:r-i
A4

http://pubs.acs.org/journal/acsodf

Heoo®06

How Do Herbal Cigarettes Compare To Tobacco? A Comprehensive
Review of Their Sensory Characters, Phytochemicals, and Functional
Properties
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ABSTRACT: Herbal cigarettes, known as tobacco-free or nicotine-free cigarettes, are those recognized as being-tobacco free, being
composed of a mixture of various herbs claimed to lessen the smoking habit hazards. However, controversial data regarding its
properties occur in the literature with no comprehensive overview or analysis of its effects. Like herbal smokeless tobacco, they are
often used to substitute for tobacco products (primarily cigarettes) regarded as a “nonsmoking” aid. This review capitalizes on herbal
cigarettes with regard to their quality characteristics, sensory attributes, chemical composition, and health properties to rationalize
their choice as a nonsmoking aid. Furthermore, the impacts of heat and/or pyrolysis that occur during smoking on its chemical
composition are presented for the first time. Some herbal smokes may produce notable metabolic problems that increase the risk of
several chronic metabolic diseases. In general, burning substances from plants can have a variety of negative effects on the body
attributed to toxic chemicals such as carbon monoxide, polyaromatics, nicotine, and N-nitrosamines. This review compiles and
discusses the phytochemical compositions detected in various herbal cigarettes alongside sensory and quality attributes and health
effects.

B INTRODUCTION

developing nations.® Such a smoking habit is also difficult to

Smoking, which refers to inhaling and exhaling the vapors
produced by the combustion of plant material, is most
commonly linked with the use of tobacco products such as
cigarettes, cigars, and pipes.' Smoking became a public health
threat with a prevalence of 1.1 billion smokers worldwide,
causing more than 8 million deaths yearly.” Furthermore, 7
million of those deaths are due to the direct effect of tobacco,
whereas the rest are due to secondhand smoke exposure. In
addition, tobacco use is linked to an elevated risk of a variety of
unfavorable health outcomes, including cardiovascular disease,
numerous forms of cancer, diabetes, and stroke.>™ The value
of the global tobacco market in 2021 was US $849.9 billion
due in significant part to the rising number of smokers in

© 2022 The Authors. Published by
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control due to the serious addictive consequence of tobacco
associated with nicotine’s pharmacological actions. Cigarette
smoke encompasses ca. 5000 different chemical compounds,”
with 44 of them confirmed to be genotoxic and cytotoxic,

according to the Hoffmann list, including inorganic com-
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Table 1. Herbal Cigarette Brands in the Market, Their Origins, and Their Ingredients

brands origin ingredients references
Herbal Gold cigarettes (100% U.S.A. menthol, Prunus cerasus (cherry), Vanilla planifolia (vanilla), Althaea officinalis (marshmallow), 64
nicotine free) Eriodictyon californicum (yerba santa), damiana, Passiflora incarnata (passion flower), Jasminum
officinale (jasmine), and Panax ginseng (ginseng)
Blue Korea Artemisia absinthium (wormwood) 13
KangXi China Tropaeolum peregrinum (canary-creeper) 13
JiangShan (River & Mountain) China Paceoniae Radix (herbaceous peony), Bupleurum chinense (thorowax), Curculigo orchioides 13
(curculigo) rhizome, Epimedium grandiflorum (longspur epimedium)
Zhongnanhai China Apocynum venetum (spreading dogbane) 13
Guocao China Artemisia vulgans (mugwort) and other herbs 13
JiangShan (River & Mountain) China Paconiae Radix (herbaceous peony) 13
Herbal Krongthip Thailand  Andrographis paniculata (Green chireta) 13
Hsiang Yang Ginseng/YiXing China Panax ginseng (ginseng) 13
(Changing stars)
Honeyrose England  Panax ginseng (ginseng) and Syzygium aromaticum (clove) 13
Jinjian China Panax ginseng (ginseng) 13
Billy USA. Camellia sinensis (green tea) 13
Nosmo Q_“Kumyeoncho” Korea Eucommia ulmoides (Tu-chung) 32
Herbal bidis (Darshan, Ecstacy, India not specified 65
Azad (meaning “free”), and Sadhu
(meaning “a sage”)
Yogi Mint Bidis India blend of cured Indian herbs wrapped in mint leaves 65
Potter’s asthma cigarettes India and  shredded Datura stramonium (Devil's Trumpet) leaves 66, 67
UK.

pounds, ethers, hydrocarbons, amines, phenols, alcohols,
ketones, aldehydes, carboxylic acids, and amides. Examples of
the most hazardous chemicals in tobacco smoke include
nicotine, tobacco-specific nitrosamine, carbon monoxide,
formaldehyde, and benzene.® The number of smokers
attempting to quit smoking has increased during the past few
years. Smoking-cessation education has been implemented in a
number of nations worldwide; however, few smokers have
succeeded, representing ca. 4% in 1 year, attributed mostly to
the strong addictive power of nicotine alkaloid in tobacco.”
With an increasing awareness of tobacco smoking hazards,
several pharmacological interventions have been introduced in
the smoking-cessation program such as nicotine-replacement
therapies, e.g, gum, patch, lozenge, and inhaler, and non-
nicotine based, such as varenicline, sustained-release bupro-
pion, and nortriptyline.'® Other alternative practices, which are
mistakenly perceived by smokers as being less harmful than
cigarette smoking, are electronic cigarettes, waterpipe ciga-
rettes, and herbal cigarettes.ll’12 Addicted smokers that are
unable or unwilling to quit smoking are likely to have the
perception that they are benefiting from administering these
products with less toxins to smokers upon inhalation.

In Western countries, herbal cigarettes employ materials,
such as hazel and rose petals, that are neither considered
therapeutic nor combined with tobacco. However, an herbal
cigarette in an Asian region is a cigarette that contains a
combination of tobacco and Asian herbs that are historically
used for therapeutic purposes.” Herbal plants were used
traditionally to treat various diseases due to the presence of
bioactive metabolites that exhibited numerous pharmacological
effects."*™>° For example, it was believed that a cannabis
cigarette is useful for neuropathic pain.*® Various studies
showed the pharmacological effect of this herbal plant.””**
Herbal cigarettes are believed generally to be healthier or safer
than tobacco ones; however, there is a lack of strong proof
regarding their effects, with several doubts raised for the likely
miscomprehension of these herbs as being safe. This is more
complicated by the fact that, although their chemical

45798

composition is well-known, little knowledge is provided
regarding the post-burning action upon inhalation. Several
companies advertise herbal cigarettes as a safe alternative from
the perspective of being composed of safe herbal drugs.”’
China was the first country to create herbal-tobacco cigarettes
between 1959 and the early 1970s, originally for the treatment
of asthma and bronchitis patients.'” Other Asian manufac-
turers of herbal cigarettes are found in South Korea, Thailand,
and Taiwan.”® Changle (Long Happiness) was the first herbal
cigarette brand marketed by the Beijing Cigarette Factory in
1982. Many other brands were further manufactured in China;
however, Jinsheng and Wuyeshen brands achieved the highest
sales during the year 2008.”" Between 1959 and 2004, 23 Asian
brands of herbal cigarettes were marketed, among which 11
brands were reported to contain primarily herbal ingredients, 8
brands were reported to contain a blend of herbs, whereas only
4 brands contained one herb. The actual composition of herbal
ingredients found in these herbal cigarettes and the method of
preparation are not explicitly revealed, although it is stated in
most of the cases.'” Asian tobacco companies claim that herbal
cigarettes aid in reducing smoking-withdrawal symptoms and
lessen health hazards to aid in quitting smoking.’> For
example, 12 brands were claimed to treat upper respiratory
tract diseases, 10 brands were declared to contain lower tar
levels and carcinogens compared to tobacco cigarettes, and 3
brands asserted that they enhanced body immunity.'>*°
However, no sufficient studies were conducted to prove such
a hypothesis nor to evaluate its exact chemical compositions of
different herbal cigarettes and/or safety.”> The production of
novel chemicals from the interaction of such a complex blend
comprising different herbs is also likely to occur, especially at
such a high burning temperature.

With regard to the most common herbal component found
in these different brands, ginseng was found to constitute a
major ingredient in 4 marketed brands, such as Hsiang Yang
Ginseng, YiXing, and Sante Luxury."’ Panax ginseng has long
been used in many Asian countries as an herbal remedy
(China, Korea, and Japan) (Table 1). Apocynum venetum
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Figure 1. Theme of the review and different parts covered about herbal cigarettes. This figure shows the main topics covered including
phytochemical composition detected in various herbal cigarettes and sensory and quality evaluations from previous studies on herbal cigarettes. We
also include the findings on hazardous compounds related to the health risks reported in previous studies.

represents another major constituent in two herbal cigarettes
products, ie, Changle and JinJian,” that has been used
traditionally in traditional Chinese medicine (TCM) and as a
tea.” In Western countries, menthol cigarettes were endorsed
in the United States in 1925 by manufacturer’s brands, such
as Spud, Penguin, and Koo, as being healthier owing to their
menthol content, because menthol is commonly used in throat
lozenges.”>”” Print and broadcast commercials promoted
menthol cigarettes to relieve throat irritation accompanying
allergies and/or a common cold.”” The approach of tobacco
control has been programmed by several public health groups
and researchers to convince smokers to refrain from smoking
and to rely more on herbal cigarettes. Studies have attempted
to determine the health benefits of smoking herbal cigarettes
by determining the yields of tobacco-specific nitrosamines in
mainstream smoke or by evaluating cellular reactivity to
mainstream smoke.> Yet, there is not enough solid evidence of
a public health benefit of herbal cigarette consumption, and
this approach may dispirit smokers from quitting. A more
complicated problem is that smokers might even smoke these
tobacco-free herbal cigarettes more frequently than regular
ones, which might pose more health hazards.”’ The chronic
consumption effect of these different herbal cigarettes in
human studies have been evaluated in only a few reports,
insufficient enough to be conclusive. The main goal of this
review is to critically analyze all reports on herbal cigarettes,
regarding their quality characteristics as well as sensory
characters, phytochemicals, health benefits, and/or safety.
Moreover, extrapolation from research on the thermal impact
on these herbal drugs is made herein to fulfill the gap in the
literature regarding how these herbal cigarette chemicals
change upon burning. Figure 1 displays the theme of the
review and different parts to be covered. By critically reviewing
the advantages and disadvantages of each herbal cigarette, the
perspective of the best formulation that is likely to be safer for
consumption is highlighted, along with needed additional

research to be conducted for proof of safety of other less-
explored cigarettes. The most common herbal drugs present in
herbal cigarettes are discussed in the next section.

B RATIONALE FOR THE CURRENT REVIEW

Smoking has become a public health threat worldwide, leading
to several diseases. With an increasing awareness of tobacco
smoking hazards, several pharmacological interventions are
introduced in the smoking-cessation program, such as nicotine-
replacement therapies. Likewise, herbal cigarettes, often known
as tobacco-free cigarettes, are cigarettes that do not contain
any tobacco and are instead made up of a mixture of various
herbs and/or other plant materials, whereas other herbal
cigarettes encompass tobacco with other herbs added to
improve flavor or quality. Herbal cigarettes are categorized as a
nonsmoking aid. Herbal cigarettes are also used in acting
situations by nonsmokers and are becoming more prevalent in
areas where antismoking legislation restricts the use of tobacco
in public places. Herbal cigarettes are gaining popularity
throughout the world as a substitute for tobacco products,
particularly cigarettes, and are generally believed to be
healthier or safer than tobacco cigarettes. Moreover, numerous
companies promote herbal cigarettes as a safe alternative due
to their composition of safe herbal drugs. However, there is
insufficient convincing evidence that herbal cigarettes have a
positive effect on public health. We summarize the current
evidence on quality characteristics, sensory characteristics,
phytochemicals, and health properties of herbal cigarettes. In
addition, we discuss the scientific findings on how these herbal
cigarette chemicals change when they are burned. This review
is intended for cigarette researchers, food chemists, cigarette
manufacturers, and the public worldwide.

B SURVEY METHODOLOGY

Literature was reviewed using electronic databases, including
Web of Science, Science Direct, PubMed, Google Scholar,
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Figure 2. Main chemicals and their sensory and health attributes in herbs included in herbal cigarettes. Six herbal plants are presented including
damiana, clove, peppermint, coltsfoot, lavender, and mugwort, which are among the main ingredients in herbal cigarette alongside their main

chemicals.

Wiley, and SciELO. This review included English-language
publications published in peer-reviewed journals between the
earliest record date and February 28, 2022. The search results
were obtained by utilizing phrases such as “herbal cigarettes”,
“plant used for smoking”, “smokable plants”, or “danger of
herbal cigarettes”. Duplicate publications were eliminated
manually, yielding a total of 103 peer-reviewed papers. This
review includes three main sections that include the current
level of knowledge on reported plants used as herbal cigarette
alternatives in terms of chemical composition, health
advantages, and rationale for their inclusion in herbal
cigarettes. Furthermore, for the first time, the health risks
associated with such chemical changes in these substitutes are
discussed. The changes incurred by burning to affect chemical
composition and health hazards of the herbal cigarettes are
summarized in this review. This review capitalizes on herbal
cigarettes regarding both chemical composition and health
properties. Because there has not been such a comprehensive
compilation of studies on this topic, we investigated pertinent
related literature dating back as far as the late 1980s; however,
we primarily concentrated on publications from the last 10
years.

B HERBAL PLANTS USED IN HERBAL CIGARETTES

Herbal cigarettes use herbs as the raw material instead of
tobacco leaf alone. According to studies, many smokers use
herbal cigarettes as a nonsmokin% aid even though the safety
issues are not well-documented.” In this section, we discuss
the traditional uses and physicochemical and chemical
compounds of several herbs that were used as ingredients in
the cigarettes.

Damiana. The main chemicals in herbs included in herbal
cigarettes are depicted in Figure 2. Turnera diffusa
(Passifloraceae) is one of the most highly valued plants used
as aphrodisiacs.”” Damiana has a pleasant appearance, smell,
and taste. It is a tasty herb with a hickory-like flavor that is best
described as minty and peppery, and overall it produces a

pleasant smoke. It has a moderately spicy smell with
undertones of anise and citrus that fits this profile. Damiana
tea is caffeine-free; however, it is relaxing to the digestive
system and may alleviate tension and anxiety. It was banned for
reportedly being incorporated in synthetic cannabis con-
coctions, often known as spice. Damiana can cause
hallucinations in high dosages, and it is not advisible to
smoke damiana or inhale it. Damiana has a long history of
usage as a central nervous system (CNS) psychoactive herb,
which could be the reason for its use as a substitute for
tobacco® along with its traditional uses. With regard to the
aroma chemicals likely inhaled if present in herbal cigarettes,
sesquiterpenes amounted to major components, viz., copaene,
y-muurolene, cubebol, 5-cadinene, nerolidol, germacrene p-4-
ol, caryophyllene oxide, ledol, f-eudesmol, and juniper
camphor.”!

Mullein. Mullein (Verbascum thapsus L.) (Scrophularia-
ceae) is originated from North America, Europe, and
temperate Asia. This medicinal herb has numerous chemical
constituents, such as flavonoids, saponins, phenylethanoid
glycosides, iridoids, and vitamin C, to contribute to its anti-
inflammatory, antihyperlipidemic, antioxidant, antimicrobial,
anticancer, antiviral, and antihepatotoxic activities.”” The
mullein demulcent action is used to relieve irritation mostly
attributed to the expectorant action of its saponins along with
the soothing effect of its mucilage.”” The dried leaves are
sometimes smoked in an ordinary tobacco pipe to relieve
irritation of the respiratory mucus membrane. Nevertheless, it
should be noted that both are high molecular weight polar
compounds and are unlikely to be volatilized upon smoking,
and it is suggestive that other chemicals are released in its
smoke.

Coltsfoot. Coltsfoot (Tussilago farfara) (Asteraceae) is
native to Europe and parts of Western and Central Asia.** Its
flowers and leaves have long been used to treat respiratory
disorders, i.e.,, coughs and sore throat,” in addition to its
inclusion in beverages and foods. Although none of coltsfoot’s
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constituents used for its demulcent action are volatile and
likely to be inhaled in smoke, herbal tobaccos with blends of
coltsfoot are popular to be smoked for treating asthma,
especially in United Kingdom. Mucilage has been recognized
as the major ingredient accounting for coltsfoot’s pharmaco-
logical action as a demulcent. A volatile component in coltsfoot
likely inhaled in herbal cigarettes is tussilagone, a sesquiterpene
reported as a potent respiratory and cardiac stimulant.™*
Another herb used in herbal cigarettes with a similar action,
and also to exert a respiratory stimulant effect due to its
alkaloid lobeline, is lobelia, which is no longer used.*® It should
be noted that coltsfoot is classified as a dietary supplement and
as an “herb of undefined safety” by the FDA.

Ginseng. Ginseng (Panax ginseng) (Araliaceae) is known to
possess many useful pharmacological activities, which is
attributed to its high content of active ingredients. Ginseng
flavor is very strong, and it is usually enhanced by the inclusion
of honey and fruit juices. It has been used in many Asian
countries, such as China, Korea, and Japan, in folk medicine
and as a flavoring herb."” Chinese people used ginseng as an
additive in herbal cig21r<ett<es,30’46 and it was found to be a major
ingredient in four herbal cigarette brands."’ Ginseng is known
to be used as an aphrodisiac and to improve psychologic
function. However, a report stated that ginseng induced
overactivity with sleep disturbances when smoked as an herbal
cigarette.47

Mugwort. Mugwort (Artemisia vulgaris) has many tradi-
tional uses around the world, which is attributed to its richness
of many chemicals, including essential oils."® The plant is rich
in sesquiterpenes responsible for the serotonergic mechanism,
and this could be the reason for its traditional application to
treat imbalances that women may suffer due to menopausal
symptoms.”” According to the European Commission in 2020,
this drug has historically been used as a substitute for cannabis
when smoked; it possesses mild intoxicating and strong
relaxing properties. The species A. vulgaris is highly prized as
a spice due to the herb’s aroma and bitter taste, as well as the
root’s sweet and spicy flavor. Traditional Chinese medicine
also recommends inhaling the smoke that results from burning
the dried and powdered leaves of A. vulgaris."®

Peppermint. Peppermint (Mentha piperita) (Lamiaceae)
has a long history of safe use in mint-flavored foods and has
been utilized in folk medicine for its thermoregulating
“cooling” effect.’® Peppermint is commonly included in
cigarettes owing to its strong menthol flavoring action together
with its cooling sensation and has been postulated to mask
nicotine’s irritation and harshness, soothe the taste, and add a
pleasant flavor to the smoke.’"*> Menthol and nicotine have
also been shown to stimulate sensory nerve endings in the
nasal, oral, and pulmonary mucosae when inhaled simulta-
neously.”

Lavender. The effects of lavender essential oil Lavandula
angustifolia (Lamiaceae) in patients with cigarette cravings™*
were assessed, revealing reductions in anxiety, cravings for
tobacco, blood pressure, and heart rate upon inhalation. Such
an effect helped to reduce tobacco-withdrawal syndrome in
adult smokers as compared to placebo and nicotine-
administered groups, posing it as a potential treatment for
cigarette cessation. Another study assessed the effects of
lavender oil on CNS, autonomic nervous system, and mood
responses in humans post-inhalation. Results revealed that
lavender oil showed a reduction in heart rate, blood pressure,
and skin temperature. In terms of mood responses, those

inhaling lavender oil were described as being more lively,
fresher, and more relaxed than those inhaling sweet almond oil
alone.” Whether such effects are ascribed to lavender oil main
active C10 monoterpene linalool or a synergism of the many
other volatile constituents in its oil has yet to be clarified using
detailed analyses by testing single individual compounds.
Linalool, on the other hand, has been shown to have anxiolytic
characteristics in a light/dark test, as well as producing
improved social interaction and reduced aggressive behavior in
mice when inhaled.*

Thyme. Thyme (Thymus vulgaris F.) (Lamiaceae), native to
Mediterranean regions and commonly used as a culinary herb,
was reported to be used as an herbal cigarette,”” and this could
be due to the presence of thymol, one of the major
constituents of thyme essential oil (representing 10—64%).”
Thymol has a distinctive aromatic odor and is thought to have
potential therapeutic uses in the treatment of respiratory,
neurological, and cardiovascular diseases,” and this can
rationalize its use in herbal cigarette blends.

Clove. Clove (Eugenia caryophyllata F.) (Myrtaceae) is
known to encompass the major volatile eugenol (up to 95%) in
addition to acetyl eugenol, f-caryophyllene, methyl salicylate,
pinene, and vanillin. Kretek cigarette manufacturers in
Indonesia used cloves, and clove cigarettes are known to be
imported from Southeast Asia.”’ The Indonesian clove
cigarettes had significantly higher levels of anethole, eugenol,
and coumarin than commercial cigarette brands that existed in
the United States.’’ Jakarta, Gudang Garam, Djarum,
Sampoerna “A”, Krakatoa, and many other Indonesian-
named brands are popular clove cigarettes. Because clove
cigarette smoke is thought to have a mild psychotropic and
euphoric effect, the neurotoxic effects of eugenol are
particularly intriguing. The exposure to high nicotine content
may also contribute to the euphoric effect.”

B HEALTH CLAIMS OF HERBAL CIGARETTES

Starting from the year 1959, 23 Asian brands of herbal
cigarettes were produced and marketed.”> Among these
brands, 11 brands were reported to contain primary herbal
ingredients, 8 brands were reported to contain a blend of
herbs, and only 4 brands contain only herbs. The actual
composition of herbal ingredients found in these herbal
cigarettes and the method of preparation are not explicitly
stated in most of the cases."” Table 1 lists herbal cigarette
brands in the market, their origins, and their ingredients. Most
of the producing companies claimed that these cigarettes have
many health benefits to smokers. Twelve brands were claimed
to treat upper respiratory tract diseases, 10 brands were
claimed to contain much lower levels of tars and carcinogens
compared to tobacco cigarettes, and 3 brands were claimed to
enhance body immunity. In addition, claims have been
extended to the ability of these herbal cigarettes to replace
tobacco cigarettes during the period of smoking cessation.'”*’

Berberine was selected as an additive in a cigarette filter to
reduce the adverse effects of cigarette smoke on human health.
A study was carried out to evaluate the effect of cigarette
smoke on the activity of oral 8peroxidases after berberine was
added to the cigarette filter.”® The study was performed on
saliva obtained from a consenting smoker revealing that there
was loss of activity of oral peroxidases by 20% and 25%,
concurrent with a reduction in the hydrogen cyanide level in
the mainstream cigarette smoke; hydrogen cyanide presence in
cigarette smoke is likely to account for the loss of activity of
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Figure 3. Hazardous classes of compounds detected in herbal cigarettes and their adverse effects on humans. Most of the hazardous compounds
such as carbon monoxide, polyaromatics, aromatic amines, nicotine, and N-nitrosamines are also found in tobacco cigarettes, which are reported for
various adverse health effects, including carcinogenic effect, reproductive capacity effect and damage, and mental health issues.

salivary oral peroxidase,”” which might be related to the
berberine inclusion in the cigarette filter.”® No toxicity,
mutagenicity, or immunotoxicity were documented for mice
inhaling a tobacco substitute primarily composed of Eucommia
ulmoides leaf at levels of up to 20 cigarettes per day over 4
weeks.”” Figure 2 summarizes the health attributes of herbs
included in herbal cigarettes.

B HERBAL CIGARETTE PHARMACOLOGICAL
ACTIVITIES

Treatment of Chronic Bronchitis and Influence on
Pulmonary Functions. Smoking an herbal cigarette contain-
ing atropine alkaloid causes a significant decrease in heart rate,
which is consistent with the systemic response to atropine-like
alkaloids, and a significant increase in peak expiratory flow rate,
which is consistent with the bronchodilator effect of reduced
cholinergic activity. Figure 3 and Table 2 reveal the main
chemicals and health attributes in herbs included in herbal
cigarettes. Smoking herbal cigarettes seems analogous to the
inhalation of ipratropium by aerosol for a local bronchodilator
effect.””

Antiasthma Herbal Cigarettes. Although smoking is
known to cause respiratory distress on occasion, breathing
smoke from herbal combinations was recommended for the
treatment of asthma and coughing as well as a range of other
respiratory disorders (Table 2). Even though inhaling fumes,
smoke, and some medical vapors has long been a known
remedy for asthma and other respiratory problems, the
smoking cure became progressively prevalent among asth-
matics and their doctors. The smoking of stramonium leaf and
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other herbal substances has become increasingly popular to
release respiratory distress, and this is due in large part to
modern definitions of asthma as a condition characterized by
spasmodic bronchoconstriction.*® In addition, the lack of
viable alternatives and a growing cultural reliance on cannabis
and opium contributed to asthmatics’ increased belief. Greek
and Roman physicians such as Hippocrates, Dioscorides, and
Galen suggested inhalation for asthma, which they defined as a
discrete and moderately severe form of breathing or dyspnoea
difficulties, associated with a wheeze and cough.89 Herbal
preparations and resinous gums were also delivered in the form
of a linctus or syrup, or by an inhalational apparatus. In most
Western and Eastern medical traditions, inhaling vapors and
smoke played a variable role in the treatment of asthma. The
belief that asthma was caused by cold, moist phlegm
accumulating in the lungs led to its use in many ancient
medical systems, including Yurvedic, Egyptian, and Greek
medicine. Despite occasional efforts to promote inhalation,
most notably by inhaler inventors and manufacturers, concerns
about the efficacy and safety of inhaling medicated vapors or
smoke from tobacco and other herbs have pushed inhalation
therapies to the periphery of clinical practice.’”

Concerns regarding the harmful consequences of smoking
herbal cigarettes on asthma patients have not dampened
clinical or pharmacological interest in inhalational therapy in
general. Major pharmaceutical corporations, on the other hand,
put effort into creating inhaled adrenergic drugs and
corticosteroids.”” The vaporized version of adrenaline was
inhaled as an alternative to subcutaneous and intravenous
delivery. Although antiasthma herbal cigarettes have nearly
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vanished because of such anxieties, the therapeutic values of
the smoking cessation have not been completely forgotten.
Inhaled treatments continue to dominate asthma management
in the current time; herbalists still sell stramonium leaf
concoctions for the relief of respiratory disorders, and a large
range of herbal smokes are available both online and over the
counter from newsagents and tobacconists.”” The Mohegans
smoked mullein to relieve asthma and sore throat, whereas the
Penobscots and the Forest Potawatomis, two Native American
tribes, smoked its dried and powdered leaves to cure asthma.*

B SENSORY CHARACTERISTICS OF HERBAL
CIGARETTES

To examine characterizing tastes in tobacco products, a variety
of methodologies are used, including sensory analysis
conducted by experts or consumers, as well as a combination
of sensory and chemical analyses.”® Sensory evaluation of
herbal cigarettes is necessary to meet consumer acceptability,
which involves safety, organoleptic attributes, cultural un-
certainty, and marketing based on the use of products. The
flavor of herbal cigarettes is a significant monitoring
conception in quality control involving mimicking the smoking
habit as best as possible.”’ Figure 2 displays the sensory and
health attributes in herbs involved in herbal cigarettes. For
characterizing the flavor, usually a qualified expert analyzes the
products to identify distinguishing flavors by smelling; such an
assessment made by these sensory experts usually aids the
tobacco industry to evaluate the sensory characteristics of
cigarettes.””> In the case of herbal cigarette testing, sensory
measures employed include comparing the smells of non-
burned cigarettes using a trained sensory expert. The
Quantitative Descriptive Analysis (QDA) 21 is commonly
used in the food industry to decide upon sensory character-
istics of the tested products compared to reference products.”’
These sensory analyses are usually confirmed using chemical
analytical tools, such as gas chromatography—mass spectrom-
etry (GC-MS).”> A more representative sample of volatile
compounds can be obtained using headspace analysis such as
static solid phase microextraction and dynamic headspace
techniques.”” Headspace GC-MS is one of the most suited
methods for the purpose of analyzing herbal cigarette aroma in
order to provide extensive coverage of active flavor
compounds.”* Headspace GC-MS has been reported for
analyzing hookah flavor of different brands and to reveal the
burning effect on its aroma composition collected using
SPME™ and has yet to be applied for herbal cigarettes. To aid
in resolving the complex volatilome as typically encountered in
herbal drugs and in the more complicated case of herbal
cigarettes, which are composed of a mixture of several agents
aside from the heat factor, multivariate data analysis ought to
be applied to determine variations among tobacco products in
terms of odor attributes.”"”°~"® For information regarding the
different methods to evaluate the flavor characteristics of
tobacco products, please refer to the review in ref 90. With
regard to potential problems with the sensory analysis of herbal
cigarettes, the loss of cigarette refreshing smell and odor over
time is often experienced. For example, these cigarettes yield a
strong flavor directly after being introduced to the smokers and
then fade before the end of smoking. Another problem that
smokers are likely to face with the addition of herbs to tobacco
products is the delayed release of flavor, and they may not
realize the flavor until a portion of the cigarette is saturated
with saliva in the mouth of the smoker.”* There is a strategy

applied by tobacco companies for manipulating sensory
attributes of cigarettes to assist the initiation of smoking by
attracting youth and young adult smokers because of the added
flavor and the beliefs about health benefits. This can stimulate
a smoking addiction among young smokers and hence
contribute to a rise of consumption of cigarette products.”

B HERBAL CIGARETTE RISKS

Probability of Addiction. Addiction is defined as the loss
of control over substance use. According to the evidence, the
majority of smokers of herbal cigarettes in the general
community are heavily reliant on it. Despite being very
motivated to quit smoking and being aware of the dangers on
their health, many habitual smokers who want to quit smoking
are trying to replace it with herbal cigarettes (Table 2 and
Figure 3). Increased addiction has been linked to a lower
prospect of quitting smoking. It is possible that it is a better
predictor of quitting than motivation. In the case of a man with
conditions of being overly active, extremely anxious,
disoriented regarding time and place, and frightened and
having hallucinations, fixed widely dilated pupils, a pulse rate of
110/min, and a blood pressure of 100/70 mmHg, he had
unrolled 18 Potter’s Asthma Remedy cigarettes and put them
into an infusion that was likely to contain stramonium leaf,
among others.”’

Toxicity. In 2015 Bak et al. determined that the mainstream
smoke of an herbal cigarette made of Artemesia contains toxic
components (Figure 3). They analyzed some of these toxic
components, ran a mutagenicity test on smoke condensates,
and compared the results to the corresponding values of a
standard cigarette with the same tar content, which when
measured was higher than that stated on the package. The
mainstream smoke of the herbal cigarette contained no
detectable levels of tobacco-specific nitrosamines or nicotine,
while carbon monoxide and benzo(a)pyrene contents were
higher in the herbal cigarette than in the general cigarette, as
were phenolic contents such as hydroquinone, resorcinol, and
catechol, albeit with a lower cresol level. Aromatic amines, such
as 4-aminobiphenyl, were also detected. The smoke con-
densates of the herbal cigarette exhibited a higher mutagenic
potential than the condensates from the general cigarette at the
same concentration owing to the combustion products.33

A study performed on commercial menthol cigarettes
comparing their aroma profile to regular cigarette smoke
concluded that menthol cigarette smoke showed cytotoxicity
leading to cell death in plant and human model cells,"”
resulting in larger pufls, deeper inhalation, or longer retention
time in the lungs; the flavor may Ii‘)lay an important role in
initiation and sensory stimulation.”"”” Determining menthol
impact on smoking behavior can give clues to the mainstream
smoke yields of multiple smoke components (e.g, tar and
nicotine) and smokers’ exposure to harmful compounds.>”
Reports stated that smoking moxa might be considered a
health risk because smoke formed during the combustion of
mugwort'*' revealed the presence of compounds commonly
found in cigarettes, such as tar, nicotine, carbon monoxide,
polycyclic aromatic hydrocarbons, ammonia, hydrogen cya-
nide, and polyaromatic amines, which are considered to have a
high risk of causing cancer.

Tobacco toxins were measured in the bodies of Chinese
herbal cigarette smokers. The principal nicotine metabolites as
well as two classes of tobacco carcinogens were investigated in
herbal cigarette smokers.”' Between herbal cigarette smokers
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and regular cigarette smokers, there was no discernible
difference in nicotine level, total nitrosamine 4-(methylni-
trosamino)-1-(3-pyridyl)butanol (NNAL). The metabolite of
the main tobacco-specific carcinogen, 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone, or 1-hydroxypyrene, naphthols,
hydroxyfluorene, and 3’-hydroxycotinine levels in urine were
lower in herbal cigarette smokers, but not after correcting for
creatinine. This finding suggests that herbal cigarette users
consume somewhat less nicotine compared to regular cigarette
users. The measurement of nicotine level in the various types
of cigarettes was not possible; thus, an explanation for the
decrease in nicotine level cannot be concluded. The
fundamental toxicity of nicotine lies in its ability to sustain
addiction, and it is unlikely that extremely modest changes in
nicotine exposure, such as those observed in this study, would
have any significant impact on the cigarettes’ addiction
potential. Among reported cases, no indication of lower
exposure to tobacco smoke carcinogen biomarkers has been
found in herbal cigarette smokers, implying no lower cancer
risk. Although their findings reveal that herbal cigarette
smokers have similar levels of carcinogens in their systems as
compared to normal cigarette users, they were unable to
evaluate the industry’s claim that herbal ingredients reduce
carcinogen toxicity. There are not many studies that
investigated or supported such claims. Total NNAL or PAHs
were found to have substantial relationships with nicotine
metabolites (cotinine and trans-3’-hydroxycotinine). The
findings are in accordance with previous studies revealing
that a link between NNAL and cotinine levels exists among
smokers'*'% and suggest that cotinine and trans-3’-
hydroxycotinine levels in smokers’ urine reflect total NNAL
and total PAH levels in Chinese herbal and regular smokers.
After switching from regular cigarettes to herbal cigarettes,
herbal users reported higher cigarette consumption. The
current study, however, was unable to review the effect of
increased consumption on nicotine and carcinogen intake from
tobacco smoke due to the cross-sectional methodology among
different reports. Future research, particularly with short-term
or long-term switching experimental designs, would be of
significance in adjusting scenarios for the protection of health
and the environment.

B CONSEQUENCES

The health effects of herbal cigarettes are not fully recognized,
and our review shows that high-quality longitudinal studies are
required to effectively identify and quantify the risks associated
with their usage. Despite the limitations of our evaluation
methodology and the research included in the study, our
findings indicate that herbal cigarettes are at least as dangerous
as normal cigarettes. The lack of proof does not negate the
necessity to limit the use of herbal cigarettes.

According to our findings, herbal cigarettes show a different
shift in quality and safety attributes when compared to tobacco
cigarettes. Given the various purported health benefits of
herbal cigarettes, the chemical content may influence human
health in a way that differs from tobacco cigarettes. This
assumption is especially troubling in terms of the long-term
health effects of herbal cigarettes. Certain herbal cigarettes,
including mugwort, coltsfoot, and damiana, may produce
notable metabolic problems, increasing the risk of a variety of
chronic metabolic diseases, such as heart disease, stroke, and
diabetes.

As a result, it is important to underline that herbal cigarettes
should be carefully examined to ensure the highest level of
safety. The current study gave comparative insights into the
various quality and development characteristics, as well as
sensory aspects, phytochemical contents, health advantages,
and safety of herbal cigarettes. The risk assessment should go
beyond the initial level in order to be considered safe and to
deliver the promised health benefits, particularly when big pilot
studies on humans of varied ages, genders, lifestyles, and/or
races are used. Legislation should be enacted to check and
restrict the components of freely accessible herbal cigarettes.

Bl CONCLUSIONS AND FUTURE
RECOMMENDATIONS

Herbal cigarettes known as tobacco-free or nicotine-free
cigarettes are those recognized as being tobacco-free and
composed of a mixture of various herbs claimed to lessen the
smoking habit side effects. However, controversial data
regarding their safety and health effects exist in the literature,
warranting a detailed analysis of reports on its consumption.
Our review suggests that herbal cigarettes have different shifts
of quality and safety characteristics compared with tobacco. In
view of the previously compiled claimed health benefits of
herbal cigarettes, the compounds in herbal cigarettes possibly
influence human health in a way that varies from tobacco
cigarettes. This assumption is of particular concern concerning
the long-term health impacts of herbal cigarettes. Certain
herbal cigarettes such as mugwort, coltsfoot, and damiana may
cause remarkable metabolic disorders, resulting in the
increased risk of numerous chronic metabolic diseases,
including heart disease, stroke, and type 2 diabetes. Hence,
the suggestion ought to be emphasized that herbal blends need
to be looked at carefully to ensure the best safety level. The
current review provides comparative insights about the
distinctive quality and development features as well as sensory
attributes, phytochemical contents, health benefits, and safety
of herbal cigarettes. Generally, the burning of herb-derived
constituents may affect the human body in many ways and
cause serious diseases. The reported alterations of phytochem-
icals found in herbal cigarettes can ultimately influence the
human body; based on that information, a precise mechanism
of diseases possibly caused by chronic exposure to herbal
cigarettes is still not clear. However, the current review initiates
intellectual thinking and insights about the harmful effect of
herbal cigarettes. The hazardous compounds found in herbal
cigarettes include carbon monoxide, polyaromatics, nicotine,
and N-nitrosamines. Besides, cotinine and trans-3’-hydrox-
ycotinine contents were assessed in smokers’ urine, reflecting
total NNAL and total PAH levels in Chinese herbal smokers as
compared to regular smokers. To improve the understanding
of quality, sensory, and safety characteristics based on chemical
composition and the health benefits of used herbs, accurate
testing involving advanced technology needs to be performed
frequently over an extended time. The risk assessment ought to
go farther than the initial level to be deliberately safe and to
fulfill the claimed health benefits, especially using large pilot
studies on humans from different ages, genders, lifestyles, and/
or races. Legislation should be imposed to inspect the easily
accessible herbal cigarettes and control their constituents.
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