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Conference Room 329

House Committee on Health

To: Representative John Mizuno, Chair
Representative Bertrand Kobayashi, Vice Chair

From: Michael Robinson
Vice President, Government Relations & Community Affairs

Re: Testimony in Support of HB 2507
Relating to Health

My name is Michael Robinson, Vice President, Government Relations & Community
Affairs at Hawai‘i Pacific Health. Hawai‘i Pacific Health is a not-for-profit health care
system comprised of its four medical centers — Kapi‘olani, Pali Momi, Straub and Wilcox
and over 70 locations statewide with a mission of creating a healthier Hawai'i.

| write in support of HB 2507 which prohibits the sale or furnishing to tobacco and
tobacco products, including electronic smoking devices, to persons under the age of 25.

Tobacco use remains the leading cause of preventable disease and death in the United
States and in Hawai‘i. Tobacco use is a serious public health problem in terms of the
human suffering and loss of life it causes, as well as the financial burden it imposes on
society and our healthcare system. All tobacco products, including electronic smoking
devices, severely contribute to the injurious health burdens impacting our state. Annually,
$526,000,000 in health care costs are directly attributed to smoking in the State.

Smoking continues to be a serious problem despite efforts to reverse the smoking
epidemic. Many are turning to the use of electronic smoking devices as a substitute to
cigarettes. The popularity of electronic cigarettes among youth is concerning, as these
products contain nicotine. Research conducted by the University of Hawaii Cancer
Center has shown that the use of electronic smoking devices among school-age children
has risen dramatically in the last few years.

E-cigarette use or vaping among youth and young adults has become a national public
health concern. E-cigarettes are now the most popularly used tobacco product among
youth and young adults, surpassing cigarettes. While smoking rates in Hawaii have
decreased through the years, electronic smoking device (ESD) use has rapidly increased,
threatening significant public health gains through our Tobacco 21 law and tobacco youth
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access laws. This is particularly concerning because e-cigarettes provide a new way to
deliver the addictive drug nicotine. No matter how it is delivered, nicotine exposure can
lead to addiction and harm the developing brain. Studies are also finding that ESDs can
lead to smoking cigarettes for new users, including kids. Marketing strategies by the
tobacco industry and electronic smoking device industry have significantly increased the
introduction and marketing of flavored non-cigarette tobacco products, especially ESDs.
Increasing the minimum age of persons who may purchase tobacco products and
electronic smoking devices to 25 ensures that a greater percentage of our population
would be saved from the harmful effects of smoking and nicotine addiction.

Thank you for the opportunity to testify.
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HB-2507

Submitted on: 2/3/2020 10:23:11 AM
Testimony for HLT on 2/4/2020 8:30:00 AM

Submitted By Organization Test.nfler Present at
Position Hearing
Michael Zehner Hawaii Smokers Oppose No

Alliance

Comments:

If you are going to raise the age, then make it equal to the voting age just to be fair.
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AWAI‘l PRIMARY CARE ASSOCIATION

Testimony to the House Committee on Health
Tuesday, February 4, 2020; 8:30 a.m.
State Capitol, Conference Room 329

RE: HOUSE BILL NO. 2507, RELATING TO HEALTH.

Chair Mizuno, Vice Chair Kobayashi, and Members of the Joint Committee:

The Hawaii Primary Care Association (HPCA) is a 501(c)(3) organization established to advocate
for, expand access to, and sustain high quality care through the statewide network of Community Health
Centers throughout the State of Hawaii. The HPCA SUPPORTS House Bill No. 2507, RELATING TO
HEALTH.

The bill, as received by your Committee, would:

(1) Raise the age to purchase or possess a tobacco product or electronic smoking device from
twenty-one to twenty-five years of age;

(2) Raise the age in which a seller of tobacco products or electronic smoking devices must
check purchaser identification from twenty-seven to thirty-five years of age; and

(3) Increases the fine for violators under the age of twenty-five years of age from $10 to $50
for the first offense, and subsequent offenses from S50 to $100.

By way of background, the HPCA represents Hawaii Federally-Qualified Health Centers (FQHCs).
FQHCs provide desperately needed medical services at the frontlines in rural and underserved
communities. Long considered champions for creating a more sustainable, integrated, and wellness-
oriented system of health, FQHCs provide a more efficient, more effective and more comprehensive
system of healthcare.

FQHCs have long seen first-hand how tobacco has literally destroyed the lives of our patients and
their families. Because of the ubiquity of cigarettes, chewing tobacco, and now electronic smoking
devices, the impacts of tobacco affect our citizenry on a generational basis with people experimenting
at even earlier ages.
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It is for this reason that the HPCA joins the American Cancer Society of Hawaii, the Hawaii Public

Health Institute, and other advocates in strong support of all efforts to rid the marketplace of these
products.

Thank you for the opportunity to testify. Should you have any questions, please do not hesitate
to contact Public Affairs and Policy Director Erik K. Abe at 536-8442, or eabe@hawaiipca.net.
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INSTITUTE

Date: February 2,2020

To: Representative John M. Mizuno, Chair
Representative Bertrand Kobayashi, Vice Chair
Members of the Health Committee

Re: Support for HB 2507, Relating to Health

Hrg: February 4, 2020 at 8:30 am at Conference Room 329

The Coalition for a Tobacco-Free Hawai‘i, a program of the Hawai'i
Public Health Institute’ Supports HB 2507, which would raise the
minimum age to purchase tobacco products to 25.

Raising the age of sale of tobacco products to 25 will prevent the
initiation of tobacco use among youth and young adults.

According to the US Surgeon General’s report in 2012, 99% of all adult
smokers start smoking before the age of 26, and progression from
occasional to daily smoking usually occurs by age 26." The data strongly
suggests that if someone is not a regular tobacco user by 25 years of
age, it is highly unlikely they will become one. Brain development
continues until age 25, in particular the parts of the brain responsible for
decision-making and impulse control. Delaying the age that youth and
young adults begin using tobacco will reduce the risk that they will
become regular smokers as they get older, leading to lower prevalence
rates and saving millions of dollars in health care costs./ Risk for
smoking-caused diseases increases depending on how long the person
smokes, and smokers who start at a young age are among the heaviest
users.” Tobacco use causes $132 billion in health care costs in the US
each yearY, including $526 million the State of Hawai‘i." The measure is
expected to reduce these health risks and costs.

Studies of tobacco industry documents also suggest that young adults
are targeted in tobacco promotions, such as marketing tobacco in bar
settings and with alcohol consumption. These tactics can encourage
young adults to start smoking or transition from occasional to regular
smokers."i

Institute of Medicine Report

A scientific report issued by the Institute of Medicine (IOM) concludes
that increasing the age of sale for tobacco products to 25 will have a
positive impact on public health. Raising the minimum legal age to
purchase tobacco products would add 5.7 million more years of life to
the next generation of American adults, 330,000 fewer premature



deaths, and 59,000 fewer deaths from lung cancer by 2100."ii Predicted smoking prevalence
would decrease by 16% with the minimum age set at 25.

The Coalition supports HB 2507 and asks the committee to pass this measure. Thank you for
the opportunity to provide testimony.

Mahalo,

it it
Nt (.x

Jessica Yamauchi, MA
Executive Director

iThe Coalition for a Tobacco-Free Hawai'i (Coalition) is a program of the Hawai‘i Public Health Institute (HIPHI) that is
dedicated to reducing tobacco use through education, policy, and advocacy. With more than two decades of history in
Hawai'i, the Coalition has led several campaigns on enacting smoke-free environments, including being the first state in
the nation to prohibit the sale of tobacco and electronic smoking devices to purchasers under 21 years of age.

The Hawai'‘i Public Health Institute is a hub for building healthy communities, providing issue-based advocacy,
education, and technical assistance through partnerships with government, academia, foundations, business, and
community-based organizations.

i U.S. Department of Health and Human Services. Preventing Tobacco Use Among Youth and Young Adults: A Report of
the Surgeon General. Atlanta, GA: U.S. Department of Health and Human Services, Centers for Disease Control and
Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and Health,
2012.

il https://www.tobaccofreekids.org/assets/factsheets/0127.pdf

v https://www.tobaccofreekids.org/assets/factsheets/0127.pdf

v Campaign for Tobacco-Free Kids, Toll of Tobacco in the USA
vi Campaign for Tobacco-Free Kids, The Toll of Tobacco in Hawaii.

Vil Ling, P. M., & Glantz, S. A. (2002). Why and how the tobacco industry sells cigarettes to young adults: evidence from
industry documents. American journal of public health, 92(6), 908-916. doi:10.2105/ajph.92.6.908

viil Committee on the Public Health Implications of Raising the Minimum Age for Purchasing Tobacco Products; Board on
Population Health and Public Health Practice; Institute of Medicine; Bonnie RJ, Stratton K, Kwan LY, editors. Public
Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products. Washington (DC): National
Academies Press (US); 2015 Jul 23. Available from: https://www.ncbi.nlm.nih.gov/books/NBK310412/ doi:
10.17226/18997
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HAWAII FOOD INDUSTRY ASSOCIATION

1050 Bishop St. PMB 235 | Honolulu, HI 96813
P: 808-533-1292 | e: info@hawaiifood.com

Executive Officers

Joe Carter, Coca-Cola Bottling of Hawaii, Chair
Charlie Gustafson, Tamura Super Market, Vice Chair
Eddie Asato, The Pint Size Corp., Secretary/Treas.
Lauren Zirbel, HFIA, Executive Director

John Schlif, Rainbow Sales and Marketing, Advisor
Stan Brown, Acosta Sales & Marketing, Advisor
Paul Kosasa, ABC Stores, Advisor

Derek Kurisu, KTA Superstores, Advisor

Beau Oshiro, C&S Wholesale Grocers, Advisor
Toby Taniguchi, KTA Superstores, Advisor

TO:

Committee on Health

Rep. John M. Mizuno, Chair

Rep. Bertrand Kobayashi, Vice Chair

FROM: HAWAII FOOD INDUSTRY ASSOCIATION

Lauren Zirbel, Executive Director
DATE: February 4, 2020

TIME: 8:30am
PLACE: Conference Room 329

RE: HB2507 Relating to Health

Position: Oppose

The Hawaii Food Industry Association is comprised of two hundred member companies
representing retailers, suppliers, producers, and distributors of food and beverage related

products in the State of Hawaii.

State and Federal laws already prohibit the purchase of tobacco products by those under 21

years of age. There is no legal precedent at either the state or federal level for prohibiting
adults under the age of 25 from using certain products. Tobacco products are Federally

regulated. Creating state laws that conflict with Federal laws on these products is unnecessary
and will create enforcement difficulties. We ask that this measure be held and we thank you for

the opportunity to testify.



HB-2507
Submitted on: 2/1/2020 11:34:35 AM
Testimony for HLT on 2/4/2020 8:30:00 AM

Submitted By Organization Test'nfler Present at
Position Hearing
| Chris Cooper || Individual || Oppose || No
Comments:

E-vapor flavor doesn't harm anyone. Don't ban the flavors people like.



HB-2507
Submitted on: 2/1/2020 11:47:16 AM
Testimony for HLT on 2/4/2020 8:30:00 AM

: L Testifier Present at
Submitted By Organization Position Hearing
| Cindy Nettles || Individual || Oppose || No

Comments:



HB-2507
Submitted on: 2/1/2020 1:46:02 PM
Testimony for HLT on 2/4/2020 8:30:00 AM

Submitted By Organization ;E::':r: PLZSa?mgat
| Alex Abe || Individual || Oppose || No
Comments:

I'm Alex and | srongly oppose this bill!



HB-2507
Submitted on: 2/1/2020 5:50:41 PM
Testimony for HLT on 2/4/2020 8:30:00 AM

: L Testifier Present at
Submitted By Organization Position Hearing
| Kathy Kim || Individual || Oppose || No

Comments:



HB-2507
Submitted on: 2/2/2020 10:26:13 AM
Testimony for HLT on 2/4/2020 8:30:00 AM

. s Testifier Present at
Submitted By Organization Position Hearing
| Anthony Orozco || Individual || Oppose || No

Comments:



HB-2507
Submitted on: 2/2/2020 1:23:30 PM
Testimony for HLT on 2/4/2020 8:30:00 AM

Submitted By Organization ;E::':r: PLZSa?mgat
| Kimo Cruz || Individual || Oppose || Yes

Comments:



HB-2507
Submitted on: 2/2/2020 10:46:32 PM
Testimony for HLT on 2/4/2020 8:30:00 AM

: L Testifier Present at
Submitted By Organization Position Hearing
| Bryan Mih || Individual || Support || No |
Comments:

Dear Representatives:

As a pediatrician and medical director of the Kapi’olani Smokefree Families Program, |
strongly support this bill.

We have known of the adverse effects of tobacco smoking for a long time, and that
almost all smokers start their use when they are young. The brain has been found to
continue to develop until the mid-20s. Nicotine is a highly addictive drug that impacts
the developing brain.

The U.S Surgeon General's Report in 2016 reported that nicotine has the following
effects:

Adversely affects brain development until mid-20s.

Disrupts the development of brain circuits that control attention and learning
Makes it harder to control impulses.

Leads to permanent lowering of impulse control

Learning and cognitive deficits

Mood disorders

Affects the development of the brain’s reward system, making the brain more
susceptible to addiction to other drugs such as cocaine and methamphetamine

A ban on tobacco and nicotine use until age 25 years is reasonable to reduce the
adverse health effects. Big Tobacco is a multi-billion-dollar industry that seeks to trade
people’s health for the industry’s profit margins.

Once young people are addicted to nicotine, it is extremely difficult to quit. By reducing
access to these products in Hawaii, we have the chance to improve the health of many,
especially of our young people.

On behalf of the health and well-being of the people of Hawaii, | urge you to support this
bill.



Mahalo for your consideration and support of this important measure.

Sincerely,
Bryan Mih, MD, MPH, FAAP

Pediatrician
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Jenniter Azuma Individual Support No
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Comments:
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It is little, my lad, but it’s terribly bad,

The vile old Cigarette.
And without any joking, there’s danger in smoking
The vile old Cigarette
It adds to expenses and lessens the senses,
It only brings grief and regret;
Then let us endeavor to shun it forever,
The vile old Cigarette

(Anti-Cigarette League (1912))
That was written over 100 years ago! What happened?

“The cigarette today is the most vilified product available legally in the
United States, blamed for causing the premature deaths of more than
400,000 Americans a year, banned from most public buildings, besieged
in the courts, and subject to increasing restrictions on advertising,
promotion and sales. Nonetheless, one out of four adults continues to
smoke, a figure that has remained virtually unchanged since 1989.”
(Wall Street Journal, June 23, 1997)

Again, what happened?

State Cigarette Prohibition Laws

(In order of adoption)

1. Washington state: Sale and manufacture of cigarettes banned in 1893; repealed 1895;
reenacted 1907; sale manufacture and possession banned 1909; repealed 1911.

2. North Dakota: Sale banned 1895; repealed 1925.
3. lowa: Sale and manufacture banned 1896; repealed 1921.

4. Tennessee: sale and giving away of cigarettes banned 1897; repealed 1919
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(The U.S. Supreme court upheld this ban in Austin v State of Tennessee, 179 US343 (19
Nov 1900) and resolved the issue of whether commerce clause preempts state cigarette
ban — it did NOT preempt the ban.)

5. Oklahoma: sale and giving away of cigarettes banned 1901; repealed 1919.
6. Indiana: Sale, manufacture, and possession banned 1905; repealed 1909.

7. Wisconsin: Sale, manufacture, and giving away of cigarettes banned 1905; repealed
1915.

8. Arkansas: Sale and manufacture banned 1907; repealed 1921.

9. Illinois: Sale and manufacture banned 1907; law declared unconstitutional by Illinois
Supreme Court six months after enactment, but formally repealed until 1967.

10. Nebraska: Sale, manufacture, and giving away of cigarettes banned 1909; repealed
1919;

11. Kansas: Sale banned 1909; law amended to ban advertising and possession as well as
sale in 1917; repealed 1927.

12. Minnesota: Sale and manufacture banned 1909; repealed 1913.

13. South Dakota: Sale, manufacture and giving away of cigarettes banned 1909; repealed
1917.

14. Idaho: Sale of cigarettes banned and then legalized by the same session of the
legislature, 1921.

15. Utah: sale and advertising banned, 1921; repealed 1923.

What happened? Why did we cave in to the Tobacco Industry?



“It has been said that the true measure of any society can
be found in how it treats its most vulnerable members”

| would say that some of the most vulnerable and victimized members of our
current society are those that are affected by the scourge of the tobacco industry.

We have a great concern about teenage brains being affected by nicotine either
from combustible cigarettes or vaping (which may have even higher nicotine than
cigarettes) and is currently causing an epidemic in teenagers.

However, it is pregnant women, their unborn(fetuses) and newborn babies (SIDS
deaths from nicotine) that are the MOST vulnerable and largely unacknowledged
victims of the tobacco industry. (See Health Risk to “Cigarette Babies” is
Neglected; Theodore Slotkin)

We know full well how horrible combustible cigarettes are. Robert Proctor, Ph.D.
has said that the cigarette is the deadliest object of modern civilization.

We know the many ways it kills people, the many ways it harms and disables
people, and we know how addictive and habituating cigarettes are.

We also know that as legislators we have the power to stop this monstrous habit.

Our country has recently shown some progress, but it is not enough. We no
longer allow children to smoke. We first had a federal ban on selling cigarettes to
minors (age 18) in 2009. Our state, Hawaii, was the first, effective 2016, to make
21 the minimum age of sale of combustible cigarettes and vaping devices. Other
states followed, and the federal government recently enacted the 21 age of
minimum sale for both smoking and vaping at the end of 2019.

My hope is that our state will be the first to raise the minimum age of both
smoking and vaping to 25 as proposed in this bill.

The most vulnerable and innocent population of those damaged by nicotine in
cigarette smoke or in nicotine by vaping are fetuses and newborn babies.

Of importance is that Hawaii was the first state to ban the pesticide chlorpyrifos
which causes severe damage to fetal brains. A neuroscientist at Duke University,



Theodore Slotkin has shown that nicotine and chlorpyrifos have similar severe
effects on the brain alone or what is worse, in combination.

A report of his work states:

“The medical community, government have neglected unequivocal scientific
evidence that nicotine from maternal smoking causes possibly 100,000 fetal
deaths each year as well as massive numbers of crib deaths, according to a Duke
University Medical Center pharmacologist (Dr. Theodore Slotkin).

Also neglected are the severe neurological problems in “cigarette babies” of
smoking pregnant women.

This neglect comes despite the widespread, chronic use of nicotine by one-fourth
of pregnant women (it is fortunately much less in Hawaii but still a serious
problem that needs to be addressed).

“Animal studies have revealed that nicotine, and hence smoking during
pregnancy, inflicts serious damage on the fetus even at nicotine levels too low to
cause the accepted sign of damage — low birth weight, said Slotkin.”

“Maternal smoking during pregnancy kills between tens of thousands and
possibly over a hundred thousand babies each year in utero” he said in an
interview. “It also results in tens of thousands of admissions to intensive care
units after birth and kills or brain-damages more during the birth process.
Smoking is also responsible for one-third to two-thirds of all cases of Sudden
Infant Death Syndrome (SIDS).”

“And none of these figures takes into account the enormous increase in learning
disabilities, attention deficit and hyperactivity and other behavioral problems (e.g.

autism spectrum disorders) that we know are part of the of the outcome of
maternal smoking.”

“To me, the denouement of our neglect of cigarette smoking as a source of
damage to children came during the recent Congressional hearings on tobacco
company policies and the potential for the FDA to regulate cigarettes as a nicotine
delivery device (it should be noted that the most popular vaping devices deliver a
higher dose to the mother and fetus than combustible cigarettes) Not once in
those hearings did the issue of maternal smoking or children’s health get raised.



And yet to me and to other people in the field, this is potentially the most
damaging event in our society caused by tobacco abuse.”

Slotkin hopes the media will give tobacco its proper attention as a substance
hazardous to children, both unborn and born.

“Given that this is not a case where someone is simply damaging their own bodies
and is aware of it, but instead is damaging someone else’s entire future, | fail to
understand why there aren’t articles, headlines, magazine covers, or presidential
statements targeting cigarette smoking (and vaping) in pregnancy. It's something
that we stand a reasonable chance of influencing with publicity.”

Slotkin has also published a paper entitled “Developmental Cholinotoxicants:
Nicotine and Chlorpyrifos” where he showed the mechanism and extent of brain
damage in fetuses from these two chemicals is similar.

We were the first state to have banned chlorpyrifos to protect babies and
children’s brains, but the number of unborn and born babies damaged by nicotine
is likely to be massively greater than the number damaged by chlorpyrifos
because of the continued intermittent exposure day in and day out from smoking

(or vaping). The effects are as if the mother is spraying her fetuses’ brain with a
pesticide 20 times per day!

We cannot ban cigarettes just for pregnant women, or for all women of
childbearing age. We must ban cigarettes for all individuals in the age range of

procreation and childbearing, and eventually for all ages of addicted lifelong
smokers.

We can get a start by taking the Institute of Medicines recommendation to raise
the minimum age of sale of cigarettes to 25. We could be a beacon for the rest of
the country. We were the first to go to 21. We were the first to recognize and
ban the related neurotoxicant chlorpyrifos. We should be the first to protect the
developing brains of those in their early twenties and the pregnant women and
their babies of women in this age group which often has unintended and
unrecognized pregnancies. Under 25 is the age when the first child is often born,

and the age when health care during pregnancy may not be a priority because of
socioeconomic factors.



How can young men insist on their “right to smoke” when that nonexistent
“right” results in the deaths and disability of thousands of unborn and born babies
and often death and disability to the mothers as well?

As was cited in the New England Journal article on January 24, 2013: “Because
smoking has become a stigmatized behavior concentrated among persons of low
social status, it risks becoming invisible to those who set health policies and
research priorities. Yet, the need for greater attention to the policies known to
reduce the prevalence of smoking (such as raising the minimum age of sale
further to 21 and hopefully now to 25) remains urgent. As former Australian
Health Minister Nicola Roton has said, “We are killing people by not acting.
NEJM, January 24, 2013”

Let us help stop this needless slaughter of the innocent from prenatal exposure to
nicotine from either combustible cigarettes or vaping, or too often, both. Stop
mothers from finding their babies dead in their cribs from their smoking during
their pregnancy. Stop the madness of allowing cigarettes and vaping devices that
provide even higher levels of nicotine to be sold in our state.

A recent paper (2015) by Melissa Suter and colleagues asked, “Is There Evidence
of Potential Harm of Electronic Cigarette Use in Pregnancy?”

They stated, “As the prevalence and incident use of electronic cigarettes
continues to increase among reproductive age women and understanding of their
risks during pregnancy becomes a pressing need in the public health arena”. After
reviewing the recent research, they conclude “Based on the evidence currently
available, we summarily conclude that NO amount of nicotine is known to be safe
during pregnancy.”

We have sadly become complacent as our poorer brothers and sisters, and their

sons and daughters continue to die, to suffer lifelong disabilities, and to suffer
limited lives or early deaths.

We must stop the “Merchants of Death”. In the foreword to the book of that
name written in 1988 by Larry White about the American tobacco industry, C.
Everett Koop, the U.S. Surgeon General praises the book for helping America to
reach its goal of eradicating the cigarette by the year 2000. Sadly, in 1998 the
Master Settlement Agreement, while reaping a windfall of cash for the states,



abandoned the goal of eradication and locked the states into a “profit-sharing”
agreement that ensured that Big Tobacco and cigarettes would not only survive
but thrive, and it is still thriving and people are still becoming addicted and dying.

We must stop profit-sharing as a state with the “merchants of death” and stop
becoming as states, through our settlement monies and even worse our tobacco
excise taxes merchants of death ourselves.

We can take the next step as a state and take the Institutes of Medicines
suggestion and raise the minimum age of sale of combustible cigarettes to 25 and
acknowledge the advice of others to include nicotine vaping devices. We must
stop not only the old “merchants of death” through combustible cigarettes, but
preemptively stop the new “merchants of death” (the vaping industry) before
they kill more babies and mothers under the guise of protecting them. It should
be noted that the glossy full-page ads for vaping devices, while warning that these
devices contain nicotine an addicting substance do NOT have any warnings for
unsuspecting pregnant women who might think they are safe.

Income inequality and social justice

Our House majority caucus wants to address income inequality this session. It
should be noted that currently cigarettes are predominantly used by the lower
economic strata of our society in our state. Those groups need all the assistance
they can reasonably receive to succeed. They should not have to tolerate the

brain and other organ damage to all the children of smoking mothers that we
know is inevitably occurring.

My father and many of his generation were chain smokers, and he at times
smoked two to three packs per day. Fortunately, he stopped shortly after he
reached the age of forty. The New England Journal of Medicine articles on
smoking in the January 13, 2013 issue point out convincingly that those
individuals who quit by the age of 30-35 had an almost normal life expectancy,
and those who quit between 35 and 44 lost only about one year of life expectancy
compared to the ten years lost by a life-long heavy smoker.

Thus, a large group of current smokers can be saved if we make it difficult for
them to buy cigarettes. Unfortunately, if they substitute vaping for smoking, the



nicotine alone will continue to kill them, albeit at slower rates. They would still
incur the unneeded costs of that vaping.

My father quit smoking cold turkey in his early forties shortly after the birth of his
seventh child and he is now 101 years old with no lethal health problems and no
lung or brain disabilities. My mother, who smoked much less heavily, but whose
vaping persisted into her sixties, eventually died of smoking caused emphysema
at the age of 81.

At current levels of almost $10.00 per pack of cigarettes in Hawaii (and there is
pressure to increase that cost even higher) a pack per day smoker would spend
$3600. per year. | suspect their few chain smokers any more as three packs a day
would cost over $10,000. per year. If those pack-a-day smokers stop, they would
get to keep all that money tax free. For those in our minimum age brackets that is
a huge sum, and one that we as a society are very unlikely to grant them
otherwise.

The excise tax collected on cigarettes by the state of Hawaii in 2019 was
$112,500,000. Using the figure of $3.20 of excise tax per pack the total cost of
cigarettes to our adult Hawaii smokers was $351,562,000. That is a lot of money
that would stay with those smokers if they no longer smoked. If those figures did
not decrease (and they would likely decrease unless we succumbed to punitively
raising the excise taxes even higher) our state would have to make up most of
that $112 million from other sources, and that is why | am proposing that we
consider starting or joining a lottery to make up that amount which currently
supports important programs as well as providing $70 million to our general fund
(but only a few million to smoking cessation efforts). It would also provide our
small retailers with a replacement product to sell to replace cigarettes (a product
that while considered regressive is less regressive in my view than cigarette excise
taxes, and also a product that does not kill people and make the retailers
“merchants of death). The Master Tobacco Settlement of 1998 money is based
on national cigarette sale levels and would decrease very little from the current
figure of about $30 million dollars even if all cigarette sales ceased in Hawaii.

Smoking related health care costs were in 2019 an estimated $526 million per
year. If smoking were ended in Hawaii that figure would go down slowly due to
delayed cancer and other diseases related to past smoking. While the rate of lung



cancer decreased by a record more than 2% last year if should be noted that lung
cancer is still the most common type of cancer and in Hawaii that almost is almost
all caused by cigarettes. If vaping replaced smoking it would have its own large
health costs, albeit less than the costs of continued smoking.

Smoking related losses in productivity were estimated to be $387.3 million per
year in 2019 but that figure would decrease over time, lacking new smokers.
Heart attacks, strokes and smoking related infections would be considerably less
with time, as long as vaping of nicotine, which can cause heart attacks, strokes,
and loss of limbs, was also banned.

Ending smoking would be significantly beneficial economically and of course
would be hugely significant to the long-term health of state residents. Everyone
would of course die eventually, but far fewer would die horrible deaths from lung
and other smoking related cancers or die gasping for breath from COPD.

Our teenager and young adult brains would be protected from smoking and
hopefully from vaping which would in the absence of smoking be of no benefit.

Pregnant women who might otherwise smoke or vape would be protected, as
would the brains of ALL their fetuses. The fraction of SIDS (or SUID) deaths
attributed to smoking would disappear. A paper last year confirmed that over a
qguarter of all SIDS deaths (deaths often long after normal births) were due to
brain injury caused by nicotine in the prenatal period. | contacted the principal
author of that paper and she confirmed that the damage was from nicotine and
although the nicotine in her study came from combustible cigarettes it is likely
that the nicotine from vaping would likely continue to cause or possibly even
increase the number of SIDS deaths due to the higher nicotine content in vaping
devices.

We have a suicide problem in our state. But smoking is essentially slow suicide
and may contribute to problems that would precipitate a fast suicide. In my view,
if we don’t act as legislators to stop this curse, we are accessories to those deaths.

Stop the “merchants of death”. Let us finally put a stake in the heart of the
tobacco industry and make Hawaii a beacon of hope for the rest of the nation and
the world.

What are the objections to this course?



We have those who claim that ending smoking is infringing on their civil liberties.
No one has a constitutional right to smoke, and they have no right in my view to a
deadly privilege that puts the rest of society at risk.

To those who say that bans do not work, that there would be massive smoking as
in prohibition | say it is highly unlikely in our remote state. The agencies
responsible for controlling smoking tell me that there is little smuggling now and
they would expect little smuggling to develop.

What is long forgotten is that at the end of the 19" and beginning of the 20"
century there were 15 states that totally banned cigarettes and those bans were
allowed by state courts and even the United States Supreme Court. There is no
constitutional right to smoke (or to vape). Those bans failed because of massive
efforts and money from the tobacco industry which gradually overcame them.
Even in most states that did not ban them the minimum age of sale was often 21
until, again, there was massive spending and bribing of legislatures. Sadly, that
massive spending and bribery continues today.

When we look at the past it is frightening how pernicious and powerful the
tobacco industry was and still is. Some books that recount that ugly history are
“Golden Holocaust” by Robert Proctor published in 2012, “Cigarette Wars: The
triumph of “The Little White Soldier” published by Cassandra Tate in 1999, and
“Merchants of Death: The American Tobacco Industry” published by Larry C.
White in 1988 with a foreword by C. Everett Koop, M.D. the U.S. Surgeon General.

“Merchants of Death” provides excellent documentation of the ongoing efforts of
the tobacco manufactures to evade justice in the courts of law and in this
country’s legislative bodies. We should consider its title in understanding how the
“merchants of death” are still thriving, and how we as legislators have become
enablers and arguably participants in the ongoing slaughter of our own
constituents.

Some ethical retailers such as CVS and Target have stopped selling these death
dealing products. The Pope and the Vatican finally stopped selling cigarettes in
2018 saying “the Holy See cannot contribute to an activity that clearly damages
the health of people”. Our small retailers still come to our Capitol to protest our
legislative attempts to save people’s lives from this ongoing abomination of a
business that eventually and foreseeably kills half of its customers.
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Even back in 1988, smoking was identified as today as THE preventable cause of
death in our society. That is still, sadly, the case today over 30 years later. C.
Everett Koop, M.D. the U.S. Surgeon General served from 1982 to 1989 and
issued a report in 1986 which stated that secondhand smoke had been
conclusively proven to cause cancer. That report started a wave of actions to limit
exposure to second-hand smoke. Koop wrote the foreword to “Merchants of
Death” and stated “We need an informed public that understands the political
and economic dimensions of this twentieth-century plague. Comprehensive
reviews and analysis of the total problem are necessary for us to create this
smoke-free society by the year 2000. This book, (Merchants of Death) because it
tells the truth, is likely to be dangerous to the health of the tobacco industry.”

It is now 20 long years from the year 2000. Cigarettes are still hugely profitable,
and our state and all our states and our nation are now sharing in the profits of
the tobacco industry. Vaping is now raising its ugly head, and many are proposing
that we as states should share in the profits of that lethal and even MORE
addicting addition to the tobacco industry instead of finally driving a stake in the
heart of the tobacco industry.

We as legislators need to not listen to the myths of “bans don’t work”, and
“remember prohibition”, and “consider the right of the individual” and “how can
we dishonor our returning soldiers who put their lives on the line by taking their
cigarettes away.” (that last ignores the fact that all services are tobacco free
during basic training — all military trainees go “cold turkey” for 12 weeks). Those
are the tropes and memes of the still very well heeled and deep pocketed tobacco
industry and their pervasive and influential lobbyists. We need to buckle down
and stop killing people, stop killing pregnant women, stop killing and disabling the
children who are our future.

It only takes 26 votes in the House, 13 in the Senate and one governor to turn this
around. That is our job. Let’s do it.

Our sad history of government “profit sharing” with the tobacco industry

The Tobacco Master Settlement Agreement (MSA) was entered into in November
1998. In the MSA, the original participating manufacturers (OPM) agreed to pay a
minimum of $206 billion over the first 25 years of the agreement. There were
many other aspects to this settlement, but it basically was intended to
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compensate the state for some of the medical costs of caring for persons with
smoking-related illnesses. In the MSA, the original participating manufacturers
(OPM) agreed to pay a minimum of $206 billion over the first 25 years of the
agreement.

This has been viewed as a Faustian bargain (or a deal with the devil of the tobacco
industry). The manufacture and sale of cigarettes would continue. Only a
minimum part of the settlement funds was used to convince or aid smokers in
quitting. The settlement appeared to be a cash cow for the settling states and the
tobacco company were given a retrieve and allowed to pursue their course of
manufacturing and selling cigarettes.

In addition, most states started to impose excise taxes on cigarettes with greatly
different rates contributing to smuggling from low tax states to high tax states
such as New York. Hawaii, per reports from various agencies, does not have a
significant smuggling problem despite a high excise tax. The tax may be
somewhat effective, but it disproportionately affects lower income segments, and
does little to protect pregnant mothers and their innocent babies. Given the cost
of the taxes it may limit mothers nutrition and actually damage the fetuses more.

In a study conducted on behalf of the New York State department of Health it
revealed that low-income smokers (those in households making under $30,000),
spent an average of 23.6% of their household income on cigarettes, compared to
2.2% for smokers in households making over $60,000.

While the price of cigarettes has continuously increased since 1965, the
percentage of that price going towards taxes is now half of what it was then. As
of 2011, Philip Morris list total government revenue, including federal, state and
local and sales taxes as 55% of the estimated retail price of a pack of cigarettes in
the US.

So, the tobacco companies were bringing in more money and the poor were
disproportionately paying that money; and the health problems continued, albeit
with a lower portion of the population still smoking. In my view it is time to lower
the cost of living in Hawaii by getting rid of cigarettes (AND vaping) which will help
the overall health and decrease the money wasted on cigarettes and vaping.
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Developmental Cholinotoxicants: Nicotine and Chlorpyrifos

Theodore A. Stotkin

Department of Pharmacology & Cancer Biology, Duke University Medical Center, Durham, North Carolina
Environmental Health Perspectives, Vol 107, Supplement 1. February 1999

The stimulation of cholinergic receptors in target cells during a critical developmental period provides signals that influence cell
replication and differentiation. Accordingly, environmental agents that promote cholinergic activity evoke neurodevelopmental
damage because of the inappropriate timing or intensity of stimulation. Nicotine evokes mitotic arrest in brain cells possessing high
concentrations of nicotinic cholinergic receptors. In addition, the cholinergic overstimulation programs the expression of genes that
evoke apoptosis and delayed cell loss.

Chlorpyrifos elicits damage by both non-cholinergic and cholinergic mechanisms extending from early stages of neural cell
replication through late stages of axonogenesis and terminal differentiation. Accordingly, the window of developmental vulnerability
to chlorpyrifos is likely to extend from the embryonic period into postnatal life. Environ Health Perpect 107 (Suppl 1);71-80 (1999).

Thus, unlike classical teratology, in which the first trimester of fetal development is the most sensitive target for adverse effects of
drugs or chemicals, brain development is likely to be affected by exposures ranging from the early embryonic stage through
adolescence (5). This review will focus on disruption of brain development elicited by agents targeting cholinergic transmission. Two
of the most widespread chemical assaults on the fetus are cholinergic: nicotine, a direct cholinergic agonist delivered by maternal
cigarette smoking, and insecticides,

Nicotine: Prototypic Cholinotoxicant

The largest toxic assault on fetal development is provided by maternal cigarette smoking, which involves approximately one-fourth
of all pregnancies in the United States (13,14). Epidemiologic studies have established the tragic results: tens of thousands of
spontaneous abortions and neonatal intensive care unit admissions annually, thousands of perinatal deaths and deaths from Sudden
Infant Death Syndrome (crib death), and substantially increased incidence of learning disabilities, behavioral problems, and attention
deficit/hyperactivity disorder (14-20).

We also identified a second mechanism for cell deficits caused by nicotine exposure (10): inhibition of DNA synthesis (Figure 3).
Administration of even a single dose of nicotine to pregnant or neonatal rats elicits a precipitous and persistent (several hours long)
decline in DNA synthesis, with specific targeting of brain regions with the highest concentrations of nicotinic cholinergic receptors.

Thus, fetal exposure to nicotine has lasting adverse effects on synaptic performance, effects that may not emerge fully until
adolescence. We have also identified numerous adverse effects of prenatal nicotine exposure on postsynaptic signaling mechanisms,
all of which are potential participants in neurobehavioral abnormalities.

Conclusions and Future Directions

Drugs or chemicals that target cholinergic neurotransmission probably represent the largest source of neurobehavioral
teratogenesis. Nicotine exposure involves one-fourth of all pregnancies in the United States, and exposure to insecticides that target
cholinesterase is ubiquitous.

We have shown that nicotine damages the developing brain at concentrations achieved in moderate smokers or with nicotine
replacement therapies such as the transdermal patch. The sequelae of maternal smoking are already well established (14) and
include high rated of miscarriage, fetal death, intrauterine growth retardation, deaths in the postnatal period, and behavioral and
learning disturbances. The finding that a specific substance in tobacco (nicotine) is a major contributor to adverse outcomes
provides the first definitive proof that tobacco is a direct cause of these problems.

Finally, it should not be overlooked that unlike standard teratogens, agents that target specific cell populations in the nervous
system rather than general organogenesis, can be expected to have adverse effects that extent to the final stages of development:
childhood and adolescence.



Developmental Cholinotoxicants: Nicotine and Chlorpyrifos

Theodore A. Slotkin

Department of Pharmacology & Cancer Biology, Duke University Medical Center, Durham, North Carolina

The stimulation of cholinergic receptors in target cells during a critical developmental period
agents that promote cholinergic activity evoke neurodevelopmental damage because of the
inappropriate timing or intensity of stimulation. Nicotine evokes mitotic arrest in brain cells
possessing high concentrations of nicotinic cholinergic receptors. in addition, the cholinergic
overstimulation programs the expression of genes that evoke apoptosis and delayed cell loss.
Effects of cholinesterase inhibitors exhibit many similarities to those of nicotine. Chlorpyrifos
administered to developing rats in doses that do not evoke signs of overt toxicity decreased DNA
synthesis and caused shortfalis in cell numbers in brain regions enriched in cholinergic
innervation. In embryo cultures, chlomyrifos also evoked apoptosis during neurulation. However,
chlorpyrifos also evokes noncholinergic disruption of cell development by interfering with cell
signaling via adenylyl cyclase, ieading to widespread disruption that is not limited to cholinergic
systems. We have tested this hypothesis in vitro with PC12 cells, which lack the enzymes
necessary to produce chlorpyrifos oxon, the metabolite that inhibits cholinesterase. Chlorpyrifos
inhibited DNA synthesis in undifferentiated PC12 cells, which have relatively few cholinergic
receptors. Furthermore, chlorpyrifos was more effective than nicotine and its effects were not
blocked by cholinergic antagonists. When cells were allowed to differentiate in the presence of
chlorpyrifos, cell replication was inhibited even more profoundly and cell acquisition was arrested.
At hlghef concentrations, chlorpyrifos also inhibited neuritic outgrowth. Thus, chiorpyrifos elicits
damage by both noncholinergic and cholinergic mechanisms extending from early stages of
neural cell replication through late stages of axonogenesis and terminal differentiation.
Accordingly, the window of developmental vuinerability to chiomyrifos is likely to extend from the
embryonic period into postnatal life. — Environ Health Perspect 107(Supp! 1):71-80 (1899).
http./fehpnet!.niehs.nih.gov/docs/1989/Suppl-1/7 1-80slotkin/abstract htrmi

Key words: adenylyl cyclase, apoptosis, chlorpyrifos, cholinergic neurctoxicants, DNA
synthesis, nicotine

Neurotransmitters as
Trophic Factors

this period, receptor stimulation uniquely
communicates with the genes that control
cell differentiation, changing the ultimarte

Nearly four decades ago, Buznikov (7,2)
demonstrated that neurotransmitters were
present in high concentrations during spe-
cific phases of carly development in sea
urchin embryos, unrelated to their func-
tion in synaptic communication. Subse-
quently, transient expression of these
substances and their specific receptors has
been identified during ontogeny of the
mammalian nervous system, and it is now
certain that transmitters play essential
roles in the cellular and architecrural
development of the brain (3,4). During
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fate of the cell (Figure 1). As these
changes are nort typical for the mature
nervous system, the ontogenetic state of
the targer cell is critical in determining
whether the outcome of receptor stimula-
ton is an effect on cell replicartion, differ-
entiation, growth, death (apoptosis), or
“learning,” that is, determining the furure
set-point for responsiveness of the cell. At
the same time, these multiple roles create
a wide window of vulnerability in which
exposure of the brain to neuroactive
chemicals that elicit or block neurotrans-
mitter responses can alter dcvclopmcnt

Thus, unlike classical teratology, in which

the first trimester of fetal development is

ing from the early embryonic stage
through (5).

This review will focus on disruption of
brain development elicited by agents
targeting cholinergic transmission. Two of
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are nicotine, a
d:&naic delivered by maternal
and insecticides, which

cnhanoc cholinergic effects through inhibi-
tion of cholinesterase, the enzyme that
hydrolyzes acetylcholine. A focus on
cholinergic mechanisms is also appropriate
given the critical role played by acetyl-
choline in brain maruration. Cholinergic
stimulation is essential for establishment of
cerebrocortical cytoarchitecture, and even
transient interference with cholinergic
input during development produces per-
manent structural and behavioral damage
(6-8). Similarly, cholinergic overstimula-
tion at an inappropriate time leads to
developmental anomalies. In the rat, the
peak of cholinergic rone in the cortex ordi-
narily occurs during the second postnatal
week (9). Administration of cholinergic
agonists before that time or dietary alter-
ations that evoke early onset of cholinergic
activity result in premature cessation of
neuronal mitosis, leading ro shortfalls in
cell numbers and deficient synaptic activicy
(9-12). Accordingly, it is important to
explore the mechanisms underlying the
actions of cholinotoxicants and their
impact on the developing brain.

Nicotine: Prototypic
Cholinotoxicant

one-fourth of all pregnancies in the

United States (13,14). Epidemiologi
tens of thousands ofmneous abor-
Mnomnd neonatal intensive ;xc unit
annually, thousands

tal deaths and deaths from Suddnmhﬁm
Death Syndrome (crib death), and mb-
stantially increased incidence of

disabilities, behavioral problems, and
attention deficit/hyperacrivity disorder
(#4-20). These findings do not, however,
obligate an underlying cholinotoxic mech-
anism. Cigarette smoke conrains thou-
sands of bioactive compounds, including
hydrogen cyanide and carbon monoxide.
In addition, the smoking “life style” is
associated with mulriple risk facrors
including poor prenatal care and low

71



T.A. SLOTKIN

socioeconomic status. Accordingly, animal
madels are needed to isolate the role of
nicotine from these confounding variables.

Unfortunately the design of animal
models of nicotine exposure has not proven
simple. Injection of nicotine into pregnant
rats does produce behavioral (2/-23) and
cellular (24-26) abnormalities, but many
of these effects are caused by vasoconstric-
tor effects on uteroplacental circulation,
evoking episodic hypoxia (27-30).
Nicotine injections produce high peak
plasma levels of drug, inducing obvious
ischemic episodes (blanching, cyanosis)
with each dose (70,31). Accordingly, in the
mid-1980s, we developed the first animal
model of fetal nicotine exposure to make
use of continuous infusions delivered by
implantable osmotic minipumps (9,26,
31-34), a delivery route that avoids
hypoxia—ischemia, and that delivers a fixed
dose of drug simulating the steady-state
plasma levels seen in smokers or users of
transdermal nicotine patches (35,36).
Pharmacokinetic and pharmacodynamic
differences dictate the use of higher overall
doses in rats than in humans, so that the
crirical end point is matching the plasma
concentrations and the corresponding phar-
macologic effects (36,37). Thus, in rats,
dose rates of 2 to 6 mg/kg/day are necessary
to reproduce the nicotine plasma levels
found in moderate (0.5 to 1 pack/day) to
heavy (2 packs/day) smokers.

With the infusion model, we have been
able to show definitive damage to develop-
ing rat brain by doses of nicotine that
reproduce the plasma levels found in
heavy smokers (26,37-34). Two indices
of these adverse effects are illustrated in
Figure 2. In animals exposed prenatally to
nicotine, ornithine decarboxylase activity,
a marker enzyme for cell damage, is ele-
vated during the postnatal period in both
early-developing (forebrain) and late-
developing (cerebellum) brain regions even
though nicotine exposure terminates at
birth. During the same period, deficits in
total cell number, as determined by DNA
content, worsen. Subsequently, we found
that genes associated with programmed
cell death (apoptosis) are constitutively
activated by prenatal nicotine exposure
(38,39), with effects persisting into the
period of maximal cell loss; direct mor-
phological assessment of nicotine-exposed
embryos confirmed the presence of
numerous apoptotic cells (40). Nicotine-
induced apoptosis in the developing brain
is in direct contrast to the observation that
nicotine exerts a neuroprotective effect in
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the adult brain (47,42), including protection
from injury-induced apoptosis (43,44).
Just as with c-fos itself (4547), the devel-
opmental context in which nicotine expo-
sure occurs is likely to be critical for
determining whether apoprosis is evoked
or suppressed. Indeed, cholinergic agonists
and antagonists can both elicit apoptosis
depending on whether the context involves
active or desensitized receptors (48). In the

context of extended exposure to nicotine
during fetal development, persistent induc-
tion of c-fos clearly is associated with
enhanced cell death (31), most likely from
apoptosis (40).

We also identified a second mechanism
for cell deficits caused by nicotine expo-
sure (10): inhibition of DNA synthesis
(Figure 3). Administration of even a single
dose of nicotine to pregnant or neonatal
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Figare 1. Cholinotoxicant targeting of cell development. Abbreviations: AChE, acetylcholinesterase; CPF, chlorpyri-
fos; Nic, nicotine. During development, neurotransmitters, through their receptors and associated signaling cas-
cades, control the genes that influence differentiation. Depending on the context in which stimulation occurs, the
same neurotransmitter can promote cell replication, can elicit a switch from replication to differentiation, can pro-
mote or arrest cell growth, can evoke apoptosis, or can program the genes that determine the future responsive-
ness of the cell to external stimulation. Nicotine targets nicotinic cholinergic receptors located on target cells,
directly evoking changes in gene expression. Presynaptic nicotinic receptors that modulate release of other neuro-
transmitters produce secondary alterations of target cell development through the actions of these other transmit-
ters on their respective receptars, signaling cascades and gene expression {39). Chlorpyrifos through its active
oxon metabolite inhibits acetylcholinesterase, preventing the breakdown of acetylcholine and thus enhancing
cholinergic activity. In addition, chlorpyrifos can exhibit agonistiike properties, opening and then desensitizing
nicotinic cholinergic receptor/ion channels (87}, can interact with signaling intermediates such as G-proteins and
adenylyl cyclase (80,82,83), or can produce oxidative damage to DNA {84,85).

Figure 2. Effects of nicotine on biomarkers of cell damage {omithine decarboxylase activity) and cell number (DNA
f:ontem). evaluated in postnatal rat brain (32). Abbreviation: 0OC, omithine decarboxylase. Nicotine exposure elic-
its pe_rsistent damage {elevated omithine decarboxylase activity) and cell loss {decreased DNA) despite discontinu-
ing nicotine exposure at birth. Effects are discernibie in both an early-developing region {forebrain) and
late-developing region (cersbellum). Data represent means and standard errors obtained from 8 pups in each group
at each age for each determination, with ANOVA main treatment effect indicated within the panels.
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rats elicits a precipitous and persistent
(several hours long) decline in DNA synthe-
sis, with specific targeting of brain regions
with the highest concentrations of nicotinic
cholinergic receptors. The same effects are
obtained when minute amounts of nicotine
are introduced directly into the brain,
bypassing any systemic drug effects (10).
Simply losing cells or preventing acqui-
sition of the correct number of cells does
not inherently account for neurobehavioral
disruption by nicotine exposure; instead it
is necessary to demonstrate that synaptic
function is affected. Because nicotine
works through cholinergic receptors, we
first evaluated effects on cholinergic trans-
mission (9,49). Using biochemical indices
of neuronal impulse activity, we found that
prenatal nicotine exposure blunted the
ontogenetic rise of synaptic activity in the
forebrain and produced persistent deficits
in the hippocampus (Figure 4). However,
adverse functional effects are not limited o
cholinergic neurotransmission. Nicotinic
receptors also play a prominent role in the
activity of catecholaminergic systems, and
we found that fetal nicotine treatment had
adverse effects on these synapses as well,
again with the effects appearing well after
termination of nicotine exposure. Cate-
cholaminergic function showed two phases
of synaptic hypoactivity, one in the imme-
diate postpartum period and another
emerging with the onset of puberty (33),
accompanied by behavioral anomalies
(36,50,51). In the intervening stages, even
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Figure 3. Inhibition of DNA synthesis in rat brain
regions after a single dose of nicotine (10,317, 106).
Measurements of PHithymidine incorporation into DNA
were made in the first 30 min after nicotine administra-
tion. Susceptibility is directly related to the concentra-
tion of nicotinic cholinergic receptors in each region,
namely brainstem 2 forebrain > cerebellum. Data rep-
resent means and standard errors obtained from 18-30
rats at each age in each treatment group. ANOVA
across all ages and regions is shown within the panel;
asterisks (*] denote values that differ significantly from
the correspending control.

CHOLINOTOXICANTS: NICOTINE AND CHLORPYRIFOS

though basal activity was within normal
limits, the reactivity of noradrenergic sys-
tems to acute nicotine challenge was
obtunded in the prenatal nicotine group
(Figure 4): doses of nicotine that evoked
norepinephrine release in brain regions of
control animals were unable to do so in
the group exposed to nicotine prenatally
(52). Thus, fetal exposure to nicotine has
lasting adverse effects on synaptic perfor-
mance, effects that may not emerge fully
until adolescence.

We also have identified numerous
adverse effects of prenatal nicotine exposure
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on postsynaptic signaling mechanisms, all
of which are potential participants in
neurobehavioral abnormalities. These
entail lasting changes in the expression of
cell signaling intermediates (53,54),
uncoupling of receprors and second mes-
senger systems from downstream cellular
events (55,56), and alterations in the
expression of receptor proteins themselves
(26,53,55-57). Developmental disrup-
tion by nicotine thus occurs at numerous
loci and ranges from outright cell loss to
specific alterations of neural activity to
misprogramming of receptor signaling
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Figure 4. Synaptic hiypoactivity elicited by prenatal nicotine exposure. (A) In the forebrain, the ratio of choline
uptake to choline acetyitransferase activity (a biochemical marker of impulse activity in cholinergic projections)
shows a naturally occurring peak at postnatal day 10; nicotine blunts activity before and during the developmental
spike {9). (B) In the hippocampus, [*H}hemicholinium-3 binding to the high-affinity choline transparter, which is
regulated by nerve impulse activity, shows both initial postnatal deficits and a later-emerging, permanent deficit in
the nicotine group (49). {C) Noradrenergic hypoactivity is also elicited by prenatal nicotine exposure.
Naorepinephrine content and turnover are suppressed in the forebrain during both the initial postnatal period, and
more persistently with the onset of puberty (33). (D) Before the reemergence of deficits in the measures of basal
activity, the nicotine group shows a subnormal responsiveness to acute challenges. A single injection of nicotine,
which releases norepinephrine in the control group, fails to do so in the nicotine group (52). Data represent means
and standard errors obtained from 7-10 animals in each group at each age, for each type of determination.
ANDVA is shawn within the panels and asterisks {*} denote individual ages at which the nicotine group differs
from the corresponding control. Individual tests were not run for acute norepinephrine release because of the

absance of a significant interaction of treatment x region.
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mechanisms. In trying to determine
whether these various outcomes all reflect
a similar underlying basic mechanism,
two interrelated questions emerge. First,
are the effects present ar doses cor-
responding to moderate smoking (one-
half pack to one pack per day), where
growth impairment, which can lead to
nonspecific alterations, is absent? If so,
this would imply a specific mechanism
targeting the developing brain rather than
effects secondary to a more general fetal
insult. Selectivity for the developing brain
would then raise the second question: Is
stimulation of nicotinic cholinergic recep-
tors the underlying target for the effects?
The first question can be answered defini-
tively. Lowering the dose of nicotine in
rats to the point at which growth impair-
ment vanishes and plasma levels match
those of moderate smokers still produces
all the signs of fetal brain damage that
were seen at higher doses (34,39): ele-
vated ornithine decarboxylase activity,
progressive cell loss, and deficits of synap-
tic activity (Figure 5). These results are
opposite from nonspecific insult, where
brain development typically is spared rela-
tive to all other growth components
(58-60). The most likely explanation for
the exquisite sensitivity of the developing
brain to nicotine-induced damage is the
targeting of specific proteins, namely
nicotinic cholinergic receptors, that have
the ability to respond to nicotine at
extremely low (nanomolar) concentrations
(26,61-63). Nicotinic receptors originate

in the fetal brain during neurulation and
rise dramatically in late gestation and after
birth (26,62—65). We have been able to
show thart these receptors are tonically
stimulated by fetal nicotine exposure, as
evidenced by receptor upregulation (26),
even at doses that do not impair growth
(34). Specific tests of each component of
feral brain cell loss evoked by nicotine
have verified the involvement of nicotinic
receptors, whether for inhibition of DNA
synthesis (/0), stimulation of damage
markers (66), or promotion of apoptosis
(38.67). Delayed functional sequelae such
as late-appearing reductions in synaptic
activity are more problematic because of
the long temporal separation between
initial injury and measurable conse-
quences. However, just as for the more
immediate markers of cell damage, the
dose threshold for delayed neural effects
also lies far below that of growth impair-
ment, whether assessed biochemically
(34,52) or behaviorally (50,51,68-70).
By implication, the delayed effects are
most likely linked to the initial receptor-
mediated changes in cell development
originating during and immediately after
fetal nicotine exposure.

Targeting of nicotinic receptors can
explain the widespread nature of the
defects in cell number and synaptic activity
seen after prenatal nicotine exposure. As
shown in Figure 1, nicotinic receptors are
located not only at postsynaptic sites but
also are extremely prominent ar the
presynaptic terminals of a wide variety of

Figure 5. Nicotine damages the developing brain at doses that do not compromise growth (31,34,52).
Abbreviation: 0DC, ornithine decarboxylase. Administration of 2 mg/kg/day to pregnant rats, which simulates
plasma levels of nicatine found in moderate smokers, results in normal body and brain region weights in the off-
spring. Nevertheless, cell damage (elevated ODC activity), cell loss {reduced DNA content} and synaptic hypoactiv-
ity (subnormal norepinephrine tumnover) are still fully evident. Data represent means and standard errors obtained
from 5-10 animals in each group at each age for each type of determination. Differences for weights are not sig-
nificant (ANOVA, but effects on biomarkers are {main treatment effect, p < 0.0001 across all three biomarkers and

for each biomarker taken individually}.
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neurotransmitter systems including
acetylcholine, catecholamines (norepineph-
rine, dopamine), and excitatory amino
acids, which are themselves potentially
neurotoxic. Evoked release of other trans-
micters that alone exert neurotrophic con-
trol of their own targets thus is likely to
produce disruption in all the sites “down-
stream” from nicotinic receptor activation.
One issue for further consideration is
whether a specific receptor subtype is
involved in nicotinic cholinergic neu-
rotrophic actions, and by implication,
mediating the disruptive effects of prenatal
nicotine exposure. Indeed, based on iz
vitro studies, specific roles have been pos-
tulated for control of synaptogenesis by
nicotinic receptor subtypes containing the
@7 subunit and for adverse effects of nico-
tne (7). It is also apparent that develop-
ing neurons show distincr ontogenetic
profiles for expression of the genes encod-
ing the individual subunits of nicotinic
receptors (72,73). Nevertheless, some key
elements are missing in the current under-
standing of the role of receptor subtypes in
the developmental effects of nicotine, as
nearly all studies of subtypes in vivo have
been conducted at the level of mRNA but
not receptor protein. Accordingly, it is
unclear as to which subtypes are actually
expressed at the cell surface and whether
specific subtypes are linked differentially
to neurotrophic stimuli. Nevertheless, this
absence of knowledge concerning receptor
subtypes does not obviate the clear-cut
effects of nicotine on cell development and
the linkage of these effects to nicotinic
cholinergic receptors.

Our findings indicate conclusively that
nicotine is a neuroteratogen, evoking cell
damage and reducing cell numbers,
impairing synaptic activity and behavioral
performance, and eliciting these changes at
doses commensurate with moderate smok-
ing, below the level at which fetal growth
is impaired. The underlying mechanisms
are receptor mediated, accounting for
selective effects on the brain at low-dose
thresholds and for the involvement of
brain regions and transmitter systems that
have prominent cholinergic inputs.
Recepror stimulation leads to two distinct
errors in the program of cell development,
a premature change from cell replication
to differentiation, and after a delay, initia-
tion of the program for cell damage and
apoptosis. The next issue, then, is whether
other potential cholinotoxicants, especially
insecticides, share the same mechanisms
and outcomes.
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Developmental Neurotoxicity
of Chlorpyrifos in Vivo

Increasing use is being made of the long-
lasting organophosphorus insecticide chlor-
pyrifos, largely because this agent does not
elicit organophosphate pesticide-induced
persistent neuropathies until the dose is
raised above the threshold for lethality
(74). Nevertheless, recent concern has
arisen over domestic application, which
can lead to infant exposures well above
acceprable levels (75,76). Animal studies
indicare that immarure animals are far
more susceptible to acute toxicity of chlor-
pysifos (77-79) despite the fact that they
recover from cholinesterase inhibition
more quickly than adults (78-80). As with
other organophosphate insecticides, chlor-
pyrifos, via its reactive metabolite, chlor-
pyrifos oxon, inhibits cholinesterase and
prevents the breakdown of acetylcholine.
An initial view of the potential impact of
chlorpyrifos on signaling targets in brain
development thus could resemble that of
nicotine (Figure 1), with promotion of
cholinergic signaling as the primary target.
However, chlorpyrifos also exhibits direct
cholinergic agonistlike properties, opening
and then desensitizing nicotinic cholin-
ergic receptor/ion channels (81); it inter-
acts with signaling intermediates such as
G-proteins and adenylyl cyclase (80,82,
83); and it may produce oxidative damage
to DNA (84,85).

% Change
3

Figure 6. Inhibition of DNA synthesis after a single
dose of chlorpyrifos (77). Abbreviation: CPF, chlorpyri-
fos. Inhibition does not display regional selectivity until
the end of the first postnatal week, suggesting two
separate mechanisms: an initial, noncholinergic effect,
followed by a later-appearing, cholinergic effect. Data
represent means and standard errors obtained from
29-63 animals in each treatment group at each age.
ANOVA across both ages and all regions appears
within the panel. Asterisks (*) denote individual values
for which the chlorpyrifos group differs from the corre-
sponding control.

CHOLINOTOXICANTS: NICOTINE AND CHLORPYRIFOS

If the primary effect of chlorpyrifos on
the developing brain is a reflection of its
general mode of toxicity as seen in mature
animals, namely cholinesterase inhibition,
then the net effects during development
should bear a strong resemblance to those
of nicotine, which also clicits cholinergic
hyperstimulation. When we administered
chlorpyrifos to neonatal rats (Figure 6), we
obrained acute inhibition of DNA synthe-
sis (77). However, at 1 day of age, there
was no regional selectivity to the effect:
regions with low cholinergic innervation
(cerebellum) were affected just as much as
cholinergically enriched regions (brain-
stem, forebrain). Regional selectivity then
emerged by the end of the first postnatal
week, at which point cholinergic antago-
nists could block che effect. Thus, chlor-
pyrifos affects DNA synthesis by at least
two different types of mechanisms, an ini-
tial, noncholinergic effect, and subse-
quently, actions mediated through
cholinergic activity. In support of the
unexpected finding of noncholinergic
contributions to effects on DNA synthe-
sis, we obrained the same inhibitory
actions when minute amounts of chlor-
pyrifos were injected directly into the
brain, bypassing hepatic activation to
chlorpyrifos oxon, the metabolite that
inhibits cholinesterase. The contributions
of noncholinergic mechanisms to the net
adverse effect on brain development are
readily demonstrable. With repeated
chlorpyrifos administration, we obrained
persistent inhibition of DNA synthesis
(86), leading to deficits in cell number

Forebrain: fluoride-stimulated
activity

% Change

Age, days

(87) and suppression of macromolecular
constituents (88). These effects were seen
at chlorpyrifos exposure levels that were
devoid of any overt toxicity and that
reduced cholinesterase activity by only
20% (80), a degree of inhibition insuffi-
cient to produce signs of systemic toxiciry.

Some of the postulated, noncholinergic
effects of chlorpyrifos involve cell signaling
intermediates common to multiple neu-
ronal and hormonal inputs, especially the
adenylyl cyclase transduction pathway
(82,83,89). Cyclic AMP is universally
involved in the control of cell replication
and differentiation in virtually all prokary-
otic and eukaryotic cells (90—-94), so that
perturbation of this pathway during devel-
opment would be expected to have a signif-
icant impact on brain cell development.
When we examined the effects of otherwise
subtoxic doses of chlorpyrifos on adenylyl
cyclase activity in the developing brain
(80), we found profound effects on G-
protein-mediated signaling, including that
operating through neurotransmitter recep-
tors known to play neurotrophic roles in
cell replication/differentiation parterns
(Figure 7). Importantly, low doses of
chlorpyrifos administered early in develop-
ment, with minimal cholinesterase inhibi-
tion, had a much greater effect on adenylyl
cyclase activity than larger doses given
later in development, even though the lat-
ter treatment produced much greater inhi-
bition of cholinesterase. Again, this
indicates that noncholinergic mechanisms
play critical roles in the adverse effects of
chlorpyrifos on brain development. Thus,

Forebrain: isoproterenol-stimulated
activity
] ANOVA: CPF . age. ;

20 | 1mgkg PN1-3

Age, days

Figure 7. Effects of repeated chlorpyrifos administration on forebrain adenylyl cyclase activity (80). Abbreviations:
CPF, chiorpyrifos; PN, postnatal. Treatment with a low dose on postnatal days 1—4 produces a larger deficit than a
larger dose given iater in development, despite the fact that the later treatment produces greater cholinesterase
inhibition. The effect on adenylyl cyclase emerges after a delay of several days after cessation of treatment, at a
time when cholinesterase activity has compietely recovered to normal. Data represent means and standard errors
obtained from 11-12 animals in each treatment greup at each age. ANOVA across age is shown within the panels
and asterisks {*) indicate individual values that differ significantly from the corresponding control.
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conversion of chlorpyrifos to its oxon
metabolite and the consequent inhibition
of cholinesterase may not be the essential
factors in determining neurobehavioral ter-
atology by this compound or potentially
for other insecticides as well.

Developmental Neurotoxicity
of Chlorpyrifos Modeled
in Vitro

A definitive demonstration that chlorpyrifos
exerts direct effects on neurodevelopment
requires control over the cellular environ-
ment, as provided by 7n vitro models. We
have used PC12 rat pheochromocytoma
cells, a cloned cell line that initially resem-
bles sympathetic neuronal precursor cells
but that differentiates to resemble sympa-
thetic neurons morphologically, physiologi-
cally, and biochemically (95,96). The onset
of differentiation is initiated by nerve
growth factor after which the cells develop
the appearance and function of cholinergic
target neurons, including increased expres-
sion of cholinergic receptors, choline acetyl-
transferase, and acerylcholinesterase (97,98).
Equally important, these cells lack cyto-
chrome P450 (99), the enzyme that con-
verts chlorpyrifos to its oxon, the metabolite
that inhibits cholinesterase. Thus, if the
actions of chlorpyrifos seen for brain devel-
opment in vivo are paralleled by similar
actions on PC12 cells in vitro, the effects
cannot be secondary to cholinesterase
inhibition, the standard biomarker of
organophosphate-induced toxicity.

Using undifferentiated PC12 cells, we
obtained immediate (1 hr) inhibition of
DNA synthesis (Figure 8); effects on RNA
or protein synthesis were much less notable,

indicating a selectivity toward replicating
cells (700). The effect on DNA synthesis in
undifferentiated PC12 cells could not be
blocked by cholinergic recepror antagonists,
confirming that chlorpyrifos itself produces
effect without a requirement for cholin-
esterase inhibition and its resultant cholin-
ergic hyperstimulation. When PC12 cells
were allowed to differentiate in the contin-
uous presence of chlorpyrifos, the inhibi-
tion of DNA synchesis intensified and
persisted throughout the period of cell
development {Figure 9). As a consequence,
acquisition of new cells (DNA level) was
severely curtailed, or at the highest concen-
trations, completely arrested, replicating the
effects found for chlorpyrifos in vive. In
contrast to the profound effects on DNA
synthesis and cell acquisition, neurite exten-
sion, as measured by the increase in mem-
brane surface area (protein/DNA ratio), was
inhibited only at high chlorpyrifos concen-
trations. These results confirm a targeted,
primary effect of chlorpyrifos on cell repli-
cation, with other developmental abnor-
malities requiring higher exposure levels.
Just as was found for in vive treatments, the
progression of cell differentation increases
the sensitivity to chlorpyrifos, representing
emergence of the cholinergic target pheno-
type; at that poing, both direct and cholin-
ergically mediated effects become additive
(77), whereas only the direct effects can be
expressed in the undifferentiated state.
We have also carried out in witro
studies in rat embryo culwures (67). Using
chlorpyrifos concentrations that showed
no evidence of growth reduction or dys-
morphogenesis, we found clear-cur abnor-
malities of mitosis in the developing brain
at the neural tube stage. Embryos were

Figure 8. Inhibition of DNA synthesis by chlorpyrifos in undifferentiated PC12 cells { 700). Abbreviations: ATR,
atropine; CPF, chlorpyrifos; MEC, mecamylamine. Inhibition shows an immediate onset of action and is not medi-
ated by cholinergic hyperstimulation, as receptor blocking agents for muscarinic (atropine) or nicotinic (mecamy-
lamine) receptors do not prevent the effect. Data represent means and standard errors obtained from 617
determinations for each treatment and time paint. ANOVA across all treatments and time points appear within
the panels and asterisks {*) denote individual values for which the treated groups ditfer from the corresponding

controls.
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incubated with chlorpyrifos for 48 hr
beginning on embryonic day 9.5 (Figure
10). Examination of the forebrain and
hindbrain regions revealed reduced and
altered mirtotic figures with dispersion and
disorientation of the mirtotic layer. In

DNA synthesis

ANOVA: contral > CPF, p < 0.0001

5 pg/mi,

p < 0.0002
;Sug/ml,
=S p < 0.0001
=
=
=3
o
Be .
S0 pg/mi,
p < 0.0001
0 T T T T
0 1 2 4 10
DNA content
1607 ANOVA: control > CPF, p < 0.0001
CPF x time, p < 0.0001
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s @ 15ugmi
< 100 { O SOpg/mi .
g CPF, p < 0.0001;
80 CPF x time,
p <0.0001

60 - L z
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CPF x time, p < 0.0001
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Protein/DNA ratio
ANOVA: control > CPF, p < 0.0001
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.

34 CPF, p<0.0001;
CPF x time, p < 0.003
2 -
1 2 4 10
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Figure 8. Effects of continuous exposure to chlorpyri-
fos on PC12 cells during differentiation (700).
Abbreviation: CPF, chiorpyrifos. The inhibition of DNA
synthesis is intensified and maintained throughout the
developmental period, leading to reduced or arrested
cell acquisition (DNA level). At the highest concentra-
tion, neurite extension {as measured by the protein/
DNA ratio) is also inhibited. Data represent means and
standard errors obtained from 2036 determinations in
each group at each time point. ANOVA across all time
points and treatments appears within each panel and
asterisks {*) denote individual values that differ from
the corresponding control.
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CHOLINOTOXICANTS: NICOTINE AND CHLORPYRIFOS

Figure 10. Effects of chlorpyrifos on brain development in cultured rat embryos (67). Abbreviations: bv, blood vessel; CPF, chiorpyrifos; m, mitotic figure; n, inactive hete-
rochromatin. (A} Forebrain neuroepithelium in control embryos at embryonic day 11.5, showing a bipolar pseudostratified epithelium: apical and basal processes contain a
granular nucleus and inactive heterochromatin. Mitotic figure can be seen toward the internal limiting membrane. Mesenchyme around the germinal epithelium shows blood
vessel. (8) Neuroepithelium from an embryo exposed to chiorpyrifos (50 pg/ml). Note the extensive vacuolation of the cytoplasm of the epithelial cells {arrowheads). (C)
Forebrain neuroepithelium from a chlorpyrifos-exposed embryo showing extensive cell death (b) and extracellular bodies (arrowheads). A large cell (a) with multiple apoptotic
condensations is also visible. Scale bar =20 pm. For semi-quantitative measurements {table at bottom of figure), evaluations were made in numerous sections obtained from
four otherwise morphologically normal embryos in each treatment group. Over a much larger cohort (>40 embryos per treatment), there was no evidence of gross dysmorpho-
genesis or of changes in developmental landmarks aside from the disruption of cell development in the neuroepithelium.

addition, cytotoxicity was evidenced by
cytoplasmic vacuolation, enlargement of
intercellular spaces, and the presence of a
significant number of apoprotic figures.
Significant effects were found even at
concentrations as low as 0.5 pg/ml.

Our results with PC12 cells or rat
embryo cultures supporrt the idea that
chlorpyrifos specifically targets brain devel-
opment. However, a major problem is how
to compare exposures in vitro with those
likely to be experienced with environmental
contamination. Certainly, the concentra-
tion and exposure period necessary to affect
brain cell development in vitro lie well
below those necessary for dysmorphogene-
sis, for chromosome damage (1017) or for
general cytotoxicity (101,102). Although
scant information is available concerning
the actual levels of chlorpyrifos achieved in
feral brain, we have already demonstrated
that doses that cause only 20% cholin-
esterase inhibition nevertheless depress
mitosis in neonatal rat brain in vive
(77,80,86), leading to deficiencies in cell
numbers (87). A preliminary report on
pregnant rats (/03) found chat a compara-
ble degree of cholinesterase inhibition,
which is well below the threshold for any
observable signs of cholinergic hyperstimu-
lation, produces peak fetal brain concen-
trations of the major metabolite of
chlorpyrifos of approximately 0.25 pg/g,

which on a molar basis, corresponds to the
lowest concentration of chlorpyrifos used
in our studies with embryos in vitro (67).
On a body weight basis, the doses of chlor-
pyrifos needed for adult or developmental
toxicity in rats range up to tens to hundreds
of mg/kg (78,79,104,105) and certainly no
lower than 2 mg/kg (77). Mirotic arrest in
vivo occurs with brain concentrations of 2
ng/g (77), again well within the concen-
tration range needed for in vitro effects.
The likely acute exposure level for infants
after home application of chlorpyrifos is
also above this range: 350 pg/kg/day for a
2-week period, for a toral of 5 mg/kg
(76). Although there are clear limitations
of extrapolation across species and bet-
ween cultures and intact systems, in vitro
evaluarions nevertheless can point the way
to likely mechanisms and adverse out-
comes, and are likely to be within the
range of relevant exposure levels in vivo.

Conclusions and Future
Directions

Drugs or chemicals that target cholinergic
neurotransmission probably represent the
largest source of neurobehavioral teratoge-
nesis. Nicotine exposure involves one-
fourth of all pregnancies in the United
States, and exposure to insecticides that
target cholinesterase is ubiquitous. Estab-
lishing the underlying mechanisms, and

Environmental Health Perspectives = Vol 107, Supplement | = February 1999

hence safety thresholds, for these compounds
must represent a major focus of future work.
We have shown that nicotine damages the
developing brain at concentrations achieved
in moderate smokers or with nicotine
replacement therapies such as the transder-
mal patch. The sequelae of maternal smok-
ing are already well established (/4) and
include high rates of miscarriage, fetal death,
intrauterine growth retardation, deaths in
the postnatal period, and behavioral and
learning disturbances. The finding that a
specific substance in tobacco (nicotine) is a
major contriburtor to adverse outcomes pro-
vides the first definitive proof that tobacco is
a direct cause of these problems, not simply
a covariable with other components of the
smoking life style. In the case of chlorpyri-
fos, our findings indicate thar inhibition of
cholinesterase, the standard biomarker for
organophosphate toxicity, is inadequate to
explain the effects of this compound on
brain development. The uncovering of alter-
native mechanisms indicates the need for
research on screening methods that empha-
size unique attributes of developing systems
such as DNA synthesis, cell acquisition,
apoptosis, and cytoarchitectural modeling of
specific brain regions. /n vitro systems such
as neural cell lines or embryo cultures can
play key roles in elaborating these mecha-
nisms and in establishing new safery
thresholds for insecticide exposure during
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development. Finally, it should not be over-
looked that unlike standard teratogens,
agents that target specific cell populations
in the nervous system rather than general
organogenesis, can be expected to have
adverse effects that extend to the final stages
of development: childhood and adoles-
cence. In the future, we will need to acquire
new ways of evaluating potential postnatal
effects of environmental contaminants.

78

REFERENCES AND NOTES

Buznikov GA, Chudakova IV, Zvedina ND. The
rale of neurchumors in early embryogenesis. 1:
Serotonin content of developing embryos of sea
urchin and leach. J Embryol Exp Morphol
12:563-573 (1964).

Buznikov GA, Kost AN, Berdysheva LV. The role
of neurchumours in early embryogenesis. 3:
Pharmacalogical analysis of the role of neuro-
humours in cleavage divisions. J Embryol Exp
Morphoi 23:543-569 (1970).

Lauder JM. Roles for neurotransmitters in devel-
opment: possible interaction with drugs during
the fetal and neonatal periods. In: Prevention of
Physical and Mental Congenital Defects {Marois
M, ed). New York:Alan R. Liss, 1985;375-380.
Whitaker-Azmitia PM. Role of serotonin and
other neurotransmitter receptors in brain devel-
opment: basis for developmental pharmacol-
ogy. Pharmacol Rev 43:553-561 (1991).

Yanat J. Neurobehavioral Teratology.
Amsterdam:Elsevier, 1984.

Hohmann CF, Wilson L, Cayle JT. Efferent and
afferent connections of mouse sensory-motor
cortex following cholinergic deafferentation at
birth. Cereb Cortex 1:1158-172 {1991).
Bachman ES, Berger-Sweeney J, Coyle JT,
Hohmann CF. Developmental regulation of
adult cortical morphology and behavior: an ani-
mal model for menta! retardation. int J Dev
Neurosci 12:233-253 (1934).

Hohmann CF, Brooks AR, Coyle JT. Neonatal
lesions of the basal forebrain cholinergic neu-
rans result in abnormal cortical development.
Dev Brain Res 42:253-264 (1988).

Navarro HA, Seidler FJ, Eylers JP, Baker FE,
Dobbins SS, Lappi SE, Siotkin TA. Effects of
prenatal nicotine exposure on development of
central and peripheral cholinergic neurotrans-
mitter systems. Evidence for cholinergic trophic
influences in developing brain. J Pharmacol Exp
Ther 251:894-300 (1989).

McFarland BJ, Seidler FJ, Slotkin TA. Inhibition
of DNA synthesis in neonatal rat brain regions
caused by acute nicotine administration. Dev
Brain Res 58:223-229 (1991).

Bell JM, Lundberg PK. Effects of a commercial
soy lecithin preparation on development of sen-
sorimotor behavior and brain biochemistry in
the rat. Dev Psychobiol 18:59-66 [1985).

Bell JM, Whitmore WL, Barnes G, Seidler FJ,
Slotkin TA. Perinatal dietary exposure to soy
lecithin: altered sensitivity to central choliner-
gic stimuiation. Int J Dev Neurosci 4:497-501
(1986).

19.

20.

Z1.

22

2.

24.

25.

26.

27.

28.

28

Bardy AH, Seppala T, Lilisunde P, Kataja JM,
Koskela P, Pikkarainen J, Hiilesmaa VK.
Objectively measured tobacco exposure during
pregnancy: neonatal effects and relation to
maternal smoking. Br J Obstet Gynaecol
100:721-726 (1993).

Difranza JR, Lew RA. Effect of maternal ciga-
rette smoking on pregnancy complications and
Sudden Infant Death Syndrome. J Fam Pract
40:385-394 (1935).

Butler,NR, Goldstein H. Smoking in pregnancy
and subseguent child development. Br Med J
4:573-574{1973).

Naeye RL. Effects of maternal cigarette smok-
ing on the fetus and placenta. Br J Obstet
Gynaecol 85:732-737 {1978).

Naeye RL, Peters EC. Mental development of
children whose maothers smoked during preg-
nancy. Obstet Gynecol 64:601-607 (1984).
Naeye RL. Cognitive and behaviaral abnormali-
ties in children whose mothers smoked ciga-
rettes during pregnancy. J Oev Behav Pediatr
13:425-8(1992).

Dunn HG, McBurney AK. Cigarette smoking
and the fetus and child. Pediatrics 60:772
(1977).

Bell GL, Lau K. Perinatal and neonatal issues of
substance abuse. Pediatr Clin North Am
42:261-281 (1995).

Martin JC, Becker RF. The effects of nicotine
administration in utero upon activity in the rat.
Psychon Sci 19:53-60 {1970).

Martin JC, Becker RF. The effects of maternal
nicotine absorption or hypoxic episodes upon
appetitive behavior of rat offspring. Dev
Psychobiol 4:133-147 (1971).

Nasrat HA, Al-Hachim GM, Mahmood FA.
Perinatal effects of nicotine. Biol Neonate
49:8-14 (1986).

Slotkin TA, Greer N, Faust J, Cho H, Seidler FJ.
Effects of maternal nicotine injections on brain
development in the rat: ornithine decarboxy-
lase activity, nucleic acids and proteins in dis-
crete brain regions. Brain Res Bull 17:41-50
{1986).

Slotkin TA, Cho H, Whitmore WL. Effects of
prenatal nicotine exposure on neuronal devel-
opment: selective actions on central and
peripheral catecholaminergic pathways. Brain
Res Bull 18:601-611 (1987).

Slotkin TA, Orband-Miller L, Queen KL.
Development of [*H]nicotine binding sites in
brain regions of rats exposed to nicotine prena-
tally via maternal injections or infusions. J
Pharmacol Exp Ther 242:232-237 (1987).
Slotkin TA, Cowdery TS, Orband L, Pachman S,
Whitmore WL. Effects of neonatal hypoxia on
brain development in the rat: immediate and
long-term biochemical alterations in discrete
regions. Brain Res 374:63-74 (1986).

Seidler FJ, Slotkin TA. Effects of acute hypoxia
on neonatal rat brain: regionally selective,
long-term alterations in catecholamine levels
and turnover. Brain Res Bull 24:157-161
{1990).

Carlos RQ, Seidler FJ, Lappi SE, Slotkin TA.
Fetal dexamethascne exposure affects basal
ornithine decarboxylase activity in developing
rat brain regions and alters acute responses to
hypoxia and maternal separation. Biol Neonate
59:69-77 (1991).

30.

3t.

32.

33

3.

36.

37.

38.

39.

41.

42.

43.

Jonsson G, Hallman H. Effects of neonatal
nicotine administration on the postnatal devel-
opment of central noradrenaline neurons. Acta
Physiol Scand Suppl! 479:25-26 (1380).

Slotkin TA. Prenatal exposure to nicotine: What
can we learn from animal models? In: Maternal
Substance Abuse and the Developing Nervous
System (Zagon IS, Slotkin TA, eds). San Diego:
Academic Press, 1992;97-124

Slotkin TA, Orband-Miller L, Queen KL,
Whitmor WL, Seidler FJ. Effects of prenatal
nicotine exposure on biochemical development
of rat brain regions: maternal drug infusions via
osmotic minipumps. J Pharmacol Exp Ther 240:
602-611{1987).

Navarro HA, Seidler FJ, Whitmore WL, Slotkin
TA. Prenatal exposure to nicoting via maternal
infusions: effects on development of cate-
cholamine systems. J Pharmacol Exp Ther
244:940-944 (1988).

Navarro HA, Seidler FJ, Schwart RD, Baker,FE.
Dobbins SS, Slotkin TA. Prenatal exposure to
nicotine impairs nervous system development
at a dose which does not affect viability or
growth. Brain Res Bull 23:187-192 {1989).
Murrin LC, Ferrer JR, Wanyun Z, Haley NJ.
Nicotine administration to rats: methodological
considerations. Life Sci 40:1633-1708 (1987).
Lichtensteiger W, Ribary U, Schlumpf M,
Odermatt B, Widmer HR. Prenatal adverse
effects of nicotine on the developing brain.
Prog Brain Res 73:137-157 (1988).

Barnes CD, Eltherington LG. Drug Dosage in
Laboratory Animals: A Handbook. Revised ed.
Berkeley, CA:University of California Press, 1973.
Slotkin TA, McCook EC, Seidler FJ. Cryptic
brain cell injury caused by fetal nicatine expo-
sure is associated with persistent elevations of
c-fos protooncogene expression. Brain Res
750:180-188 (1997).

Slotkin TA. Fetal nicotine or cocaine exposure:
which one is worse? J Pharmacol Exp Ther
285:931-945 (1998).

Roy TS. Andrews JE, Seidler FJ, Slotkin TA.
Nicotine evokes cell death in embryonic rat
brain during neurulation. J Pharmacol Exp Ther
(in press).

Owman C, Fuxe K, Janson AM, Kahrstrom J.
Chronic nicotine treatment eliminates asymme-
try in striatal glucose utilization following uni-
lateral transection of the mesostriatal
dopamine pathway in rats. Neurosci Lett
102:279-283 (1989).

Janson AM, Fuxe K, Agnati LF, Kitayama |,
Harfstrand A, Andersson K, Goldstein M.
Chronic nicotine treatment counteracts the dis-
appearance of tyrosine-hydroxylase-immunore-
active nerve cell bodies, dendrites and
terminals in the mesostriatal dopamine system
of the male rat after partial hemitransection.
Brain Res 455:332-345 (1988).

Yamashita H, Nakamura S. Nicotine rescues
PC12 cells from death induced by nerve growth
factor deprivation. Neurosci Lett 213:145-147
{1996).

Kaneko S, Maeda T, Kume T, Kochiyama H,
Akaike A, Shimohama S, Kimura J. Nicotine
protects cultured cortical neurons against glu-
tamate-induced cytotoxicity via a7-neuronal
receptors and neuronal CNS receptors. Brain
Res 765:135-140(1997).

Environmental Health Perspectives = Vol 107, Supplement | = February 1999



45.

46.

47.

43,

51.

52.

57.

Curran T, Abate C, Cohen DR, Macgregor PF,
Rauscher FJ, Sonnenberg JL, Connor JA,
Margan, Ji. Inducible proto-oncogene transcrip-
tion factors: third messengers in the brain?
Cold Spring Harbor Symp Quant Biol 55:225~
234 (1990).

Curran T, Morgan JI. Fos: an immediate-early
transcription factor in neurons. J Neurobiol
26:403-412 (1995).

Scotting, PJ, Rex, M. Transcription factors in
early development of the central nervous sys-
tem. Neuropatho! App! Neurobiol 22:463—481
{1996).

Blishchenko EY, Mirkina II, Mernenko OA,
Yatskin ON, Satpaev DK, Strizhkov BN, Karelin
AA. Cytotoxic activity of acetyicholine receptor
ligands. Biochem Mol Biol Int 42:739-747
(1997).

Zahalka EA, Seidler FJ, Lappi SE, McCook EC,
Yanai J, Slotkin TA. Deficits in development of
central cholinergic pathways caused by fetal
nicotine expaosure: differential effects on
choline acetyltransferase activity and [*Hlhemi-
chelinium-3 binding. Neurotoxicol Teratol
14:375-382 (1992).

Lichtensteiger W, Schlumpf M. Prenatal nico-
tine affects fetal testosterone and sexual
dimorphism of saccharin preference. Pharmacol
Biochem Behav 23:439-444 (1985).

Ribary U, Lichtensteiger W. Effects of acute
and chronic prenatal nicotine treatment on cen-
tral catecholamine systems of male and female
rat fetuses and offspring. J Pharmacol Exp Ther
248:786~792 (1989).

Seidler FJ, Levin ED, Lappi SE, Slotkin TA. Fetal
nicotine exposure ablates the ability of postna-
tal nicotine challenge ta release norepinephrine
from rat brain regions. Dev Brain Res 69:288-
291 (1992).

Slotkin TA, Navarro HA, McCook EC, Seidler FJ.
Fetal nicotine exposure produces postnatal up-
regulation of adenylate cyclase activity in
peripheral tissues. Life Sci 47:1561-1567
{1990},

Slotkin TA, McCook EC, Lappi SE, Seidler FJ.
Altered development of basal and forskolin-
stimulated adenylate cyclase activity in brain
regions of rats exposed to nicotine prenatally.
Dev Brain Res 68:233-239{1992).

Zahalka EA, Seidler FJ, Yanai J, Slotkin TA.
Fetal nicotine exposure alters ontogeny of M-
receptors and their link to G-proteins.
Neurotoxico! Teratol 15:107-115{1983).
Navarro HA, Mills E, Seidier FJ, Baker FE, Lappi
SE, Tayyeb M, Spencer JR, Slotkin TA.
Prenatal nicotine exposure impairs B-adrener-
gic function: persistent chronotropic subsensi-
tivity despite recovery from deficits in receptor
binding. Brain Res Bull 25:233-237 {1990).
Navarro HA, Slotkin TA, Tayyeb MI, Lappi SE,
Seidler FJ. Effects of fetal nicotine exposure on
development of adrenergic receptor binding in
rat brain regions: selective changes in o-
receptors. Res Commun Subst Abuse 11:95—
103 (1930).

Dodge PR, Prensky AL, Feigin RO. Nutrition and
the Developing Nervous System. St. Louis:C.V.
Moshy, 1975.

de Grauw TJ. Myers RE, Scatt WJ. Fetal
growth retardation in rats from different levels
of hypoxia. Biol Neonate 43.85-83 (1886).

61.

67.

69.

70.

71

72.

73.

74.

75.

CHOLINOTOXICANTS: NICOTINE AND CHLORPYRIFOS

Bell JM, Whitmore WL, Queen KL, Orband-
Mitler L, Slotkin TA. Biochemical determinants
of growth sparing during neonatal nutritional
deprivation or enhancement: ornithine decar-
boxylase, polyamines, and macromalecules in
brain regions and heart. Pediatr Res
22:599-504 (1987).

Martino-Barrows AM, Kellar KJ. [3H]Acety-
choline and [3H}{-)nicotine label the same
recagnition site in rat brain. Mol Pharmacol
31:169~174 (1987).

Caims NJ, Wonnacott S. [*HK-Nicotine binding
sites in fetal human brain. Brain Res 475:1-7
{1988).

Hagino N, Lee JW. Effect of maternal nicotine
on the development of sites for [*Hnicotine
binding in the fetal brain. Int. J Dev Neurosci
3:567-571 (1385}

Larsson C, Nordberg A, Falkeborn Y, Lundberg
R-A. Regional PHlacetylcholine and PHinicotine
binding in developing mouse brain. Int J Dev
Neurosci 3:667-671 {1385).

Lichtensteiger W, Schiumpf M, Ribary U.
Modifications pharmacologigues de |'onto-
genése neurgendocrine. Ann Endocrinol
48:393-399 {1987).

Smith WT, Seidler FJ, Slotkin TA. Acute stimu-
lation of ornithine decarboxylase in neonatal
rat brain regions by nicotine: a receptor-medi-
ated process? Dev Brain Res 63:85-93 {1991).
Roy TS, Andrews JE, Seidler FJ, Slotkin TA.
Chiorpyrifos eficits mitotic abnormalities and
apoptosis in neuroepithelium of cultured rat
embryos. Teratology 58:62-68 {1998).

Cutler AR, Wilkerson AE, Gingras JL. Levin ED.
Prenatal cocaine and/or nicotine exposure in
rats: preliminary findings on long-term cognitive
outcome and genital development at birth.
Neurotoxicol Terato! 18:635-643 (1936).

Levin ED, Wilkerson A, Jones JP, Christopher
NC, Briggs SJ. Prenatal nicotine effects on
memory in rats: pharmacological and behav-
ioral challenges. Dev Brain Res 97:207-215
{1996).

Levin ED, Briggs SJ. Christopher NC, Rose JE.
Prenatal nicotine exposure and cognitive per-
formance in rats. Neurotoxicol Teratol
15:251-260 (1993).

Pugh PC, Berg DK. Neuronal acetylcholine
receptors that bind o-garotoxin mediate neurite
retraction in a calcium-dependent manner. J
Neurasci 14:883-836 (1334).

Hellstrom-Lindah! E, Gorbounova O, Seiger A,
Mausavi M, Nordberg A. Regional distribution
of nicotinic receptors during prenatal develop-
ment of human brain and spinal cord. Dev Brain
Res 108:147—-160 (1998).

Shacka JJ, Robinsen SE. Postnatal develop-
mental regulation of neuronal nicotinic receptor
subunit a; and multiple oy and B, mRNA
species in the rat. Dev Brain Res 109:67-75
{1998).

Richardson RJ, Moore T8, Kayyali US, Randall
JC. Chlorpyrifos: assessment of potential for
delayed neurotoxicity by repeated dosing in
adult hens with monitoring of brain acetyl-
cholinesterase, brain and lymphocyte neurotoxic
esterase and plasma butyryicholinesterase
activities. Fundam Appl Toxicol 21:89-36 (1993).
Fenske RA, Biack KG, Elkner KP, Lee C, Methner
MM, Soto R. Potential exposure and health

Environmental Health Perspectives » Vol 107, Suppiement | » February 1999

76.

77.

78.

79.

81.

85.

87.

88.

an

risks of infants following indoor residential pes-
ticide applications. Am J Public Health
80:689-693 (1990).

Gurunathan S, Robson M, Freeman N, Buckley
B, Roy A, Mevyer R, Bukowski J, Lioy PJ. Accu-
mulation of chlorpyrifos on residential surfaces
and toys accessible to children. Environ Health
Perspect 106:9-16 (1998).

Whitney KD, Seidler FJ, Slotkin TA.
Developmental neurotoxicity of chlorpyrifos:
cellular mechanisms. Toxicol Appl Pharmacol
134:53-62 {1995).

Pope CN, Chakraborti TK, Chapman ML, Farrar
JD, Arthun D. Comparisen of in vivo
cholinesterase inhibition in neonatal and adult
rats by three organophosphorothioate insecti-
cides. Toxicology 68:51-61 (1931].

Pope CN, Chakraborti TK. Dose-related inhibi-
tion of brain and plasma cholinesterase in
neonatal and adult rats following sublethal
organophosphate exposures. Toxicology
73:35-43 {1982).

Song X. Seidler FJ, Saleh JL, Zhang J. Padilla
S, Slotkin TA. Cellular mechanisms for develop-
mental toxicity of chlorpyrifos: targeting the
adenylyl cyclase signaling cascade. Toxicol
Appl Pharmacol 145:158-174 {1997).

Katz £J, Cortes Vi, Eldefrawi ME, Eldefrawi AT.
Chiorpyrifos, parathion, and their oxons bind to
and desensitize a nicotinic acetylcholine recep-
tor: relevance to their toxicities. Toxicol Appl
Pharmacol 146:227-236 (1897}.

Huff BA, Abou-Donia MB. /n vitro effect of
chlorpyrifos oxon on muscarinic receptors and
adenylate cyclase. Neurotoxicology 16:281-290
{1995}

Huff RA, Corcoran JJ. Anderson JK, Abou-
Donia MB. Chlorpyrifos oxon binds directly to
muscarinic receptors and inhibits cAMP accu-
mulation in rat striatum. J Pharmacol Exp Ther
269:329-335(1994).

Bagchi D, Bagchi M, Hassoun EA, Stohs SJ. In
vitro and in vivo generation of reactive oxygen
species, DNA damage and lactate dehydroge-
nase leakage by selected pesticides. Toxicology
104:128-140 (1995).

Bagchi D, Bhattacharya G, Stohs SJ. /n vitro
and in vivo induction of heat shock (stress) pro-
tein (Hsp} gene expression by selected pesti-
cides. Toxicology 112:57-68 {1996).

Dam K, Seidler FJ, Slotkin TA. Developmental
neurotoxicity of chlorpyrifos: delayed targeting
of DNA synthesis after repeated administra-
tion. Dev Brain Res 108:39-45 {1338).
Campbell CG, Seidler FJ, Slotkin TA.
Chlorpyrifos interferes with cell development in
rat brain regions. Brain Res Bull 43:173-189
{1997).

Johnson DE, Seidler FJ, Slotkin TA. Early bio-
chemical detection of delayed neurotoxicity
resulting from developmental exposure to
chlorpyrifos. Brain Res Bull 45:143-147 (1998).
Ward TR, Mundy WR. Organaphosphorus com-
pounds preferentially affect second messenger
systems coupled to M2/M4 receptors in rat
frontal cortex. Brain Res Bull 39:49-55 (1996).
Claycomb WC. Biochemical aspects of cardiac
muscle differentiation. J Biol Chem 251:
6082-6089 (19786).

Hultgardh-Nilsson A, Querol-Ferrer V, Jonzon B,
Krondahi, U, Nitsson J. Cyclic AMP, early

7%



T.A. SLOTKIN

93.

95.

response gene expression, and DNA synthesis
in rat smooth muscle cells. Exp Cell Res
214:297-302 (1994).

Van Wijk R, Wicks WD, Bevers MM, Van Rijn J.
Rapid arrest of DNA synthesis by N6,02"-dibu-
tyryl cyclic adenosine 3',5'-monophosphate in
cultured hepatoma cells. Cancer Res 33:
1331-1338 (1973).

Bhat NR, Shanker G, Pieringer RA. Cell prolifer-
ation in growing cultures of dissociated embry-
onic mouse brain: macromolecule and ornithine
decarboxylase synthesis and regulation by hor-
mones and drugs. J Neurosci Res 10:221-230
{1983).

Guidotti A. Adenosine 3',5"-monophosphate
concentrations and isoproterenol-induced syn-
thesis of deoxyribonucleic acid in mouse parotid
gland. Mol Pharmacol 8:521-530 {1972).
Tischler AS, Greene LA. Nerve growth factor-
induced process formation by cultured rat
pheochromocytoma cells. Nature 258:341-342
(1975).

Greene LA, Tischler AS. Establishment of a
noradrenergic clonal line of rat adrenal

97.

100.

101.

pheochromocytoma cells which respond to
nerve growth factar. Proc Natl Acad Sci 73:
2424-2428 (1976).

Greene LA, Rukenstein A. Regulation of acetyl-
cholinesterase activity by nerve growth factor:
role of transcription and dissociation from
effects on proliferation and neurite outgrowth.
J Biol Chem 256:6363-6367 (1981).

Berse B, Blusztajn JK. Modulation of choliner-
gic locus expression by glucocorticoids and
retinoic acid is cell-type specific. FEBS Lett
410:175-179 (1997).

Mapoles J, Berthou F, Alexander A, Simon F,
Ménez JF. Mammalian PC-12 cell genetically
engineered for human cytochrome P450 2E1
expression. J Biochem 214:735-745 (1993).
Song X, Violin JO, Seidler FJ, Slotkin TA.
Modeling the developmental neurotoxicity of
chlorpyrifos in vitro: macromolecule synthesis
in PC12 cells. Toxice! Appl Pharmacel 151:
182-191 (1998).

Muscarella DE, Keown JF, Bloom SE. Evaluation
of the genotoxic and embryotoxic potential of
chlorpyrifos and its metabolites in vivo and in

102.

104.

1086.

vitro. Environ Mutagen 6:13-23 (1984).

Cosenza ME, Bidanet J. Effects of chiorpyrifos
on neuronal development in rat embryo mid-
brain micromass cultures. Vet Human Toxicol
37:118-121(1995).

Hunter DL, Lassiter TL, Chanda SM, Barone S,
Padilla S. Pharmacokinetics of chlorpyrifos and
its metabolites in maternal and fetal brain and
liver tissue following gestational exposure.
Toxicologist 42:157-158 (1998).

Chakraborti TK, Farrar JD, Pope CN.
Comparative neurochemical and neurobehav-
ioral effects of repeated chlorpyrifos exposures
in young and adult rats. Pharmaco! Biochem
Behav 46:219-224 (1393).

Bushnell PJ, Pope CN, Padilla S. Behavioral and
neurochemical effects of acute chlorpyrifos in
rats: tolerance to prolonged inhibition of
cholinesterase. J Pharmacol Exp Ther
266:1007-1017 (1993).

Tolson CM, Seidler FJ, McCook EC, Slotkin TA.
Does concurrent or prior nicotine exposure inter-
act with neonatal hypoxia to produce cardiac
cell damage? Teratology 52:298-305 (1995).

Environmental Health Perspectives » Vol 107, Supplement | « February 1999



] Jj"l‘l? Testimony to House Committee on Health
4 Tuesday, February 4, 2020; 2:15 p.m.

State Capitol, Conference Room 329

Dear Chair Mizuno, Vice-Chair Kobayashi, and Committee Members,
My name is Ramic Santiago and | support HB 2457: RELATING TO THE YOUTH VAPING EPIDEMIC.

There are too many children under 18 that are choosing to vape in Hawaii. According to the Center for Disease
Control and Prevention Hawai‘i ranks second in children ranging from 6th to 12th grade who choose to vape (1).
According to Kaiser Health News numbers reported in 2018 translate to 3 million high school students nationally
who vape. These staggering numbers continue to rise with advancements in vaping technology. Vaping devices
can come in a variety of sizes and others like the JUUL product which is the size of a small USB port and can be
used almost undetectable. Nicotine levels are manipulated and highly concentrated like the JUUL that can
contain as much nicotine as 20 packs of cigarettes.

Nicotine is extremely unhealthy for youth because it can be extremely harmful to the developmental process in
the youths brain and nicotine causes changes in the brains synapses which are built faster than the adults brain (1).
Most e cigs contain nicotine and nicotine use in adolescence may further the risk for future addiction to drugs (1).
There are many carcinogenic chemicals used in the production of e-cigs including cancer-causing compounds and
heavy metals such as nickel, tin, and lead (1).

Many vaping products come with or are used with flavor additives such as candy flavorings. These flavorings are
targeted at making nicotine products familiar to youth and make the vaping product more palatable to taste than
traditional burning tobacco products which are restricted by the 2009 Family Smoking Prevention and Tobacco
Control Act which banned fruit and candy flavorings in cigarettes but did not include smokeless tobacco products
like chew and e-cigs.

As of January 2020 the Trump administration has enacted a ban on the flavoring of e-cigarettes which use pre
filled cartridges but does not include tank based systems where users fill their own nicotine and flavor
mixturing(2). Furthermore, mentol pre-filled vaping devices are excluded from the ban (2) . According to the
National Institute on Drug Abuse 66% of teens vape only flavoring (2). Banning pre-filled e-cig products will
have little effect when teens can still get ahold of products that contain flavored vaping products like fillable tank
systems.

Hawaii needs to further the Trump administration's efforts to reduce the increasing number of underage children
who use vaping products. Hawaii needs to ban all flavored vaping products in the state to fight the epidemic of
underage teen vaping.

Sincerely,

Ramic P.H. Santiago, B.S.
1614 Emerson Street # 5
Honolulu, Hawaii 96813

Resources
1.  Center for Disease Control and Prevention(2019). Smoking and Tobacco Use
2. MarketWatch.(2020). Federal Government Bans Popular E-cigg Flavors to the Curb.
3. NIH National Institute on Drug Abuse.(2015). Teens and E-cigs.
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Testimony to House Committee on Health

Tuesday, February 4, 2020; 2:15 p.m.
State Capitol, Conference Room 329

Dear Chair Mizuno, Vice-Chair Kobayashi, and Committee Members,
| support HB 2457: RELATING TO THE YOUTH VAPING EPIDEMIC.

Tobacco killed my husband last March from smoking. He ended up dying from COPD and had
lung cancer. He suffered greatly before he passed away and died an early death.

We have 6 grandchildren that | don't want to have the same fate as their grandfather. Our
keiki are a vulnerable group and must be protected. Don’t make it easy for electronic smoking
devices to get into the hands of our kids from accessibility online and for being cheap to buy.
Please pass HB 2457 to save our children for the future.

Sincerely,

Jennifer Hausler
Pearl City, 96782
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To: The Honorable John M. Mizuno, Chair
Bertrand Kobayashi, Vice Chair
Members of the Committee on Health

The Honorable Justin H. Woodson, Chair

Mark J. Hashem, Vice Chair

Sean Quinlan, Vice

Members of the Committee on Lower and Higher Education

From: Ruthie Diaz, BSW

rddiaz@hawaii.edu
Re: Support for HB2457, RELATING TO THE YOUTH VAPING EPIDEMIC
Hearing: Tuesday, February 4, 2020 at 2:15 pm at Conference Room 309

Thank you for the opportunity to submit testimony in SUPPORT of HB2457, RELATING TO THE YOUTH
VAPING EPIDEMIC

I am a non-traditional student at the University of Hawai'i, Manoa, and completing the master's degree at the
Myron B. Thompson School of Social Work. As a full-time student, social work practicum student, and a part-
time employee, | have opportunities to engage with the communities at the University of Hawai'i as well as the
Oahu community working with individuals and families. Most importantly, I am a mother of two children, ages
five and an 11. | care deeply for my children as well as all the youth of Hawai'i, and prevention is key to many
health risks.

Although there are various stories that | have encountered with electronic nicotine delivery systems ENDS and
vape products, the one I can recall involves my four-year-old son. I live in a condominium with a wraparound
lanai that welcomes cool trade wind breezes on most days. Because of this, my lanai doors are always wide open.
My home is a smoke-free building, which should eliminate such behaviors and provide clean air for my family.
However, addictive behaviors will often lead to the disregarding of such rules. Neighboring units smoking on
their lanai lead to clouds of smoke to travel down to my family's unit. My four-year-old smelled the strawberry
flavors and savored it. Luckily, he spoke out loud and mentioned that it smells like candy. | knew what it was, and
I had no choice but to report it to our building management and close my lanai door. | realized that the smell of
such flavors was very enticing to my four-year-old, and had | not stopped him, he would have continued to inhale
the vape products contaminating our fresh air. This was a teaching moment for my older child about the health
risk and the inconvenience it causes other people and families, but not necessarily to a four-year-old. This
experience allowed me to see how dangerously enticing these ENDS flavors to even the youngest children. It
made me aware of how normalized use or even continued exposure to ENDS and vape products may lead to
experimentation and subsequent addiction.

Bill HB2457, if enacted, it will prevent many health problems that are related to electronic nicotine delivery
systems (ENDS) and vape products. The increasing youth vaping epidemic, particularly in Hawai'i, is due to the
lack of regulation pertaining to ENDS, enticement to youth using candy-flavored vape products as well as
communities and social behaviors among youth normalizing the use of these items.

The opposition's argument that the use of ENDS and vape products is successful as a smoking cessation product
has not been proven true, nor is it FDA approved. A study conducted in 2016 by Garcia-Arcos et al., concluded



that mice who were exposed to aerosolized nicotine-free and nicotine-containing e-cigarette fluid "triggered
effects normally associated with the development of COPD including cytokine expression, airway hyper-
reactivity, and lung tissue destruction™ (Garcia-Arcos et al., 2016). The medically proven and documented health
risks and addictive behaviors of ENDS and vaping outweighs the unsubstantiated arguments of successful
cessation for existing smokers.

The continuous use and exposures of the harmful products to minors may cause addiction, lead to dual use of
combustible cigarettes and vape products, and damage to the developing adolescent brain. The banning of
flavored tobacco products is an imperative next step in tobacco control if HB2457 becomes law.

Garcia-Arcos, I., Geraghty, P., Baumlin, N., Campos, M., Dabo, A. J., Jundi, B., ... Foronjy, R. (2016). Chronic
electronic cigarette exposure in mice induces features of COPD in a nicotine-dependent
manner. Thorax, 71(12), 1119-1129. doi: 10.1136/thoraxjnl-2015-208039
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American Heart Association testimony for HB 2507, “Relating To Health”

The American Heart Association supports the intent of HB 2507, but OPPOSES the
imposition of penalties for those underage who purchase of possess tobacco products.

Two new reports from the Centers for Disease Control and Prevention (CDC) found
people who started smoking before age 21 are more likely to have a high nicotine
dependence, and raising the age to buy tobacco to 21

impacts the sale of such products.

In one of the new reports, the CDC analyzed data from the 2014-'15 Tobacco Use
Supplement from the Current Population Survey. Just over 25,000 adults answered
questions about when they started smoking, their level of nicotine dependence and
attempts to quit.

About half reported smoking regularly before age 18, 33% started at ages 18-20 and 17%
started at 21 or older. About half reported trying to quit in the past year. Adjusted results
showed those who started before age 18 and those who started at ages 18-20 were more
likely to have high nicotine dependence compared to those who started at 21 or older.
Those who started smoking when they were under 21 also were less likely to try to quit.

In another new study, the CDC looked at the impact of implementing Tobacco 21 (T21)
laws in Hawaii in 2016 and compared it to California, which implemented a similar law
the same year but with an exemption for military. It also compared Hawaii to the rest of
the U.S.

Researchers used data on sales of cigarettes and cigars/cigarillos in large grocery stores
from June 2012 to February 2017 and found average monthly cigarette sales in Hawaii
dropped about 4.4% following the new law. California sales declined 11.7%, and
mainland sales dropped 10.6%. However, Hawaii was the only one to see both a drop in
sales and a drop in the share of menthol sales. Hawaii also had a 12.1% drop in
cigar/cigarillo sales compared to 7.1% for California and 4.1% for the rest of

the U.S. The share of menthol sales rose 7.1% in the U.S., but changes weren't
statistically significant for Hawaii and California. Authors said this finding "suggests that
T21 policies may have attenuated an otherwise

upward trend."

"Taken together, these results indicate T21 policies may decrease sales of some tobacco
products, especially cigars and flavoured/menthol products that are disproportionately
consumed by youth, young adults and

persons of color," authors wrote.

They also encouraged additional tobacco control measures such as increasing prices and
restricting the sale of flavored products.

Western States Affiliate | Hawaii Division | 677 Ala Moana Blvd, Ste 600 | Honolulu | HI 1 96813
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In addition to increasing the age of purchase, the American Heart Association notes the
need to require permits/licenses for wholesalers and retailers of all tobacco products to
allow for more effective education and enforcement against underage sales. It also
recommends online sales retrictions to counteract the ability for those underage to
purchase tobacco products from retailers outside the state.

The American Heart Association, however, strongly opposes youth possession and
penalties (PUP) tobacco laws. The rise in PUP laws is linked to Big Tobacco’s response to
the Synar amendment which required states to enact and enforce laws prohibiting
distribution and sale of tobacco products to minors. As states imposed restrictions on
tobacco retail sales, the tobacco industry and retail merchants associations pressured
lawmakers to penalize buyers and users as well as vendors.

Advocates for PUP laws hoped that the laws would play a central role in
a multi-pronged approach to reducing youth initiation and smoking rates,
but studies show little evidence of a deterrent effect over time.

Big Tobacco targeted youth for decades, seeking to create new generations of customers
addicted to its products. Instead of holding industry and retailers accountable, PUP laws
shift responsibility to their

victims — young consumers who are purchasing and using a deadly and highly addictive
product.

Psychologists have found that punishment is not an optimal strategy for

behavior change — a finding that is even more relevant when the behavior in question is
addictive. PUP laws are unlikely to reduce youth initiation and smoking prevalence at the
population level. Some researchers suggest

that they are counterproductive, actually increasing smoking rates among youth who
seek to engage in behavior deemed deviant or behavior associated with adulthood.

PUP laws are inequitable because they disproportionately affect youth of color. Youth of
color —as well as LGBT youth, youth with disabilities,

and boys — are more likely to smoke because these populations have been targeted via
advertising and retailer placement by the tobacco industry.

Enforcement of PUP laws also disproportionately affects youth from low-income
communities. High smoking rates are correlated with low income, and there are more
tobacco retailers and advertisements in less affluent areas. Consequently, low-income
youth are more likely to smoke and to be affected by PUP laws. A child with a job, a
single parent, or 2 parents

who work outside the home may struggle to complete community service or pay fines. A
child who is unable to complete community service or pay fines may be subject to
escalating penalties that are increasingly difficult to resolve. Further, the resulting stress
takes a toll on health and increases the likelihood of risky behaviors or involvement with
juvenile justice, mental health, substance use, or other systems.

PUP laws stigmatize youth who smoke, yet smoking is an addictive behavior promoted by
a billion-dollar industry that directly and deliberately targets them. Stigma is not an
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effective public health intervention, and it may keep kids from seeking cessation
treatment

or education. Problematic behaviors such as smoking may be more likely to continue in
the face of punishment (as opposed to cessation interventions) because punishment
provides an incentive to hide the

behavior and protect those engaged in it.

The American Heart Association instead recommends a focus on policies that have been
proven effective in reducing youth tobacco use including increasing taxes, allocating state
funding to meet the CDC’'s recommended level of tobacco prevention, control and
cessation funding for the state, limiting sales to youth through effective enforcement of
retailers for underage sales, restricting online sales, and comprehensive smoke-free air
laws.

Respectfully submitted, —

| B Wer s

Donald B. Weisman
Hawaii Government Relations/Communications Director
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RETAIL
MERCHANTS
OF HAWAII

TESTIMONY OF TINA YAMAKI
PRESIDENT
RETAIL MERCHANTS OF HAWAII
February 4, 2020

Re: HB 2507 Relating to Health

Good morning Chairperson Mizuno and members of the House Committee on Health. | am Tina
Yamaki, President of the Retail Merchants of Hawaii and | appreciate this opportunity to testify.

The Retail Merchants of Hawaii (RMH) as founded in 1901 and is a statewide, not for profit trade
organization committed to the growth and development of the retail industry in Hawaii.
The retail industry is one of the largest employers in the state, employing 25% of the labor force.

We OPPOSE HB 2507 Relating to Health. This measure prohibits the sale or furnishing of
tobacco and tobacco products to persons under twenty-five years of age. Increases minimum
age from twenty-one years of age to twenty-five years of age for purchase and possession of
tobacco and tobacco products, including electronic smoking devices and increases fines.

Bans are not the simple solution and will not stop adults from smoking - noting that it is already
illegal for minors. This type of ban would only push the sale of cigarettes and vaping devices
into the black market and to online sales. Persons 21 years of age are deemed to be adults and
should be allowed to make their own decisions when it comes to smoking or vaping.

The New England Journal of Medicine published an article last year that found that e-cigarettes
were nearly twice as effective as conventional nicotine replacement products, like patches and
gum, for quitting smoking. The study was conducted in Britain and funded by the National
Institute for Health Research and Cancer Research UK.

We urge you to hold this measure.

Mahalo again for this opportunity to testify.

-
, 3610 Waialae Ave o Honolulu, HI 96816 @ (808) 592-4200 ™ tyamaki@rmhawaii.org
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I am writing in STRONG OPPOSITION to this proposed Bill.

This Proposed Bill is Government overreach. The legal age to purchase tobacco
products has already been raised to 21 years old, which is already impeding on adults
making adult decisions for use of legal adult products. Increasing the age limit is not a
viable couse of action for curbing behavior for products that are deemed legal at the
State and Federal level. If you relate this to another legal adult product, alcohol, | do not
see the House or Senate trying to curb the "youth epidemic"” of drinking under age.
Please focus on enforcement of the laws that are already on the books and propose a
course of action and funding stream for enforcing the laws already in place.

Thank you for considering this testimony.
Aloha
Johnathon Myers

Concerned Constituent
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Testimony in SUPPORT of H.B. 2507
RELATING TO HEALTH

REPRESENTATIVE JOHN M. MIZUNO, CHAIR
HOUSE COMMITTEE ON HEALTH
Hearing Date: February 4, 2020 Room Number: 329

Fiscal Implications: None

Department Testimony: The Department of Health (DOH) supports House Bill 2507 (H.B.
2507) that proposes to raise the minimum age for sale, purchase, and to possess tobacco and
tobacco products (including electronic smoking devices) from age twenty-one years to age

twenty-five years.

In 2015, the Institute of Medicine (IOM) released a study which examined the public
health impact of raising the minimum age for purchase of tobacco products to either twenty-one
or twenty-five years. The Committee on the Public Health Implications of Raising the Minimum
Age for Purchasing Tobacco Products reviewed scientific literature across disciplines and
tobacco policies, and developed mathematical modeling to quantify predictions. They found that
raising the minimum age of legal access to tobacco products in the United States, particularly to
ages twenty-one and twenty-five, would lead to a substantial decrease in smoking prevalence and
smoking related mortality'. The findings from the IOM study provided DOH with the scientific
evidence and justification for supporting the 2015 Hawaii legislation, Senate Bill 1030 that was

enacted as Act 122, and raised the age for purchasing tobacco products to twenty-one.

The IOM report is relevant to the recommendations of H.B. 2507 to increase the
minimum age of legal access to tobacco products to age twenty-five. The Food and Drug

Administration (FDA) has encouraged states and localities to enact laws that are stricter than

110M (Institute of Medicine). 2015. Public health implications of raising the minimum age of legal access to tobacco products.
Washington, DC: The National Academies Press.
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existing federal legal age of sale of tobacco products, which was raised on December 20, 2019 to
twenty-one years. The Department concurs with the description put forth in this measure’s
preamble describing the gravity and toll of tobacco use and addiction on this country and state.
The risks of tobacco-related diseases and premature deaths would continue to be decreased.
Immediate benefits from other tobacco-related health effects and consequences include
inflammation and impaired immune functioning that result in hospitalizations and reduced

capacity for wound healing.

The Department commends the legislature for setting bold goals and the inclusion of all
tobacco products in in H.B. 2507 to protect Hawaii’s youth and young adult population from
initiating tobacco use of any kind. The Department does not support the increase in the
possession, use, and purchase penalty for young people found in Section 2(6), page 9, lines 12 to
line 14. Youth penalty is not nationally recommended because these laws punish and stigmatize
young people who are aggressively marketed tobacco products while deflecting responsibility

from the tobacco companies?.

Offered Amendments: The Department suggests the following amendments to delete the

increases to the possession, use, and penalty fines in Section 2(6), page 9, lines 12 to line 14.

years of age who violates subsection (5) shall be fined
$10 €58 for the first offense. Any subsequent offense shall
subject the violator to a fine of $50 $466, no part of which
shall be

Thank you for the opportunity to testify.

2 Bach, L. Campaign for Tobacco Free Kids. “Youth Purchase, Use, Or Possession Laws Are Not Effective Tobacco Prevention,”
September 20, 2018: https://www.tobaccofreekids.org/assets/factsheets/0074.pdf
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Testimony of Kimo Haynes,
President of the Hawaii Petroleum Marketers Association

SUPPORTING THE INTENT OF HOUSE BILL 2507, RELATING TO HEALTH

House Committee on Health
The Honorable John Mizuno, Chair
The Honorable Bertrand Kobayashi, Vice Chair

Tuesday, February 4, 2020 at 8:30 a.m.
Hawaii State Capitol, Conference Room 329

Chair Mizuno, Vice Chair Kobayashi, and members of the Committee,

I am Kimo Haynes, president of the Hawaii Petroleum Marketers Association (“HPMA”). HPMA
is a non-profit trade association comprised of members who directly market liquid motor fuel
products across the Hawaiian Islands. Our membership includes individuals and companies who
operate as independent marketers, jobbers or distributors of petroleum products and who buy
liguid motor fuel products at the wholesale level and sell or distribute products to retail
customers, other wholesalers, and other bulk consumers.

House Bill 2507, Relating to Health, prohibits the sale or furnishing of tobacco and tobacco
products to persons under 25 years of age, and increases the minimum age from 21 to 25 for

purchasing and possessing tobacco and tobacco products, including electronic smoking devices.

HPMA supports the intent of this bill, which seeks to further protect Hawaii’s youths from the
health dangers of using tobacco products by raising the minimum eligibility age to 25.

HPMA member companies have training programs and policies in place for their convenience
store workforce to be disciplined in verifying the age of tobacco buyers.

Thank you for allowing HPMA the opportunity to submit written testimony on this bill.
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