Reading Anticipation Guide!

Anticipation guides help engage students by activating prior knowledge and stimulating student
interest before reading. If class time permits, discuss students’ responses to each statement
before reading each article. As they read, students should look for evidence supporting or
refuting their initial responses.

Directions: Before reading, in the first column, write “A” or “D,” indicating your agreement or
disagreement with each statement. As you read, compare your opinions with information from
the article. In the space under each statement, cite information from the article that supports or
refutes your original ideas.

Me Text | Statement

1. E-cigarettes burn to produce carbon monoxide, hydrogen cyanide, and other
toxic compounds.

2. Nicotine comes from plants.

3. Neurons are nerve cells that carry messages.

4. Nicotine imitates acetylcholine, a neurotransmitter found in the body.

5. Nicotine reduces production of adrenaline.

6. Your body regulates nicotine production.

7. Nicotine is addictive because it activates proteins in receptors.

8. Nicotine can affect brain development in teenagers.

9. Nicotine can lower blood pressure.

! This text is used with permission from ACS. It is a shortened version of the original content taken
from ChemMatters “Let’s Talk about E-Cigarettes” — Teacher’s Guide, ChemMatter (2016)




10. Scientific studies agree that e-cigarettes can help people quit smoking.

Directions: As you read the article, complete the graphic organizer below to compare nicotine
and acetylcholine.

Nicotine Acetylcholine

What is it?

What elements are in
the molecule?

How does it affect
receptors in neurons?

What is the effect on
the body?

How is it regulated by
the body?

Write one interesting
fact not covered by the
guestions above.

» Summary: On the back of this paper, write a short text message to a friend describing
important facts you learned from the article about the nicotine in e-cigarettes.




Background Information

More on the history of tobacco use

Tobacco was used in the Americas long before it was introduced in Europe. Although
Mayan drawings showing tobacco use date back to between 600 and 900 A.D., Native
Americans didn’t use tobacco on a regular basis like current smokers. It was usually smoked
through ceremonial pipes to seal treaties or in religious ceremonies as a way to send prayers to
the spirits through the smoke. Native shamans recognized that in high concentrations tobacco
could be hallucinogenic.

Early explorers brought tobacco back to Europe from the Americas. It quickly gained
popularity and created a commercial market for American settlers who grew tobacco as a
primary cash crop. George Washington initially grew tobacco as a cash crop, but eventually
decided that growing wheat was more financially sustainable. In the 1800s people did not
smoke regularly. During this time, tobacco was chewed, smoked in pipes, or hand rolled into
cigarettes or cigars.

Commercially made cigarettes were introduced in1865, providing easy access to
tobacco smoking. Thereafter, sales increased rapidly—patrticularly to the armed services.
During World War | and Il soldiers were given free cigarettes every day. As women became
more independent during the Second World War, companies began to shift marketing
techniques and advertising to attract female smokers.

In the 1950s medical studies began to connect smoking to lung cancer. In response,
“filter tip cigarettes” were introduced as a safe solution to these hazards. Filters retain much of
the tar and nicotine. So with each puff, the smoker receives more air and less tar and nicotine.
The problem is that the nicotine-addicted smoker must continue to smoke additional filtered
cigarettes until the body’s need for nicotine is satisfied.
(http://science.howstuffworks.com/innovation/science-questions/question650.htm)

In 1964 the U.S. Surgeon General reported the dangers of tar and nicotine in cigarettes.
The following year, the U.S. Congress passed the Cigarette Labeling and Advertising Act. This
law required that a label stating, "Cigarettes may be hazardous to your health." be placed on
every pack of cigarettes.

In the 1980s, as a response to this law, cigarette companies introduced formulas with
reduced tar and they added filters to more of their products to reduce customer fear. The
Comprehensive Smoking Education Act was passed by Congress in 1984. This required
cigarette companies to change their warnings every three months by rotating these four different
labels: Public Law 98-474, "Comprehensive Smoking Education Act, 1984".


http://science.howstuffworks.com/innovation/science-questions/question650.htm

Cigorette Health Warnings

SUAGEON GEMERAL'S WARNING: Smoking
Cavses Lung Cancer, Heart Disease,
Emphysema, And May Complicste Pregaancy

SURGEQ®M GEMNERAL™S WAANING: Quitting Smaking
Mow Greatly Reduces Semous Risis to Your Haalth

SURGEON GEMERAL'S WARMEIMG: Smoking
By Pregnant Women May Resalt in Fetal Injury,
Premature Birth, And Low Birth Weight

SURGEDM GENERAL'S WARNING: Cigareate
Smoke Contains Carbon Monoxide

(http://healthliteracy.worlded.org/docs/tobacco/images/10b11a.qif)

As it has become more difficult to sell cigarettes in the U.S., tobacco companies began
looking for markets in South America, Asia and the Middle East. Where possible, they have
moved their tobacco growing operations to the areas of greatest sales.
(http://healthliteracy.worlded.org/docs/tobacco/Unit1/2history of.html)

More on tobacco production

The main ingredient in cigarettes is dried tobacco leaves. After picking, the leaves are
“cured” to prepare them for commercial use. Curing means drying the leaves slowly to produce
“smooth aromatic” flavors. As the leaves are dried, the chlorophyll content is reduced so the
green leaf color fades. Machines are then used to break the leaves into small pieces and
artificial flavorings are added to make the cigarette smoke smooth and pleasurable. Potassium
nitrate, an oxidizer, is added to both the tobacco and the rolling paper to ensure that the
cigarette continues to burn even when someone is not actually smoking.

Cigarettes may contain many additives designed to increase their flavor and stability.
The Ministry of Health in British Columbia claims that cigarettes may contain over 4,000
substances. Many of these are known carcinogens.
(http://healthliteracy.worlded.org/docs/tobacco/Unit4/1whats _in.html)

More on toxics in cigarette smoke and e-cigarette vapor
Cigarette smoke

The Harper E-cigarettes article lists several of the toxic compounds present in cigarette
smoke and second-hand smoke. The possible effects on humans who are smoking or breathing
second-hand smoke are located in the parentheses following each compound.

e carbon monoxide (headache, dizziness, weakness, upset stomach, vomiting, chest pain,
confusion)
e hydrogen cyanide (headache, dizziness, weakness, nausea, vomiting)


http://healthliteracy.worlded.org/docs/tobacco/images/10b11a.gif
http://healthliteracy.worlded.org/docs/tobacco/Unit1/2history_of.html
http://healthliteracy.worlded.org/docs/tobacco/Unit4/1whats_in.html

o formaldehyde (watering of eyes, burning sensations of eyes, nose and throat, coughing,
wheezing, nausea, skin irritation)
benzene (leukemia)

e polyaromatic hydrocarbons or polycyclic aromatic hydrocarbons (malignant tumors in
lungs and larynx)

e tobacco-specific nitrosamines or TSNAs (lung cancer)

Cigarette tar is a sticky, oily, viscous material that remains after the combustion of
tobacco (or destructive distillation of wood). It accumulates in the lungs and is considered a
carcinogen. (http://healthliteracy.worlded.org/docs/tobacco/Unit4/1whats_in.html)

Second hand smoke (SHS) refers to the smoke inhaled by people who are not actually
smoking, but who are inhaling the smoke that comes directly from the cigarette or the vapor
exhaled by smokers. The American Cancer Society says, “When non-smokers are exposed to
SHS it's called involuntary smoking or passive smoking. Non-smokers who breathe in SHS take
in nicotine and toxic chemicals the same way smokers do.”
(http://www.cancer.org/cancer/cancercauses/tobaccocancer/secondhand-smoke)

Recently, university research labs have drawn attention to the toxicity of third hand
smoke (THS) or lingering smoke. This refers to the compounds left by prior smokers that
permeate the air, dust and surfaces in an area occupied by cigarette smokers. Smelly evidence
of smoking persists in the clothing, cigarette butts and carpeting of smokers. This residue is
involuntarily inhaled by people visiting prior indoor smoking environments.
(http://ehp.niehs.nih.qov/1103500/)

Unlike SHS which is composed of airborne particles, THS cannot be easily eliminated by
opening doors and turning on fans. The residual nicotine and other toxics combine with ordinary
air pollutants to form a toxic mix that permeates fabrics and settles on surfaces. This is
especially harmful to young children. (http://www.mayoclinic.org/healthy-lifestyle/adult-
health/expert-answers/third-hand-smoke/fag-20057791)

E-cigarette vapor

E-cigarette liquids called e-liquids or simply e-juices contain nicotine, flavorings, water,
propylene glycol (CsHgO) and/or glycerol (C3HgOs). Nicotine is soluble in organic solvents such
as propylene glycol (low viscosity) and glycerol (higher viscosity). The ratio of these two
solvents is adjusted to create the correct amount of viscosity for easy e-liquid flow. Propylene
glycol also keeps the vapor moist and well lubricated, while glycerol adds a sweet taste and
enhances flavors.
(http://cloudnine.hillarymilesproductions.com/electronic-cigarettes/pg-or-vg-how-propylene-
glycol-and-vegetable-glycerin-affect-e-cigarette-vaping/)

While e-cigarette liquids contain fewer ingredients than cigarette tobacco, toxics are
formed during the high temperatures required for vaporizing. Under vaporizing (vaping)
temperatures, both propylene glycol and glycerol decompose to formaldehyde and/or
acetaldehyde. These compounds, found in e-cigarette vapor, are considered carcinogens.
Below is a chemical list of the known toxics in e-cigarette vapor, with their effects on humans
shown in parentheses. (http://www.ncbi.nlm.nih.gov/pubmed/24832759)

e nicotine (addictive)
o flavorings (safe to eat, unknown effects when vaporized)



http://healthliteracy.worlded.org/docs/tobacco/Unit4/1whats_in.html
http://www.cancer.org/cancer/cancercauses/tobaccocancer/secondhand-smoke
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o formaldehyde (carcinogen)
e acetaldehyde (carcinogen)
e acrolein (damages lungs, heart disease)

e heavy metals (various heavy metals can damage blood vessels; cause inflammation;
and affect the central nervous system causing intelligence deficits, energy metabolism
and protein synthesis disruption, and cell division irregularities)

(http://vww.webmd.com/smoking-cessation/news/20150218/e-cigarette-ingredients)

In a letter published in the January 22, 2015 issue of the New England Journal of
Medicine, researchers suggest that a "masked" form of formaldehyde is present in the
condensed liquid from e-cigarette vapor. The concentration of this formaldehyde is much higher
than in cigarette smoke. Scientists call it masked or hidden because it is a product formed when
propylene glycol and glycerol are heated to high vaporizing temperatures in e-cigarettes. When
the vapor is inhaled, formaldehyde from formaldehyde-releasing agents (FRAS) is deposited on
lung tissue. Note that the graph below shows the difference between the quantities of
formaldehyde intake from cigarettes as compared to that coming from e-cigarettes. The
behavior of formaldehyde in the respiratory tract is currently unknown, but the irritating effects
resemble those from cigarette smoke. (http://www.nejm.org/doi/full/10.1056/NEJMc1413069)



http://www.webmd.com/smoking-cessation/news/20150218/e-cigarette-ingredients
http://www.nejm.org/doi/full/10.1056/NEJMc1413069
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Figure 1. Daily Exposures to Formaldehyde Associated with Cigarettes and E-Cigarettes.

Data on the daily exposure from cigarettes (the average [+SD] of all values [milligrams of formaldehyde per cigarette])
were derived from Miyake and Shibamato? and Counts et al.? These values were multiplied by 20 cigarettes per pack.
Thus, they are an average of the values used in the protocols from the International Organization for Standardization,
the Massachusetts Department of Public Health, and Health Canada. Data on the daily exposure from e-cigarettes
from the formaldehyde gas phase were calculated from the data in Kosmider et al.* We estimated daily exposure by
applying our measured e-liquid consumption rates of 0.13 mg per milliliter (at 3.3 V) and 0.18 mg per milliliter (at 5 V)
of vapor produced to the measured gas-phase formaldehyde values described by Kosmider et al.*: 0.13 ug per 1050 ml
of vapor (at 3.2 V) and 27 pg per 1050 ml vapor at (4.8 V) for mixed glycerol and propylene glycol samples. Data on
the daily exposure from liquid-phase aerosol particulate matter in e-cigarettes were calculated as the value of formalde-
hyde (as a formaldehyde-releasing agent [FRA]) exposure per day for commercial e-liquid (Halo “café mocha" flavor,
6 mg per milliliter of nicotine), measured from 10 successive aerosolized samples analyzed at 3 concentrations each.
FRAs were identified by means of nuclear magnetic resonance spectroscopy (see the Supplementary Appendix, avail-
able with the full text of this letter at NEJM.org) and quantified by relative integration against an internal standard. The
two I bars on the left indicate standard deviations, and the I bar on the right indicates the standard error.

(http://www.nejm.orq/doi/full/10.1056/NEJMc1413069)



http://www.nejm.org/doi/full/10.1056/NEJMc1413069

You might wonder about the source of heavy metals such as tin, chromium, nickel,
mercury, or lead
found in e-
cigarette vapor.
These metal
particles flake off
the metal caill, caniAdes
cartridge and
solder during high SSen e
vaping
temperatures. E-
cigarette vapor
contains up to 100
times more nickel
than regular
cigarette smoke.
The nano-sized
flakes travel deep
into lungs where
they become
embedded and
create
inflammation,
damage blood
vessels and affect
the nervous
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Despite a 10-fold decrease in overall exposure to carcinogenic particulate matter,
researchers find increased levels of certain toxic metals in second-hand smoke from e-
cigs. Credit: USC Viterbi

(http://www.sciencedaily.com/releases/2014/08/140828142809.htm)
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A comparison of toxics released in traditional cigarette smoke and in e-cigarette vapor is
shown in the chart below:

Comparison of sample toxicants emitted by tobacco cigarettes and e-cigarettes

Average ratio
Toxic Tobacco cigarette E-cigarette (conventional vs
compound (pg in mainstream smoke) (Hg per 15 puffs*) electronic cigarette)
Formaldehyde _ 16-52 0.20-5.61 9
Acetaldehyde 52-140 0.11-1.36 450
Acrolein 2.4-62 0.07-4.19 15
Toluene 8.3-70 0.02-0.63 120
NNN** 0.005-0.19 | 0.00008-0.00043 380
NNK** 0.012-0.11 0.00011-0.00283 40

* The authors assumed smokers of e-cigarettes would take an average of 15 puffs per vaping session, corresponding to
smoking one tobacco cigarette.

** Tobacco-specific nitrosamine, a carcinogenic compound that originates in the curing and processing of tobacco.
Adapted from Goniewicz et al. (2014)4

(http://ehp.niehs.nih.qov/122-a244/)

More on the history of e-cigarettes

Electronic cigarettes are basically battery-operated nicotine delivery systems that
vaporize liquid. This vapor is inhaled instead of smoke from the burning of tobacco in regular
cigarettes. Electronic cigarettes are designed to simulate the cigarette smoking experience.
Many have added flavorings to additionally appeal to users.

Herbert A. Gilbert invented a “smokeless non-tobacco cigarette” in 1963 and received
U.S. Patent number 3200819 for his invention on August 17, 1965. His design is used in current
e-cigarettes. (http://www.ecigarettedirect.co.uk/ashtray-blog/2013/10/interview-inventor-e-
cigarette-herbert-a-gilbert.html)

Although Gilbert was a heavy smoker, his original intent was to develop an easily hand-
held device to be used as a warm respiratory inhalant of non-tobacco fluids. Quoting from his
patent application:

The present invention relates to a smokeless nontobacco cigarette and has for
an object to provide a safe and harmless means for and method of smoking by replacing
burning tobacco and paper with heated, moist, flavored air; or by inhaling warm
medication into the lungs in case of a respiratory ailment under direction of a physician.
Another object of the invention is to provide an article of manufacture resembling a
cigarette by which air may be drawn through a porous substance of a cartridge which has
been moistened with a chemically harmless flavoring preparation, combining moisture
and taste following which the moist and flavored air passes through a section of the
device heated by a suitable heating element so that warm, moist and flavored air is
drawn into the mouth and if desired into the lungs of the user.

A further object of the invention is to provide a smokeless non-tobacco cigarette in which
provision is made for circulating the fluid around the heating element in a turbulent
manner to suitably raise the temperature of the inhalant mixture, with the purpose that the
temperature of the flavored air may approximate that of cigarette smoke.
(http://www.google.com/patents/US3200819)



http://ehp.niehs.nih.gov/122-a244/
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Although Gilbert’s invention was never ‘ “t“
successfully commercialized, it was advertised FROM THE PATENT OFFICE

(https://www.ecigarettedirect.co.uk/ashtray-

blog/2012/05/history-electronic-cigarette.html) BY M. J. PEDERSEN
The first electronic cigarette device Battery-powered ‘‘cigarette” uses no
used to replace the tobacco-smoking cigarette tobacco and produces no smoke. A replace-

was patented in 2003 by Hon Lik, a pharmacist able tip moistened with harmless, warmed
f sh Chi Lik ah K chemicals could simulate the flavor of any-
rom enyang, : Ina. LIK, a heavy qu er, thing from root beer to rum, Receiving
developed the e-cigarette as an alternative to patent 3,200,819 for Herbert A. Gilbert,
regular cigarettes. It was introduced to Chinese | Beaver Falls, Pa., the smokeless cigarette

. . also has medical potential. For example,
customers in 2004 and qwckly spread asthma patients could be given internal

internationally. E-cigarettes entered European medication through the lungs merely by
and United States markets in 2006 and 2007. moistening the tip with the medicine

More on e-cigarette designs

E-cigarettes can be purchased or custom made in many
designs; some resemble regular cigarettes, cigars or pipes, while
others look like the flash drive pictured at right or the vaping pens
shown in the Harper e-cigarettes article, and below.

(http://women.smokefree.qov/ecigs.aspx)

A “cigalike” is an e-cigarette that is designed to
look and feel like a regular cigarette and taste somewhat
like tobacco. It even has an ash-looking tip which is a
light-emitting diode (LED), wired to light up when the e-
cigarette is activated. People may have difficulty
distinguishing a cigalike smoker from a person smoking
a traditional cigarette. Since there are few regulations
regarding e-cigarettes, people are usually not restricted
from vaping (vaporizing the e-cigarette liquid) in a smoke
free area. To keep e-cigarettes light weight and slim,
their batteries are low capacity and require frequent recharging and their tiny canister holds little
liquid so they must be refilled more often. Many are considered disposable.

(http://vaperanks.com/what-is-a-cigalike/)

Newer generations (called mods) come in various designs. Some resemble cigars and
pipes or household items such as coke cans or flash drives. Others are made of various
materials and displayed as luxury items. You can even design your own with help from the
Internet. These have refillable canisters so one can choose a different flavor for each time you
vape (“smoke” or vaporize the liquid).
(http://motherboard.vice.com/read/e-cigarettes-dont-look-anything-like-you-think-they-do)
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Various types of mod e-cigarettes

a. Coke Can e-cigarette:
(http://cdn.shopify.com/s/files/1/0267/3447/files/coke-can-e-cig-mod.jpg?27331)
b. Pen e-cigarette:
(http://i01.i.aliimg.com/photo/v2/521410381/creative_pen shape electronic cigarette.jpg)
c. Altoids tin e-cigarette:
(http://motherboard.vice.com/read/e-cigarettes-dont-look-anything-like-you-think-they-do)
d. Nintendo controller e-cigarette:
(http://motherboard.vice.com/read/e-cigarettes-dont-look-anything-like-you-think-they-do)

More on how e-cigarettes work
Cigalikes

They contain three parts as shown in the picture below:

e Cartridge: The container for the e-liquid has a cotton-like filling (similar to cotton swabs
or coffee filters) to absorb the liquid, regulate its flow and avoid flooding or leaking. This
part also works as the mouthpiece. (http://vaperanks.com/what-is-filler-material/)

e Atomizer: The battery powers the heating coil within the atomizer to vaporize the e-
liquid.
e Battery: Homemade cigalikes may use two AA batteries as a power source. The LED

activates when someone inhales. This light gives the cigalike the look of the burning
tobacco seen during smoking a traditional cigarette.
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Atomizer Battery
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Cartridge LED light

(http://e-cigpleasure.com/beginners-quide-all-about-electronic-cigarettes/)

Newer models (see below) combine an advanced atomizer with the cartridge into a one
piece cartomizer. This two-piece device, cartomizer and battery, is not designed to be refilled.
Thus when you need liquid replacement, you also receive a new atomizer.

&
, B
i

(http://artfulcrab.com/evolution-in-smoking-industry-e-cigarettes/)

Mods

The newer, higher-end e-cigarettes called mods are not designed as disposables. They
are larger and have more parts, controls, rechargeable batteries and refillable cartridges as
shown in the picture below:

e LED: As in a cigalike, the light mimics the burning end of a regular cigarette.

e Battery: The lithium battery supplies current to the heating coil. In addition to being
rechargeable, the battery voltage and wattage may be adjusted.

e Microprocessor/sensor: This is the control for the LED indicator light. The sensor notifies
the processor when the user draws on the e-cigarette. This activates the LED light and
turns on the heater.

e Heater or atomizer: The atomizer is activated when the user inhales pulling the liquid
nicotine into the chamber where a customized coil heats and vaporizes the e-liquid, then
passes the vapor on to the smoker.

e Cartridge or tank: The liquid nicotine is located inside another refillable chamber that
looks like a cigarette filter. The smoker draws from this “filter” looking piece.

e Drip tip: This is where the user inhales to draw the nicotine vapor into the lungs. It can
be made of various materials including glass and metal and take many shapes.


http://e-cigpleasure.com/beginners-guide-all-about-electronic-cigarettes/
http://artfulcrab.com/evolution-in-smoking-industry-e-cigarettes/

The picture below shows and describes the functions of each section:

Detects when smoker
takes a drag
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(http://motherboard.vice.com/read/e-cigarettes-dont-look-anything-like-you-think-they-do)

More on plant nicotine

lan Baldwin, a plant ecologist at the Max Planck Institute for Chemical Ecology in Jena,
Germany, has studied the role of nicotine in “tobacco plant fitness”. In his laboratory, genetic
engineering is used to vary the nicotine concentration in plants. He has found that tobacco-
chewing herbivores “prefer low nicotine diets”.
(http://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0020250)

Tobacco plants have solved a serious problem that arises during pollination. While
plants can self-pollinate, to ensure reproductive strength they depend upon cross-fertilization
between plants. When the plant releases benzyl acetone to attract moths, the moths lay eggs
on the plant leaves; the eggs eventually become tobacco hornworm larvae. The hornworms are
voracious herbivores that can quickly devour plant leaves.

Tobacco plants have developed a chemical mechanism to remedy this situation. The
plants change the opening time of their flowers to
daylight hours and release their chemical attractants to
entice day time hummingbirds to become their primary
pollinators thus avoiding the larvae produced by night
time moths.

The nectar of tobacco plants is a complex
chemical mixture containing benzylacetone (4-phenyl-2-
butanone), to lure some pollinators, and nicotine, to
repel others. A high concentration of benzylacetone
attracts hummingbirds. These plants can vary the

(http://blogs.discovermagazine.com/80b

concentration of nicotine in their nectar to discourage eats/2008/08/29/tobacco-plants-control-
hummingbirds from spending too much time at one pollinators-by-dosing-their-nectar-with-
flower and encouraging them to flit from one plant to nicotine/

another. Thus, the nectar nicotine increases genetic

diversity through cross-pollination. Robert Raguso, a Cornell University chemical ecologist says,
“The plant is clearly manipulating its visitors in a way that optimizes its success.”
(http://www.the-scientist.com/?articles.view/articleNo/267 15/title/Making-sense-of-floral-scents/)
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Nicotine—repellant

(http://www.apsnet.org/edcenter/introp

p/topics/Pages/OverviewOfPlantDiseases.

HaC

Benzylacetone—attractant

(http://www.chemspider.com/Chemical-

Structure.16422.html)
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Production and extraction

Both regular cigarettes and e-cigarettes were developed to provide nicotine to the
smoker. Nicotine is produced in tobacco plant roots, stored in plant leaf vacuoles and released
as herbivores break the vacuoles during grazing. Nicotine, morphine, quinine and caffeine are
classified as alkaloids. This is a large class or organic-ringed compounds that have
physiological effects on humans. Poisons such as strychnine are also considered alkaloids.

When a tobacco plant is wounded—for example by an herbivore chewing its leaves, the
plant produces jasmonic acid (JA). JA, a plant hormone, plays a major role in plant defense.
This fatty acid molecule increases the plant’s resistance to herbivores by stimulating its
production of nicotine. (http://www.ncbi.nlm.nih.gov/pubmed/24242736)
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(http://pubchem.ncbi.nlm.nih.qov/)
(Enter jasmonic acid in search box.)

Nicotine citrate

(http://www.chemicalbook.com/Product
ChemicalPropertiesCB9877676 EN.htm)
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S mature, nicotine concentration increases. In a mature plants, approximately 64% of
the nicotine is in the leaves, 18% in the stem, 13% in the root and 5% in the flowers.
For stability, nicotine is stored in plants combined as a malate or citrate (C;6H2,N207).
(https://en.wikipedia.org/wiki/Nicotiana tabacum)
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On March 11, 2015, USA Liquid Nitrogen launched laboratories in the United States to
extract nicotine. The company uses tobacco plant leaves grown in the central-eastern region of
the United States, cures them and then uses a proprietary process to extract the pure liquid
nicotine. (http://usaliquidnicotine.com/contact-form-2/)

Nicotine chemistry

Pale yellow nicotine is classified as an alkaloid, an organic molecule containing carbon,
hydrogen, oxygen and nitrogen. As the name implies, alkaloids are basic (alkaline) substances.
They are produced by plants, animals, fungi and bacteria. While many of these molecules are
poisonous and addictive, they may play important roles in medicine due to their physiological
effects. For example: atropine, a poisonous pesticide, is used to dilate pupils for eye
examinations; and narcotics such as morphine and codeine are used to relieve pain following
surgery. (http://www.encyclopedia.com/topic/alkaloid.aspx)

Alkaloids act quickly on the central nervous system (CNS), making them valuable as
active ingredients in anesthetics, sedatives, stimulants, relaxants and tranquilizers. Since many
are addictive, they must prescribed by a doctor and their use may be legally limited.
(http://science.howstuffworks.com/alkaloid-info.htm)

Nicotine’s use in pesticides is extremely valuable. It has shown to be one of a few
chemicals to which insects have not developed resistance.
(http://www.chemistryexplained.com/Ne-Nu/Nicotine.html)
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Representative alkaloids that are also addictive drugs

(Oné Pagan, PhD: (http://www.decodedscience.orq/drugs-nature-chemistry-addictive-alkaloids/53057)

More on the neurobiology of addiction

As stated in the Harper e-cigarette article, it takes only 10 seconds for the nicotine in
inhaled cigarette smoke to be absorbed through the mucous linings of the nose, mouth and
lungs and enter the bloodstream which sends it directly to the brain.
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The hypothalamus, located in the
forebrain and shown in the pictures of the limbic
system and the mesolimbic pathway, below,
links the nervous system to the endocrine
system via the pituitary gland. The major
responsibility of this part of the brain is to
maintain homeostasis of the automatic nervous
system. When a stress is placed on the system,
the hypothalamus is stimulated and reacts by
stimulating the adrenal glands to produce
hormones such as epinephrine (adrenaline), a
neurotransmitter that constricts the blood
vessels increasing the heart rate and blood
pressure. In addition, the hypothalamus can
stimulate the nucleus accumbens (the brain’s
pleasure center) to release dopamine, a
neurotransmitter that plays a role in regulating
attention, cognition, movement, pleasure, and
hormonal processes.

The hypothalamic-pituitary-adrenal axis
(HPA axis) or limbic-hypothalamic-pituitary-
adrenal axis (LHPA axis) directly influences and
provides interactions among three endocrine
glands pictured at right.
(https://en.wikipedia.org/wiki/Hypothalamic%E2
%80%93pituitary%E2%80%93adrenal axis)

Nogativo Feodback

HPA Axis

Cartinol

Three Major Endocrine Glands

Hormonal connections between the glands: corticotropin-
releasing hormone (CRH), adrenocorticotropic hormone
(ACTH), corticosterone hormone (CORT)

(https://commons.wikimedia.orq/wiki/File:HPA_Axis Diagra
m_(Brian M Sweis 2012).png)

The picture below shows the primary structures of the brain’s limbic system. They are
located on both sides of the thalamus, directly under the cerebrum. The hypothalamus is
located below the thalamus. The mesolimbic dopamine pathway is located in this area. Note
that the prefix “meso” refers to mid- or mid-brain area.

The Limbic System

Fornix

Corpus callosum

COMPONENTS IN
THE DIENCEPHALON

Anterior group of
thalamic nuclei

Hypothalamus
Mamillary body

Amygdaloid body

Pineal gland

COMPONENTS IN
THE CEREBRUM

Cingulate gyrus

Parahippocampal
gyrus

Hippocampus

(https://en.wikiversity.orq/wiki/Wikiversity Journal _of Medicine/Blausen gallery 2014)
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The mesolimbic pathway is central to the neurobiology of addiction. It is often referred to
as the reward pathway or the path that dopamine follows in the brain. When nicotine and other
addictive substances hijack or block the dopamine receptors as described in the Harper e-
cigarette article, they follow the natural dopamine neural reward pathway. The pathway (see
below) begins in the midbrain ventral tegmental area (VTA). Medium spiny neurons in the
nucleus accumbens (NAc) receive messages from dopaminergic neurons in the VTA. The
mesolimbic system is driven by the release of dopamine in the VTA. The pathway in the figure
below is shown in blue running from the VTA to the NAc.
(http://www.nature.com/mp/journal/v8/n3/full/4001284a.html)
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(Patrick J. Lynch: https://en.wikipedia.org/wiki/Mesolimbic _pathway)

In addition to the mesolimbic pathway (first on the list below), there are seven other
dopaminergic pathways. These are the four major ones

Pathway name Description Associated
disorders
Mesocorticolimbic | mesolimbic | The mesolimbic pathway transmits schizophrenia,
projection pathway dopamine from the ventral teaqmental | ADHD, addiction

area (VTA) to the limbic system via
the nucleus accumbens. The VTA is
located in the midbrain, and the
nucleus accumbens is in the ventral
striatum. The "meso"” prefix in the
word "mesolimbic" refers to the
midbrain, or "middle brain", since
"meso" means "middle" in Greek.
This pathway is part of the
mesocorticolimbic projection.
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mesocortical | The mesocortical pathway transmits | schizophrenia,
pathway dopamine from the VTA to the frontal | ADHD, addiction
cortex. The "meso" prefix in
"mesocortical” refers to the VTA,
which is located in the midbrain, and
"cortical" refers to the cortex. This
pathway is part of the
mesocorticolimbic projection.

nigrostriatal pathway The nigrostriatal pathway transmits Parkinson's disease,
dopamine from the substantia nigra chorea

pars compacta (SNc) to the dorsal
striatum (specifically, the caudate
nucleus and putamen). This pathway
is associated with motor control.

tuberoinfundibular pathway The tuberoinfundibular pathway hyperprolactinaemia
transmits dopamine from the
hypothalamus (arcuate nucleus aka
"infundibular nucleus") to the pituitary
gland. This pathway influences the
secretion of certain hormones,
including prolactin. "Infundibular” in
the word "tuberoinfundibular” refers
to the cup or infundibulum, out of
which the pituitary gland develops.

(https://en.wikipedia.org/wiki/Dopaminergic_pathways)

The mesolimbic (mesocorticolimbic) pathway is composed of nerve cells that have long
axons that run the entire length of the pathway, conducting electrical impulses from the cell
body that contains enzymes that synthesize dopamine throughout the pathway.

Structure of a Typical Neuron

Dendrite Axon
terminal

Schwann cell

myelin
nucleus

(https://basichiochem.wordpress.com/tag/eukaryotic-and-prokaryotic-cells/)
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More on nicotine addiction

Harvard Medical School classifies addiction as a “chronic disease”, because it “hijacks
the brain”, changing both its function and structure. As nicotine is absorbed, the brain
undergoes changes. At first the person receives sensations of pleasure; soon the need for
pleasure becomes a compulsion for more. Nicotine drives the nucleus accumbens to release
increasing amounts of dopamine. An insufficient amount of nicotine in the brain signals the
nucleus accumbens to produce less dopamine thus reducing the pleasure sensation. This
drives the craving for increasing amounts of nicotine.

Harvard Medical School research suggests that addiction is a learning process because
while dopamine provides pleasure, it also involves learning as well as remembering how to
obtain this pleasure. Harvard finds that the brain’s reward circuit involves both motivation and
memory along with pleasure. Therefore, when addictive substances such as nicotine overload
the system, wanting something becomes a craving or addiction.
(http://www.helpguide.org/harvard/how-addiction-hijacks-the-brain.htm)

The teen brain is still developing during adolescence. At puberty hormones trigger major
changes. The prefrontal cortex (PFC) plays an important role in cognition involving memory,
judgment and reasoning, as well as emotional and behavioral functioning. This is one of the last
brain areas to develop. Thus, it is the focus of rat studies mentioned in the Harper article. As
soon as nicotine binds to the acetylcholine receptors, signals are sent to activate the PFC. This
disturbs working memory. When the PFC of an immature rodent is exposed to nicotine,
synapses in the PFC are altered, leading to changes in gene expression at the molecular level.
This can lead to lasting effects on cognition.

The mesolimbic pathway, known as the reward pathway, carries dopamine from one
area of the brain to another. Note the image in the “More on neurobiology of addiction” section
of this guide. Dopamine controls the brain’s pleasure and reward centers. The pathway links the
ventral tegmental area in the midbrain to the amygdala, nucleus accumbens, the medial
prefrontal cortex and the hippocampus structures known as the limbic system. Emotional
processing occurs in these structures.

During adolescence the emotional drive is strong and teens are motivated by rewards.
During teenage years, the immature brain has reduced cognitive self-control and may lack the
decision-making strategies of adults. The immature brain is more motivated by rewards and
prone to mood swings, impulsivity, risk taking and influence from peers, especially in social
interactions. For example, while an adult is more apt to recognize the risk, a teenager is more
apt to believe that they can smoke for a few years and then quit.

Teens exposed to nicotine by smoking or vaping run the risk of developing psychiatric
disorders and cognitive impairment, including reduced ability to remember or learn new things,
pay attention, concentrate and make rational decisions that may affect their future.
(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3543069/)

In evidence based reviews, Current Psychiatry reports that children who are exposed to
nicotine before the age of thirteen are extremely likely to suffer from attention deficit
hyperactivity disorder (ADHD) which will last throughout their lives. Note that psychiatric
comorbidity (below) refers to patients who have an addiction along with another psychiatric
condition.
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Psychiatric comorbidity is highly associated with cigarette smoking in adults and
adolescents. In the United States:

o 449% of cigarettes smoked are sold to someone with a mental iliness.

e  Persons with mental iliness are 2.7 times more likely to smoke than are those
without mental iliness.

e Most smokers start before age 18, and starting before age 13 is linked to
psychopathology in later adolescence.

(http://www.currentpsychiatry.com/the-publication/past-issue-single-view/how-to-help-
nicotine-dependent-adolescents-quit-smoking/lae29a758c4be54bfab7f7a75d1edf8f.html)

More on teen e-cigarette use

The U.S. Department of Health and Human Services (HHS) reports a 4.7 percent
increase in e-cigarette use by high school seniors in 2011. In 2014, this increase jumped to 17.2
percent. Teens are now using more e-cigarettes than traditional cigarettes.

The “Monitoring the Future Study” from the University of Michigan has been tracking 12"
graders use of tobacco products since 1975. In 1991 surveys of students in grades eight and
ten were added. From 1975 to 2014 they found declines in alcohol and cigarette use. The 2014
data also showed a drop in illicit drug use. In contrast the use of e-cigarettes has increased
substantially.

The December 16, 2014 University of Michigan report that covered 377 public and
private high schools and surveyed 41,551 students found a doubling of e-cigarette use by 8"
and 10" grade students. This survey reported that “in the past 30 days” 9% of 8" grade students
reported using e-cigarettes; 16% of 10" graders used e-cigarettes and 7% used regular
cigarettes; and 17% of 12" graders used e-cigarettes and 14% smoked cigarettes. Based on
this data, in May 2015 the U.S. HHS Office of Adolescent Health reported:

There is concern that e-cigarettes represent a gateway to the use of traditional
cigarettes and other tobacco products. In 2013, one out of five middle school students
who had tried an e-cigarette had not yet tried a conventional cigarette. Overall,
approximately 263,000 middle- and high-school students used e-cigarettes that year,
even though they had never smoked a conventional cigarette. Of these adolescents, just
under half (43.9 percent) reported an intent to smoke conventional cigarettes in the next
year. This is significantly higher than the number of youth who had never used an e-
cigarette; of those, 21.5 percent reported an intent to smoke conventional cigarettes in
the next year.

(http://www.hhs.gov/ash/oah/adolescent-health-topics/substance-
abuse/tobacco/trends.html)

This study also showed that since the number of teenage smokers continues to decline,
e-cigarettes rather than traditional tobacco appear to be the teen gateway to nicotine. This
raises the concern that vaping will lead to nicotine addiction and lead to receiving a quicker
satisfaction through smoking cigarettes. One of the researchers, R.A. Miech said, "Part of the
reason for the popularity of e-cigarettes is the perception among teens that they do not harm
health.” (http://ns.umich.edu/new/multimedia/videos/22575-e-cigarettes-surpass-tobacco-
cigarettes-among-teens)
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In another study funded by the U.S. Food and Drug Administration (FDA) through the
U.S. National Institutes of Health (NIH), the University of Southern California (USC) Keck
School of Medicine found that vaping at an early age frequently leads to smoking regular
cigarettes. Keck surveyed 2,530 14-year-olds at ten Los Angeles, California high schools who
had never smoked tobacco by the beginning of the ninth grade. In the first study 222 of these
students had used e-cigarettes. Six months later, 30.7 percent of the e-cigarette users had
begun smoking cigarettes, cigars or hookahs. At the beginning of the tenth grade, the
percentages were similar. A summary of their research was published on August 18, 2015 in
The Journal of the American Medical Association (JAMA):

E-cigarettes may be drawing a new generation of teens into recreational nicotine
use because they are high-tech, can be purchased somewhat easily, come in enticing
flavors and have a perception that they’re not harmful,” said Adam Leventhal, Ph.D.,
associate professor and director of the USC Health, Emotion, & Addiction Laboratory
(USC-HEAL) at the Keck School of Medicine. “Some e-cigarette devices appear to be
very efficient at delivering nicotine to the lungs and brain. If you enjoy the experience of
inhaling nicotine in e-cigarettes, it makes sense that you would be open to trying other
nicotine products, like cigarettes, hookah, and cigars.

(http://lwww.keck.usc.edu/news/teens-who-use-e-cigarettes-may-be-transitioning-to-
tobacco-products-research-shows/)

More on e-cigarette regulation

Unless marketed for therapeutic purposes, e-cigarettes are currently unregulated by the
U.S. Food and Drug Administration (FDA).The only tobacco products regulated by the FDA are
cigarettes, cigarette tobacco, roll-your-own tobacco and smokeless tobacco. However, there are
proposals to extend regulation to include e-cigarettes because they meet the legal definition of a
tobacco product. Some politicians and many in the tobacco industry oppose these proposals.
(http://www.fda.gov/NewsEvents/PublicHealthFocus/ucm172906.htm)

This regulatory extension that would cover e-cigarettes is called the Tobacco Products
Deemed to Be Subject to the Food, Drug & Cosmetic Act (Deeming). Under Deeming e-
cigarettes would be regulated by the FDA as well as cigars, pipe tobacco, certain dissolvable
substances that are not “smokeless tobacco,” gels and water pipe tobacco. FDA regulation
involves a scientific review of new products, age restrictions for purchase and an investigation of
claims regarding the health, disease and death of users.
(http://www.fda.gov/TobaccoProducts/Labeling/RulesRegulationsGuidance/ucm388395.htm)

Some states regulate or ban the sale of e-cigarettes to minors but they are still readily
available for on-line purchase. State restrictions vary from none to certain age limits. Local laws
may be more stringent than those imposed by the state.

Currently e-liquids are not regulated meaning there is no regulation of the purity and
safety of the liquid nor of the amount of nicotine. Additionally, proposals pending for FDA
regulation focus on what goes into the e-liquid, not what comes out in the vapor.
(http://www.nytimes.com/2014/05/04/business/some-e-cigarettes-deliver-a-puff-of-
carcinogens.html?_r=0)
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More on e-liquid nicotine poisoning

The U.S. FDA has approved five nicotine replacement products: patch, gum, nasal
spray, inhalers and lozenges. These therapies are considered safer than e-cigarettes and e-
cigarettes are considered safer than tobacco-burning cigarettes.

Nicotine is the addictive stimulant in both cigarettes and e-cigarettes. One regular
cigarette contains 10 to 15 milligrams of nicotine, while a milliliter of e-liquid may contain
anywhere from no nicotine to 72 milligrams. Short-term side effects from nicotine include
increasing blood pressure and heart rate. In the long term, nicotine can interfere with fetal
development. Although e-cigarettes do not contain tar, non-smokers may become addicted to
nicotine by vaping. Frequently this addiction leads to smoking traditional cigarettes.
(http://www.consumerreports.org/health/e-cigarette-facts-you-need-to-know)

Not only do bubble gum and watermelon flavors attract teens to e-cigarettes, but they
greatly increase the possibility that young children will be tempted by the devices. The U.S.
Centers for Disease Control and Prevention (CDC) reports that more than half of the calls
involving exposure to nicotine in e-cigarettes or e-liquid vials come from children aged five years
and younger. The symptoms of nicotine poisoning include vomiting, nausea, and skin or eye
irritation.

The CDC keeps Poison center calls _
involving e-cigarettes

statistics on the number of
calls to their poison center hot-
line. The graph at right shows
an alarming monthly increase
in calls between September
2010 and February 2014.
During this period there were
actually 2,405 calls: 69%
involved ingestion; 17% were
due to inhalation; 9% reported
eye irritation; and 6%
complained of skin irritation. 1
(Note the total of 101% is due ; _ =
to rounding the values.)  —

September 2010 February 2014

(http.//www.consumerreports.org/cro/news/2014/04/e-cigarette-
poisonings-on-the-rise/index.htm)

The first death of a child
from ingestion of e-liquid nicotine
was reported in December 2014. This one-year-old ingested liquid nicotine at her New York
home. (http://abcnews.go.com/Health/childs-death-liquid-nicotine-reported-vaping-gains-
popularity/story?id=27563788)

Although nicotine concentration varies in e-liquid refills, it may be very high. Dr. Steven
M. Marcus, medical director of the New Jersey Poison Information and Education System said,
“Some are so high that if a child got a couple of drops it could put them into real serious trouble
or death.” (http://www.abc15.com/news/local-news/investigations/lawmakers-call-for-safety-
caps-on-the-nicotine-refills-for-electronic-cigarettes) The American Academy of Pediatrics says
that one small 15 mL vial of e-liquid contains enough nicotine to kill four children.



http://www.consumerreports.org/health/e-cigarette-facts-you-need-to-know
http://abcnews.go.com/Health/childs-death-liquid-nicotine-reported-vaping-gains-popularity/story?id=27563788
http://abcnews.go.com/Health/childs-death-liquid-nicotine-reported-vaping-gains-popularity/story?id=27563788
http://www.abc15.com/news/local-news/investigations/lawmakers-call-for-safety-caps-on-the-nicotine-refills-for-electronic-cigarettes
http://www.abc15.com/news/local-news/investigations/lawmakers-call-for-safety-caps-on-the-nicotine-refills-for-electronic-cigarettes
http://www.consumerreports.org/cro/news/2014/04/e-cigarette-poisonings-on-the-rise/index.htm
http://www.consumerreports.org/cro/news/2014/04/e-cigarette-poisonings-on-the-rise/index.htm

Web Sites for Additional Information

More sites on tobacco production

This is one of the best resources | have found regarding cigarette tobacco additives. The article
from the BBC News, “What’s in a Cigarette?” provides discussion by pro- and anti-tobacco lobbies and a
scientist regarding the use of each of nine ingredients found in cigarette tobacco.
(http://www.bbc.co.uk/worldservice/sci_tech/features/health/tobaccotrial/inacigarette.htm)

Additional information about the process of treating tobacco leaves is presented in a paper from
the University of Kentucky, Department of Agriculture. Various processes used to cure tobacco are
described in the report, “Harvesting, Curing, and Preparing Dark Fire-Cured Tobacco for Market”.
(http://www?2.ca.uky.edu/agc/pubs/agr/aqr152/aqr152.pdf)

More sites on toxics in cigarette smoke

A 2010 report by the Surgeon General, “How Tobacco Smoke Causes Disease: The Biology and
Behavioral Basis for Smoking-Attributable Disease”, contains research details on the potential toxics in
cigarette smoke. Some of these chemicals are in tobacco leaves; others are formed during the burning
process. For example, polyaromatic hydrocarbons are the products of incomplete combustion of tobacco.
This article is very complete and includes details on the research procedures. For information on new
versions such as e-cigarettes click on the marginal link, “Cigarette-like Products”.
(http://www.ncbi.nim.nih.gov/books/NBK53014/)

The American Cancer Society provides comprehensive information on the dangers of smoke in
the work place from benzene in cigarette smoke and second hand smoke.
(http://www.cancer.org/cancer/cancercauses/othercarcinogens/intheworkplace/benzene)

More sites on nicotine as a plant defense mechanism

This research article, “Plant Signaling and Behavior” presents research on plant signals that
regulate the synthesis of nicotine in tobacco plants. Nicotine production is a major mechanism that
tobacco plants use to ward off attacks from leaf-eating herbivores.
(http://www.ncbi.nim.nih.gov/pmc/articles/PMC2634150/)

This article discusses procedures used by researchers to study the ability of tobacco plants to
avoid attacks by herbivores while simultaneously encouraging pollinators. These plants have the ability to
alter the composition of their nectar and to use nicotine to discourage pollinators from spending too much
time at one flower. (http://www.sciencedaily.com/releases/2010/01/100121135659.htm)

More sites on use of tobacco by early Native Americans

Native South American shamans found the hallucinogenic properties of tobacco important for
their ceremonies. Tobacco contains hallucinogenic harmala alkaloids, in addition to nicotine. Moreover,
the native tobacco plant strains were more potent than today’s cigarette variety. This site contains
interesting details of early Native American and later European use of tobacco.
(http://www.biopsychiatry.com/tobacco/)

In chronological order, this site provides a history of tobacco use beginning with evidence of
American Indian use in 1 B.C. to current use and legislation in the 1990s.
(http://academic.udayton.edu/health/syllabi/tobacco/history.htm)



http://www.bbc.co.uk/worldservice/sci_tech/features/health/tobaccotrial/inacigarette.htm
http://www2.ca.uky.edu/agc/pubs/agr/agr152/agr152.pdf
http://www.ncbi.nlm.nih.gov/books/NBK53014/
http://www.cancer.org/cancer/cancercauses/othercarcinogens/intheworkplace/benzene
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2634150/
http://www.sciencedaily.com/releases/2010/01/100121135659.htm
http://www.biopsychiatry.com/tobacco/
http://academic.udayton.edu/health/syllabi/tobacco/history.htm

More sites on the history of e-cigarettes

This article in The Guardian provides a biographical sketch of Hon Lik, the Chinese pharmacist
who invented the e-cigarette as a means to stop his heavy smoking habit. Smoking killed his father. His
invention didn’t work for him as he continues to both smoke cigarettes and test-vape his e-cigarette
flavors. (http://www.theguardian.com/society/2015/jun/09/hon-lik-e-cigarette-inventor-quit-smoking-dual-
user)

More sites on FDA consumer updates

This FDA site is a consumer update page showing, “How to Recognize Tobacco in its Many
Forms”. Pictures of tobacco in the forms of cigarettes, cigars, little cigars, cigarillos, dissolvable products,
e-cigarettes (also referred to as: vape pen, e-hookah and hookah pen), traditional smokeless tobacco
products, and water pipes (also referred to as hookah, shisha, narghile and argileh) are shown and
described. Warnings to parents about these products and the lack of current FDA regulations are
included. (http://www.fda.gov/ForConsumers/ConsumerUpdates/ucm392735.htm)

More sites on the chemistry of nicotine

Pubchem provides much information including physical and chemical properties of nicotine, as
well as the biochemistry, toxicity and biohazards and much more. Use this URL to reach the site:
https://pubchem.ncbi.nim.nih.gov/. Then enter nicotine in the search box.

Another site discusses how nicotine is metabolized in the body and the biomarkers that are used
to detect the presence of metabolic products of nicotine in the blood, urine, saliva and nails of smokers.
People exposed to second-hand cigarette smoke also test positive to for nicotine metabolic products long
after exposure. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953858/)

More sites on nicotine replacement

The American Cancer Society discusses various FDA-approved replacement therapies to aid
people who want to quit smoking, including how to use these products and possible side effects. This
Web site stresses the importance of staying away from tobacco while receiving nicotine in a safer
manner. (http://www.cancer.org/healthy/stayawayfromtobacco/guidetoquittingsmoking/guide-to-quitting-
smoking-types-of-nrt)

More sites on nicotine neural pathways

The 2014 Blausen Medical Galleries of medical images include clear, excellent images of
cardiology, circulatory, gastrointestinal and neurology systems, as well as many others. This is a free-
access library of images. Images of the mesocorticolimbic dopamine system (the nicotine neural pathway)
are shown here:
https://en.wikiversity.org/wiki/Wikiversity Journal of Medicine/Blausen gallery 2014#Neurology).

More sites on neurotransmitters

The neurotransmitters: serotonin, dopamine, gamma-aminobutyric acid (GABA) and acetylcholine
are important for our physical and emotional health. A description and the symptoms and conditions of an
imbalance in each of these four key neural transmitters are provided at this site:
http://knowmental.com/neurotransmitters-serotonin-gaba-dopamine-acetylcholine/.

Students may have heard of humans performing extraordinary feats of strength in emergency
situations. This site includes scenarios of adrenaline-fueled people lifting cars and fighting bears, while it
also discusses how adrenaline is produced. (http://entertainment.howstuffworks.com/arts/circus-
arts/adrenaline-strength.htm)



http://www.theguardian.com/society/2015/jun/09/hon-lik-e-cigarette-inventor-quit-smoking-dual-user
http://www.theguardian.com/society/2015/jun/09/hon-lik-e-cigarette-inventor-quit-smoking-dual-user
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More sites on nicotine and health

The 2014 U.S. Surgeon General Report, “The Health Consequences of Smoking—50 Years of
Progress”, discusses the effects of smoking as well as the introduction of e-cigarettes. This URL takes
you to the executive summary of the report; Chapter 11 addresses questions regarding the use of e-
cigarettes. (http://www.surgeongeneral.gov/library/reports/50-years-of-progress/exec-summary.pdf)

The complete U.S. Surgeon General Report contains many tables and figures for the data
discussed in the executive summary described above. (http://www.surgeongeneral.gov/library/reports/50-
years-of-progress/full-report.pdf)

Researchers from Yale University, Massachusetts General Hospital and the University of
California Irvine have created movies of neural activity changes during smoking using a linear parametric
neurotransmitter Positron Emission Tomography (Ip-ntPET) model that shows brain responses (dopamine
release) over time to addictive substances such as nicotine. The process is shown in a video on this site:
http://www.jove.com/visualize/abstract/25327035/water-pipes-and-e-cigarettes-new-faces-of-an-ancient-

enemy.

More sites on teens, nicotine and e-cigarettes

This November 2015 National Institute on Drug Abuse (NIDA) article, “The Brain’s Response to
Nicotine NIDA for Teens”, contains facts about the effects of nicotine on the developing brain of teens.
(https://teens.drugabuse.gov/educators/nida-teaching-guides/mind-over-matter-teaching-guide-and-
series/tobacco-addiction/brains)

Based on research that shows the adolescent brain is extremely sensitive to nicotine, Dr. Joseph
DiFranza, of the University of Massachusetts Medical School, performed a four year study on sixth grade
students. He found that students were very susceptible to nicotine addiction after only one or two days of
inhaling cigarettes and that withdrawal symptoms occurred after inhaling only two cigarettes per day. His
research design is described at this URL: http://www.ncbi.nlm.nih.gov/pubmed/17606835.

This 2013 publication based on studies of eighth and tenth grade smokers addresses how
dependency develops in teen smokers. (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3662047/)

The University of Michigan survey data on e-cigarettes is shown in extensive table format
showing numbers of smokers of tobacco and e-cigarettes in the 8" 10M and 12™ grade students.
(http://www.drugabuse.gov/trends-statistics/monitoring-future/monitoring-future-study-trends-in-
prevalence-various-drugs) Additional information about the study can be found on this URL:
https://www.icpsr.umich.edu/icpsrweb/ICPSR/series/35.

More sites on e-cigarette sales regulations

The Public Health Law Center of the Mitchell Hamline School of Law in St. Paul, Minnesota
provides a comprehensive list of e-cigarette regulations by state and the District of Columbia. These
regulations were in effect as of May 22, 2015. A table by state provides data for the following items:
“definition of ‘tobacco product’, taxation, product packaging, youth access/other retail restrictions, and
smoke-free air legislation. Note that local laws may also apply.
(http://publichealthlawcenter.org/resources/us-e-cigarette-regulations-50-state-review)
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: Vaping

Should eCigarettes be
regulated?




I Whiteboarg @

 |n vyour groups of 3
 Discuss and write down one word that best
describes vaping




I Whiteboarg @

* In your groups of 3
 What do we know about Vaping?
« Write down everything you know about vaping.




I Whiteboarg 9

 Inyour groups of 3
* Is Vaping safe?
« Are eCigarettes safe?




I Whiteboarg @

* In vyour groups of 3

* Is Vaping safer than smoking cigarettes?
* Why do you think this?



2 “] notice...”

2 “l wonder....” - (Questions)

* Vape Tricks:

# https://www.youtube.com/watch?v=QRGywNKPiD4


https://www.youtube.com/watch?v=QRGywNKPiD4

2 “] notice...”

2 “l wonder....” - (Questions)

* Vape Culture Exposed:
* https://www.youtube.com/watch?v=5wVGOc458D0



https://www.youtube.com/watch?v=5wVGOc458D0

Vaping Culture

\\

* Take a second and answer the post video clip
questions.

« Start with “Does this make vaping look good or bad....”



2 “] notice...”

2 “I Wonderooo o,’ =
(Questions)

uprm SMOKE ¥ ‘ v : ~« . .
VAPING NOW AN EPIDEMIC AMONG HIGH SCHOOLERS

SMERCONISH

* Vaping an Epidemic in U.S. High Schools
* https://www.youtube.com/watch?v=v_ 6EWQnKP3E



https://www.youtube.com/watch?v=v_6EWQnKP3E

High School Vaping

ﬁ'k‘\

* Take a second and answer the post video clip
questions.

« Start with “Does this make vaping look good or bad....”



Numbered Heads

‘\

Walk around the room.

When the music stops listen for a
number.

Get into groups of that number.



‘\

SHARE.: what did you notice about

the VAPING TRICKS Video?



Groups of 4!

‘\

SHARE.: what did you notice about

the VAPE CULTURE Video?



\
SHARE.: bo you think the VAPE

CULTURE EXPLORED video was biased?

Explain why or why not to your partner.



\‘
SHARE.: po you think the CNN High

School Vaping video was biased?

Explain why or why not to your partner.



\
SHARE.: what s something you still

want to know about vaping before you
decide your final opinion?




Anticipation Guide

L

* Quickly on your own fill out the eCigarrette ME
COLUMN with Agree OR Disagree.



Vaping Article Jigsaw




Get One Quickwrite
\

Why do you think it is important for us to understand the
culture behind vaping?

How does understanding the culture behind vaping allow us
to better reach a decision in regards to whether it should be
regulated or not?

1 Minute to THINK and 3 minutes to INK!




: Vaping

Should eCigarettes be
regulated?




: eCigarettes
Overview Article




Initial Model

i
* GO to OneNote’s Content Library
* Click on the “Initial Model”

* Read the prompt

* Draw and initial model that best describes what you
think it happening to your vaping friend.
* Use words, pictures, symbols, arrows, etc.



Go to Quizlet.live
e —

We need to immerse ourselves in the vaping culture and
so we need to understand the language.

Quizlet

https://quizlet.com/334464521/vaping-culture-flash-cards/



https://quizlet.com/334464521/vaping-culture-flash-cards/

POSERS Picture Analysis



https://www.youtube.com/watch?v=9puCt7HccOY

What is actually going on?

4“‘\ wd ; S
YARE | EHavpionsHip| 2015] VAPE SUMMIT W Disise G

VAPE SUMMIT 2015:



https://www.youtube.com/watch?v=9puCt7HccOY

4 Corners Regulations Grouping
e

After our last class decide where you fit on this spectrum. This opinion
might change over the course of our unit.

# 1-Vaping and eCigarettes should NOT be regulated at all (Vaping for
everyone!)

* 2 —Vaping should only be available to individuals above the age of 18.

# 3 —Vaping should only be used by adults (18+) and by prescription to
stop smoking.

* 4 —Vaping should be banned completely because of its potential
risks.
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Graphic Organizer to help show us how
all these aspects of society connect and
fit together to inforfn our opinions



In these groups on your dry erase

boards or large paper...

\’

You will be given one aspect of
society to consider in regards to

vaping.

*How would you define this
aspect of society?



In these groups on your dry erase

boards...

\

You will be given one aspect of
society to consider in regards to

vaping.

* What does this mean to you in
regards to vaping?



In these groups on your dry erase

boards...

\

You will be given one aspect of
society to consider in regards to

vaping.

+* How does Vaping influence this
aspect of society?



Aspects of Society Share
—

In your groups...

* Record our definitions for each
aspect of society on your star
model.

* Record how vaping influences this
part of society.
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Behaviors, arts, interests, societies and cliques. The
ways we interact with vaping and how people
develop a lifestyle based around it or including it.

Page 13



STAR Model

‘\

In your groups...
+ Using the information we talked about last class,

videos, and articles fill out the CULTURE section
of the STAR Model.

* How does vaping influence that aspect of society?




Vaping Article Jigsaw




STAR Model

\

In your groups...

* After speaking with your group members and sharing
your Vape Culture Articles.
** Revisit your CULTURE section of the STAR Model.

* What can you add?
* Anything that you need to revise?




\

1. How should eCigarettes be regulated?
2. Why should or shouldn’t they be regulated?
3. How would this impact society?

1 Minute to THINK and 3 minutes to INK!



Give One Get One
\‘

*# Finish the following sentence stems on your TWO
sticky notes

* Each sticky note should only have one sentence onit.

STICKY NOTE 1: One thing | learned from today’s articles
were....

STICKY NOTE 2: One thing | thought was interesting
from today’s articles was....



Give One Get One

\
Carry BOTH your sticky notes.
Share them with your High-Five partner.

Trade.

Find a new High-Five partner



Topic: Homeostasis and
Feedback Loops

E.Q.: How do living things maintain
a stable internal environment?



System?



REMEMBER....

Homeostasis Stay the same on the inside

VAR

same state

All living things respond to stimuli

EXAMPLE?



http://clipart-library.com/clipart/920119.htm
http://clipart-library.com/clipart/920119.htm
http://clipart-library.com/clipart/920119.htm
http://clipart-library.com/clipart/920119.htm
http://clipart-library.com/clipart/351699.htm
http://clipart-library.com/clipart/351699.htm
http://clipart-library.com/clipart/351699.htm

Homeostasis

Is all about change and response to a stimulus....

Homeostasis

stimulus: deviation

Change in external from set point

- - -
environment. T \-—} sensor
(counteracts) \
OR | +

control
response center

Change in internal i
environment.
)

effector



How do we respond?

e Structural: Physical features that help
organism survive.

* Functional: Metabolism can adjust as
changes/stimulus detected.

* Behavioral: Take actions to respond to
stimulus.



Structural Evolutionary Responses
to Environment

* Big ears and long
appendages = radiate
heat

Source:
https://commons.wikimedia.o
0 A rg/wiki/File:Vulpes_vulpes K
v s /"' urdistanica_(cropped).jpg

e Short appendages and
large body size =
conserve heat

Source: https://animalplanetsthemostextreme.fandom.com/wiki/Arctic_Fox



https://commons.wikimedia.org/wiki/File:Vulpes_vulpes_Kurdistanica_(cropped).jpg
https://commons.wikimedia.org/wiki/File:Vulpes_vulpes_Kurdistanica_(cropped).jpg
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https://animalplanetsthemostextreme.fandom.com/wiki/Arctic_Fox

Structural Evolutionary Responses
to Environment

e Camel vs human’s Henle's Loop = water
retention and urine production

Proximal tubule Distal tubule

Glomerelus

Collecting |
duct

In some nephrons,
the loop of Henle is

long L
into the medulla.  Final urine to ureter

Source: https://www.shmoop.com/animal-digestion/kidney.html



https://www.shmoop.com/animal-digestion/kidney.html
https://www.shmoop.com/animal-digestion/kidney.html
https://www.shmoop.com/animal-digestion/kidney.html

Structural Evolutionary Responses
to Environment

* Marine mammals and body temperature
=countercurrent heat exchange

Blubber insulates body
of dolphin but does not
extend into flipper.

Seawater = 14°C

Flipper

Blood vessel ;
Cool returning

blood flow
Blubber

In each of many blood
vessels, heat flows from
warm incoming blood to
cool returning blood due
to conduction (H.y) and
convection (H,).

Warm incoming
blood flow

Source: https://sites.jmu.edu/bio103shook/bbg3a-structure-and-function-michelle-thiongo/
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Physiological Factors controlled
through homeostasis

metabolic wastes, particularly CO, and urea
blood pH and glucose concentration
water potential of the blood

the concentrations in the blood of the
respiratory gases, O, and CO,.

core body temperature



When homeostasis fails

All of these work together to insure you
stay alive.

Failure of any of these systems can lead
to...DEATH!

EX: Diabetes r,

- Blood sugar levels L K-
controlled by glucagon S :
and insulin ' - Gl ¥

» Broken loop = stops body k G A
from bringing blood sugar \\ T
down to healthy levels \ Lowers Sugar

* Increased thirst, urination, sugar
and dehydration. Soues s bl e esouses et
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Systems that have the biggest
impact on our homeostasis:

Nervous system

— Receives and sends signals from stimulus

Respiratory System
— Responsible for gas exchange

Cardiovascular System

— Movement of blood and substances
throughout body

Endocrine System

— Release of hormones (cell
signals)

s 4

Source: https://universe-review.ca/l10-82-organs.jpg
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Positive Feedback Loop

* Enhances or speeds up output in reaction to a
stimulus.

e Actually increases the stimulus.

> o

Nerve impulses from Brain stimulates
cervix transmitted pituitary gland to
to brain secrete oxytocin

EX: Childbirth

Head of baby
pushes against =
cervix /  touterus

Oxytocin stimulates
uterine contractions

and pushes baby
towards cervix

Source: https://opentextbc.ca/anatomyandphysiology/chapter/1-5-homeostasis/
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Negative Feedback Loop

* Slows down a reaction to return to a starting
point (brake pedal/balance)

 Maintaining homeostasis is USUALLY involves
negative feedback loops

— Attempting to return to a Normal State/starting
point.



Negative Feedback Loop Example

 EX: Body Temperature

Ptas - - Xty

Sensor

4

Control

v

Effector

Negative feedback loop



Negative Feedback Loop Example

 EX: Body Temperature

Body temperature

Stimulus exceeds 37°C

Sensors like nerve cells with

Sensor endings in the skin and brain

Temperature regulatory
Control center in brain

4

Sweat glands
throughout body

Effector

Negative feedback loop Body temperature regulation



Bozeman Feed Back Loop
While watching the video write:

* 2 Things you learned or noticed
* 1 question/wondering you still have

https://www.youtube.com/watch?v=CLv3SkF Eaq



https://www.youtube.com/watch?v=CLv3SkF_Eag

Stand Up — Pair Up — Share!

Take your Bozeman Feedback Loop video
Observations

Make eye contact with someone in the room
High Five them!

Share your observations

Find a new partner.



Class Positive and Negative
Feedback Loop Models



FEEDBACK LOOP PARTNER SHARE

Decide who is A and who is B.



A partner
Explain to your partner what a
positive feedback loop is and
explain an example of a positive
feedback loop.




B partner
Explain to your partner what a
negative feedback loop is and
explain an example of a negative
feedback loop.




Vaping and Homeostasis

Vaping tool used to intake nicotine or vapor
Signals Stimulates Nervous system

Stimulates the Hypothalamus/nervous system
Endocrine/pituitary gland

Dopamine receptors/reward pathway

Adrenal gland- raises heart rate and blood
pressure by constricting blood vessels



WHITE BOARDING: Building a
Quick Feedback Loop



WHITE BOARDING: Building a
Quick Feedback Loop

* As nicotine is absorbed, the brain undergoes changes. At first
the person receives sensations of pleasure because of the
release of dopamine; soon the need for pleasure becomes a
compulsion for more. Nicotine drives the brain and to tell the
endocrine system to release increasing amounts of dopamine.
A low amount of nicotine in the brain signals the endocrine
system to produce less dopamine thus reducing the pleasure
sensation. This drives the craving for increasing amounts of
nicotine.



Nicotine and Addiction Quickwrite

* How would you describe the feedback loop of
vaping? Positive or negative? DEFEND YOUR

ANSWER.

* Harvard Medical School classifies addiction as
a “chronic disease”, because it “hijacks the
brain”, changing both its function and
structure. How does this relate to our
discussion of feedback loops?



STAR Model Update




STAR Organizer Update

In your ORIGINAL groups of 3...

» Revisit your SCIENCE section of the STAR
Model.

 What can you add?

* Anything that you need to revise?




Closing Quickwrite

1. How do you think understanding positive and
negative feedback loops will help us
understand your body’s response to vaping?

2. In your own words, how would you describe
the difference between a positive and a
negative feedback loop?

1 Minute to THINK and 3 minutes to

INK!




Hierarchy of Life

Topic: Atoms and
Macromolecules

EQ: What molecules are
essential for life and organ
systems?



Biological
Organization

Atom
Molecule
Macromolecule
Organelles
Cell
Tissue
Organ

Organ System

I‘I‘I‘I‘I‘I‘I‘I‘I

Organism



Which of the elements (atoms) on
the periodic table might you find
In a human?

Carbon
Hydrogen
Nitrogen
Oxygen
Phosphorous _

Sulfur https://youtu.be/rz4Dd1l X0




Hydrogen

Carbon

selenium (Se), silicon (Si), tin (Sn), vanadium (V),
and zinc (Zn).

Element Symbol Percentage in
Body
Oxygen @) 65.0
Nitrogen carbon C 18.5
Hydrogen H 9.5
Nitrogen N 3.2
Calcium Ca 1.5
Phosphorus P 1.0
Potassium K 0.4
Sulfur S 0.3
Sodium Na 0.2
Oxygen Chlorine Cl 0.2
Magnesium Mg 0.1
Trace elements include boron (B), chromium (Cr),
cobalt (Co), copper (Cu), fluorine (F), iodine (1),
iron (Fe), manganese (Mn), molybdenum (Mo), less than 1.0

Source: https://en.wikipedia.org/wiki/Composition_of the human body



https://en.wikipedia.org/wiki/Composition_of_the_human_body

What makes Carbon ideal as the
backbone for life?

* Molecules get big since Carbon wants to form
4 bonds with other atoms & other C atoms

Structure of Methane (CH,)

® Electron from hydrogen
@ Electron from carbon

Source: https://commons.wikimedia.org/wiki/File:Covalent.svg Source: https://youtu.be/rdKZLgTDeXA



= W

MacroMolecules of Life

Carbohydrates

Lipids (fats and oils)

Proteins

Nucleic Acids (DNA and RNA)



Macromolecules Jigsaw!

* | will divide you into teams that will research one
macromolecule.

* For your macromolecule your group will research:

— The elements/atoms that make it up (Carbon,
Hydrogen, etc.)

— It’s function (what it does)
— An example of the macromolecule

— Building blocks/Monomers (smaller units of the
macromolecule)

* INCLUDE A PICTURE OF YOUR MACROMOLECULE!



CELL/PLASMA MEMBRANE
AND TRANSPORT



WHITEBOARDS — BEAKER DEMO



F00D COLORING IN DIFFERENT TEMP WATER

eDraw a model on your white board to explain what 1s
happening to the particles of food coloring in each of the
three different temperatures water?



HOW DOES VAPE SMOKE MOVE INTO YOUR LUNGS

eDraw a model on your white board to explain how particles
from the vaper move 1into your lungs.



CELL/PLASMA MEMBRANE
AND TRANSPORT



DIFFUSION (PASSIVE TRANSPORT)

SMALL molecules (like oxygen and carbon dioxide but also lead and other toxic chemicals) move through
the cell membrane by DIFFUSION.

Dye molecules Water molecules

ﬁ / equilibrium
( |
| Z_'.J — LJ




ROOM DEMO



DIFFUSION (PASSIVE TRANSPORT)

SMALL molecules (like oxygen and carbon dioxide but also lead and other toxic chemicals) move through
the cell membrane by DIFFUSION.

DIFFUSION= The MOVEMENT of molecules from a HIGHER concentration to a LOWER
concentration until they reach EQUILIBRIUM (equal/even)
No enerqy ATP required!!

Dye molecules Water molecules

Nl =

by Hai Nguyen




Why is diffusion important?
« Maintain Homeostasis!

Exchanging gases (CO, and O,), minerals, food, and removing waste.
This happens at the cellular level

[Insert a picture of CO, and
O, exchange in blood cells]



LEAD IN £-(16S



WHY LEAD 16 BAD!!

Lead poisoning symptoms in adults
« decreased bone and muscle growth

* poor muscle coordination
« damage to the nervous system, kidneys, and/or hearing
* Reduced sperm count and abnormal sperm

* Miscarriage, stillbirth or premature birth in pregnant women

Lead can says in the body's tissue and bones so it can build up over long periods of time!!

Children younger than 6 years are especially vulnerable to lead poisoning, which can

severely affect mental and physical development



LEAD QUICK WRITE!!]

What Is going to happen to the vaporized
lead once it is inhaled into a person’s
lungs?

Use the vocabulary we just learned!



BALLOON TEST!

® (ETIN PAIRS OF ]
® SMELLYOUR BALLOON
® WHITE BOARD YOUR EXPLANATION

PROBLEM: IF THE SCENT IS INSIDE THE BALLOON
HOW 15 11 GETTING QUT WRILE THE ALR STAYS
INSIDE!




DIFFUSION (PASSIVE TRANSPORT)

Flow

Net Flow

Flow



Why is diffusion important?
« Maintain Homeostasis!

[Insert a picture of diffusion
through cell membrane]



CELL MEMBRANE

CELL MEMBRANE: is a
semipermeable membrane
surrounding the cytoplasm of
the cell. Which means only
certain molecules can ENTER
and EXIT the cell




MID-MODEL REVISTT

With your partner read through the cards and determine
the proper order.




E-C1G AND NICOTINE PROMPT

Read through the prompt.

eUnderline/Highlight any nouns/things mentioned in the
prompt.

@ Circle any reactions to a stimulus
physical responses

Results or changes



DIFFUSTON BOXES PRACTICE



Membrane Proteins



RECEPTOR PROTEINS

eProtein molecule that receives signals from ligands
(hormones) and sends/releases a chemical signal to the 1inside
of the cell

®Embedded in the cell membrane

Grog, a toxin that initiates [Insert a picture of
a cellular response receptor prOtelnS

on cell membrane]



CHANNEL PROTEIN

eProtein that spans the entire lipid bilayer

eThey help move ions and small molecules from one side of the
membrane to the other

USED BY:

oIons [Insert a piCtUre of
oWater channel proteins]



MARKER PROTEIN

®Extends across the cell membrane

eUsed to identify the cell. Immune system uses this to tell a
friendly cell from a dangerous foreign cell

[Insert a picture of
maker proteins]



QUICKWRITE

eWhat does the concept of vaping have to do with diffusion?

eWhy 1s 1t important that our cells are semipermeable?



MEMBRANE DIAGRAM



CELL/PLASMA MEMBRANE
AND TRANSPORT



DIFFUSION (PASSIVE) VS ACTIVE TRANSPORT

®Active 1is moving
particles from a LOWER

to HIGHER

concentration (opposite
of diffusion)

®eTo move things against
the concentration
gradient emnergy (ATP)is
required (diffusion
doesn’t use energy)

+ +
+ +
+ +

+ +

++ +

+ +
+

LOw

+++++++

+ + +
= ++
= ++



EXAMPLE: PROTON PUMP



P HAG 0 (Y.\- O SIS HTTPS: //WWW. YOUTUBE. COM/WATCHTV=]NLULOTURS(

eKnown as “cell eating”

oCell membrane extends outward to bring solid particles into

the cell

lysosome

(am)

Phagocytic vacuole

lysosome

lysosome



https://www.youtube.com/watch?v=JnlULOjUhSQ

PINOCYTOSIS

eKnown as “cell drinking”

eCell membrane sinks inward to bring liquids and very small
particles into the cell; forms bubble-like vesicles inside
the cell !

|

oo ©*° I
o ® | (] 0o o | °
o.... o0 1 o...o 1 o...o..o
SO|Uteoo...oo. : *%, : %%, 0

By Hai Nguyen



EXOCYTOSIS

®2. Known as “cell regurgitation

eThe reverse of pinocytosis, the cell fuses vesicles to the
cell membrane in order to secrete particles



Passive Transport Active Transport

PAS S IV [ VS 1. Does NOT use the cell’'s energy 1. REQUIRES cell to use energy
A (.‘- IV [ 2. Movement from high to low concentration 2. Movement does NOT stop at equilibrium
until equilibrium T o (0 e )

[RANSPORT

3.  Simple diffusion: smaller and uncharged
molecules moving through the lipid 3. Involves H U G E molecules (or many at
bilayer a time), and charged ions
Facilitated diffusion: involves larger and/or
charged molecules and ions moving through a
carrier or channel protein

4. Simple: O?, H,0, lead, CO,, 4. Examples: acetylcholine, dopamine,

Facilitated: Na+, Cl-, sugar



LAAMPLE OF TRANSPORT INSIDE OF YOU BODY

[Insert a picture of
transport inside of
the body]

Normal:

In your nerve cells chemicals get
released through active transport.
Those chemicals cross the
synapse through diffusion.

Nicotine:

floods the gaps and mimics the
acetylcholine but does not come
from your nerves. This tricks your
nerves into not making normal
amounts of acetylcholine.



LAAMPLE OF TRANSPORT INSIDE OF YOU BODY

[Insert a picture of
transport inside of
the body]

Normal:
Acetylcholine is released between
your nerves cells at the synapse.

Acetylcholine controls muscle
reactions BUT also tells your brain
to release dopamine.

The cells release acetylcholine
through active transport.

When you do something you like
(like exercise) you release
acetylcholine then dopamine.
EXAMPLE: Runners High



EXAAMPLE OF TRANSPORT INSIDE OF YOU BODY

[Insert a picture of
transport inside of
the body]

Nicotine:

Moves through your bloodstream
and body passively through
DIFFUSION.

This mimics acetylcholine hitting
the same receptor proteins on the
membrane.

Your nerves then produce more
acetylcholine (why you feel
focused) and brain releases more
dopamine.

Over time the same flood of
dopamine isn’t as pleasurable.
Smoke more to feel good!



HOW WATER CAN KILL YOU!

https://www.youtube.com/watch?v=0QOBAPBGa5SBA



https://www.youtube.com/watch?v=QBAPBGa5SBA

0SMOS1S

eMovement of WATER molecules from higher to
lower concentration across a semi-permeable
membrane.




WATER
molecules
crossing a
semi-
permeable
membrane.

https://www.youtube.com/watch?v=w3 8FSrqgc-I

Flow

Flow

Net Flow


https://www.youtube.com/watch?v=w3_8FSrqc-I

SOLUTES VERSUS SOLVENTS

eSolution: when two substances are being evenly mixed
together.

eSolvent = 1iquid that dissolves a solid.

eSolute = substance being dissolved.



SOLUTIONS

eHypertonic - greater solute concentration

ohttp://www.youtube.com/watch?v=gWkcFU-hHUk

eHypotonic - lesser solute concentration

ohttp://www.youtube.com/watch?v=0YoalzobQmk

eIsotonic - equal concentrations


http://www.youtube.com/watch?v=gWkcFU-hHUk
http://www.youtube.com/watch?v=OYoaLzobQmk

RED BLOOD CELL

Hypertonic Isotonic Hypotonic

‘P P

Source: https://en.wikipedia.org/wiki/Tonicity



https://en.wikipedia.org/wiki/Tonicity

BEAKER QUESTIONS: ARE THE SOLUTIONS TSOTONIC/HYPOTONIC/ RYPERTONIC]

Isotonic Hypotonic Hypertonic

/// o \\\.\\ / i B \\\ //'// o \\_\
/" 90%H,0 /60 % H0 / 82%H,0
0% | A% 8%
\ . solute / . solute

S

/
/ \ / \
3 N /
\ /
. -~ \\ .
= < A// ‘\_\A = ~ o =

90% HQO 70 % HQO 25% 20
10% solute 30% solute 75% solute

CELLS: Will the cells Shrink, Grow, or Stay the Same?



POTATOES, LETTUCE AND £66S

Description (size, how it feels,
soft/stiff)

Recall what you earned about cells
and solutions. What do you think
caused the potato/lettuce to change?

Potato A

Potato B

Lettuce A

Lettuce B




eScience
eCulture
eEconomics
eHistory

ePolitics

PARTS OF THE STAR




Hierarchy of life part 2

Systems Overview Slides



Biological
organization

Atom
Molecule
Macromolecule
Organelles
Cell

Tissue

Organ

Organ System

I‘I‘I‘I‘I.I‘I‘I.I

Organism



Which of the elements (atoms)
on the periodic table might
you find In a human?

1. Carbon

2. Hydrogen
3. Nitrogen
4. Oxygen

5. Phosphorous
6. Sulfur



Living things use the atom CARBON
as the backbone of life!!!

® Molecules get big since Carbon wants to form 4
bonds with other atoms & other C atoms

® Example glucose has 6 carbon molecules
making up the middle structure

® Electron from hydrogen
@ Electron from carbon

glucose

OH OH

imedia.org/wiki/File:Covalent.svg Source: http://www.differencebetween.net/science/health/differencebetween-xylose-and-glucose.



How do your body systems help
maintain homeostasis?

® Your group will be assigned 1 of the 4 important body systems
that help up maintain homeostasis.

® Circulatory

® Endocrine

® Nervous

® Respiratory
® Design a body poster that highlight these important things.
® Organsinvolved and labeled
® Function of how this systems help maintain homeostasis

® Indepth information on how vaping impacts this system

Make your poster as accurate and neat as possible!!



Group up!!!

® Find the people that have the same number uno card as
you. (8, 2, 7, 4) each group will be assigned a dif. Body
system.

® Each person in your group has a different color card. That
color correlates with you job on the poster.

Red= draw the organ system on your poster and label it.

Yellow= How does this system help maintain your body's
homeostasis? Detailed explanation not just 2 sentences.

Blue= How does vaping nicotine impact this systems normal
function of homeostasis? Again detailed not just 2 sentences.

Green=What other systems does this system interact with to
maintain homeostasis and how?

ri2.missouri.edu



