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F: Formaldehyde
M: Melatonin
NS: Nigella sativa 
OSHA: Occupational Safety and Health Administration 
IARC: International Agency for Research on Cancer 
NTP: National Toxicology Program

Introduction 
 Advancement in industry and technology leads discoveries of nov-
el methods to preserve things for longer time periods and products 
which are more useful and durable in order to make our lives better. 
Though, some widely used substances may have deleterious effects 
on human health. 

 Formaldehyde (FA) is an organic compound which occurs natu-
rally, the simplest and most commercially important aldehyde. Since 
its first being reported in 1859 and conclusive identification in 1869, 
it has been extensively used in many sectors throughout the world. Its 
total production exceeded 50 million tons in 2017 of which China was 
the leader producing more than 50%, followed by USA, Russia and 
Germany. Formaldehyde is utilized in the production of urea-, phe-
nol- and melamine-formaldehyde resins which are also used mainly 
in construction, automotive, aircraft, textile and health sectors [1-3].
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Abstract

 In this review, Formaldehyde (FA) and its harmful effects were 
mentioned and additionally roles of Melatonin hormone (M) and Ni-
gella sativa (NS) were emphasized. Formaldehyde is a critical com-
pound for the formation of proteins, DNA and RNA. It is present in all 
organic forms of life, in trees, fruits, vegetables, fish, plants, and ani-
mals and human. FA is mostly in its gaseous form in the environment 
and is produced from new construction/furniture products and con-
sumer goods, as well as oxidation of organic matters or fuel burning 
in the daily traffic. Due to widespread use in so many products, FA 
is inevitably found in the domestic air in living places, especially in 
workplaces. Formaldehyde also has a broad range of applications 
in medical industry. FA is associated with nasal or nasopharyngeal 
cancers. IARC concluded that there is sufficient epidemiological evi-
dence that formaldehyde causes nasopharyngeal cancer in humans. 
In both 12th and 14th report on carcinogens from NTP, formaldehyde 
was stated as “known to be a human carcinogen”. After mentioning 

the harmful effects of FA, it was emphasized that antioxidants M 
and NS ameliorated the harmful effects of FA in rats. 

 In many mammals, the pineal gland plays a role in the secre-
tion of melatonin in the circadian rhythm of the hypothalamo-pitu-
itary-gonadal axis. When animals and tissues are exposed to lipid 
peroxidation, melatonin has a significant protective effect against 
the oxidative damage of lipids. Experimental studies have shown 
that; exposure to FA reduced behavioral sensitivity and reduced 
food intake and water consumption. At the same time there was 
a significant drowsiness and reduction in motor activity. In the pre-
frontal cortex of rats, SOD and GSH-Px activities were significantly 
reduced and FA induced the lipid peroxidation of the prefrontal cor-
tex and hence led oxidative damage. In conclusion, FA was found 
to cause lipid peroxidation and, consequently oxidative damage in 
the prefrontal cortex. 

 It was estimated by OSHA that approximately 1.9 million work-
ers were exposed to formaldehyde at concentrations of 0.1 and 0.5 
ppm, 123,000 workers at 0.5 to 0.75 ppm, and 84,000 workers at 
0.75 to 1 ppm. All these data have shown that, it is necessary to 
benefit from antioxidant substances that will reduce the harmful ef-
fects of formaldehyde, which may not be completely avoided. With-
in this compilation, we have already emphasized Melatonin and Ni-
gella sativa. Further research is essential to delineate physiological 
responses of these antioxidants before widespread use in humans 
can be promoted. Well defined clinical trials are also required to 
determine the form, dosage, route of application of Melatonin and 
Nigella sativa to grasp their long term beneficial effects on certain 
disorders.

https://www.osha.gov/Publications/3439at-a-glance.pdf
http://doi.org/10.24966/TAP-7752/100006
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 FA is an intermediate product which is later utilized mainly in the 
production of adhesives. It is also used as a preservative in medical 
laboratories, mortuaries and some consumer products. Exposure to 
FA can occur in numerous industries and professions, but the highest 
levels are found in work settings where FA is produced or used [4]. 

 A current search in Pubmed Central revealed more than 163.300 
articles on formaldehyde (Table and Graph 1). Vast majority of these 
articles are on the use of FA and its possible malicious effects on 
human health which shows that the debate is ongoing. Regulation 
changes are on the way both in the US and EU countries related with 
the use of FA in various industrial fields while defining the standards 
of FA presence in products as well as in the air. The standards are es-
sential in order to sustain a healthy environment both for workers and 
consumers.

Physical and chemical features of formaldehyde

 Formaldehyde is a member of the aldehyde family with formula 
HCHO and IUPAC name as “metanal”. At room temperature, FA is a 
colorless, flammable, strong-smelling and irritating gas with suffocat-
ing odor [1,2,4-6].

 Commercial FA is mostly available in liquid state as 30% to 50% 
aqueous solutions of the hydrated form, which is commonly referred 
to as formalin. Formalin contains up to 15% methanol as a stabilizer 
and FA in solution oxidizes slowly to form formic acid if it does not 
contain a stabilizer. Since FA may also polymerize to form parafor-
maldehyde, it can also exist in solid form as paraformaldehyde and 
1,3,5-trioxane [2].

 In our environment, FA is found in its gaseous form and is emitted 
by off gasing from new construction/furnishing products and consum-
er goods as well as from the oxidation or incomplete combustion of 

organic materials and fuel combustion from regular daily traffic. Its 
half life is almost an hour in the nature. Therefore, it is quickly broken 
down under sunlight [1,2,5-8].

 Formaldehyde is also present in human body, absorbed rapidly 
through the mucous membranes after inhalation and oral exposure. It 
is poorly absorbed via the skin. After inhalation, it is decomposed in 
the mucosa to form a toxic substance (formic acid). When FA reaches 
intracellular medium, it quickly forms covalent bonds with intracel-
lular DNA, RNA and protein pools through several metabolic path-
ways, and all of these changes are responsible for the toxic effects 
of FA. Should inhaled FA directly forms binding reaction in nasal 
mucosa without metabolic breakdown, it leads irreversible binding 
and results in necrosis, allergy, and mutagenicity in living organisms 
which is accused of causing nasopharyngeal carcinoma [9,10]. 

 Formaldehyde also has a natural endogenous source and is an 
essential metabolic intermediate in all cells for the biosynthesis of 
purines, thymidine and some amino acids [11]. Usual FA concentra-
tion in blood of humans, monkeys and rats is similar (2-3 mg/l). The 
half-life of FA in plasma of rats and monkeys is about 1-1.5 minutes 
[2,12]. Similarly, its half life in human body is almost one minute 
and thankfully it is decomposed very rapidly in liver and erythro-
cytes and discharged from the body through exhalation, urine, and 
feces. Many enzymes (at least seven) catalyze the oxidation of FA in 
animal tissues, mainly aldehyde dehydrogenase and a specific gluta-
thione-dependent Formaldehyde Dehydrogenase (FDH) which is also 
known as Alcohol Dehydrogenase5 (ADH5), hence FA affects liver 
metabolism [13-16]. 

 In many investigations, FA was observed to alter cerebral oxidant/
antioxidant systems and lead oxidative damage. Although Reactive 
Oxygen Species (ROS), including singlet oxygen, superoxide anion, 
hydrogen peroxide, and hydroxyl radical, are essential for various 
regular biological processes and are formed physiologically, the ex-
cessive production and accumulation of ROS can cause hazards in 
cells and tissues. ROS are significant mediators of cellular injury 
while they play role in oxidative stress, and can trigger various dis-
eases, or be present in media where toxicity is formed [14,17].

 FA is highly soluble in water and in most organic solvents. Since 
it is an electrophile and highly reactive molecule, it reacts with var-
ious endogenous molecules, including glutathione, nucleic acids, 
RNA, DNA, proteins, folic acid, and leads formation of strong cross-
links between DNA-protein and other molecules such as amino acids 
which causes cytotoxicity [14,18,19]. Therefore, its known carcino-
genic effects are still under extensive research. 

Sources and uses 

 Formaldehyde is a critical compound for the formation of pro-
teins, DNA and RNA. It is present in all organic forms of life, in trees, 
fruits, vegetables, fish, plants, animals and humans. 

 In our environment, FA is in gaseous form, produced by the na-
ture, cigarette smoke, refineries, forest fires and fumes released from 
new home-finishing products as well as global transportation due to 
the incomplete combustion of organics. Airborne formaldehyde is 
also emitted from some consumer goods such as hair smoothing and 
straightening products, cleaning agents, glues and adhesives. General 
population is exposed to airborne FA by breathing indoor or outdoor 

Date of Publication Number of Articles Published

Before 1970 5394

1970-1980 3807

1980-1990 9873

1990-2000 20072

2000-2010 34536

2010-2018 89647

Total 163330

Table and Graph 1: Number of articles published on formaldehyde ac-
cording to a current search in Pubmed Central.
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air contaminated with FA and from tobacco smoke. FA levels can be 
higher in indoor air than outdoor air, especially in FA utilizing work 
places and newly furnished homes. Since FA is broken down rapidly 
by sunlight in the air and metabolic process in the body, fortunately it 
does not accumulate in the nature or in the body [2-5,10,20].

 FA is utilized mainly as adhesives in construction/remodeling 
activities, in production of wood materials such as particle boards, 
laminates and other chemical derivatives for coatings, in automotive 
industry and electronic appliances, textile industry, insulating mate-
rials, foams, explosives, glues and paint resins, synthetic lubricants, 
thermoplastics, elastic fibers, in health as disinfectant, biocide, tissue 
fixative and preservative as in embalming, and in food industry as 
anti-microbial preservative [21-25]. 

 Due to widespread use in so many products, FA is inevitably found 
in the domestic air in living places, especially in workplaces. Occupa-
tional exposure to FA is under intensive surveillance in manufacturing 
plants which use FA-derived resins, such as glues, paints, plastics, 
fabrics and insulators. Therefore, Occupational Exposure Databanks 
(OEDBs) are essential sources for exposure surveillance and epide-
miological studies [2,26,27].

 Formaldehyde also has a broad range of applications in medical 
industry. People working in research facilities as well as in anatomy, 
histology, pathology, biology laboratories frequently use FA and are 
exposed to its gaseous form during educational and research activi-
ties. Therefore, all exposed people employing in such settings may 
be at higher risk for the undesired consequences of exposure to high 
levels of FA [3,4,10,28,29].

 Daily formaldehyde intake from occupational exposure has been 
estimated at up to 8 mg. Estimates of daily formaldehyde intake by 
six age groups of the general population in Canada were carried out to 
determine the relative contributions from different sources and media. 
These investigations and calculations demonstrate that daily formal-
dehyde intake via inhalation is much lower than the intake from food. 
However, since critical effects associated with exposure to formalde-
hyde are directly linked to the site of contact, inhalation and ingestion 
are usually considered separately [1,16].

 Every and all of us are being exposed to FA through inhalation or 
direct contact everyday at home, in cars, at work. Susceptible subjects 
are more prone to be affected significantly. Considering exclusively 
inhalation, indoor exposure contributes up to 98% to the integrated 
exposure (considering time-activity patterns and daily inhalation vol-
ume) [30]. Formaldehyde concentrations in outdoor air are typically 
around 1-4 µg/m3; daily exposure from outdoor air has been estimated 
at 0.1 mg or less. 

 There is no federal regulation or standard existing for formalde-
hyde levels in residential settings [31]. Indoor FA concentrations were 
investigated in many countries in homes, public buildings or kinder-
gartens for long years and reported as 28 µg/m3 in Germany [32], 11 
µg/m3 in Finland [33], 32 µg/m3 in the US [34], 256 µg/m3 in China 
[35], 27 µg/m3 in France [36], 17.4 µg/m3 in EU kindergartens [37]. 

 Important determinants of indoor air levels include the sources of 
formaldehyde emittance, the age of the source materials, temperature, 
humidity, and ventilation rates [2]. Although daily formaldehyde ex-
posure from residential indoor air in conventional homes has been 
reported to range from 0.5 to 2.0 mg, daily exposure in a prefabricated 
home was as high as 10 mg [38].

 

 Even though cigarette smoking is not very intense in the US, it is 
actually a public health problem because smoke from any cigarette 
contains FA [39]. Mansfield et al., [40] examined six different brands 
of cigarettes in the US and found that FA was present at rates of 45.2-
73.1 mg in each cigarette and 5.1-8.9 mg in each puff [40]. 

 We generally know as a word-of-mouth that passive exposure to 
cigarette smoke is more detrimental than active smoking. Triebig and 
Zober reported as a result of their study that the level of FA in side-
stream cigarette smoke was 50 times higher than its level in main-
stream smoke [41]. Supporting this finding, the National Research 
Council estimated in 1986 that the level of FA in side-stream cigarette 
smoke was 5-8 fold of its level in the mainstream smoke [39]. Indoor 
concentrations of FA can reach more than 200 µg/m3 close to some-
body who is smoking in a room [42]. Daily exposure to formaldehyde 
was estimated at up to 2 mg from smoking 20 cigarettes per day, up to 
3.5 mg from environmental tobacco smoke at home, and 2.8 mg from 
environmental tobacco smoke in the workplace [16]. 

 On the other hand, many people in the US are exposed to FA either 
through environmental sources such as combustion processes and to-
bacco smoke, or in occupational settings that include furniture, textile 
and construction industries [43].

Harmful effects 

 Emission of formaldehyde from many kinds of construction and 
furnishing materials, electronic equipment leads to indoor air pollu-
tion; from embalming fluids to workplace air pollution and from com-
bustion of organic compounds to outdoor air pollution. That’s why the 
main concerns over toxicity of formaldehyde are associated with long 
term exposure by inhalation [44].

 The major exposure route of formaldehyde is inhalation from in-
door sources. Formaldehyde is a normal component of blood. Ex-
posure of humans to 2.5 mg/m3 formaldehyde did not increase the 
blood levels and exposure to 0.5 mg/m3 did not result in an increase in 
urinary format excretion due to rapid metabolism. Indoor exposures 
are the dominant contributor to personal exposures through inhalation 
and may be high enough to cause adverse health effects [5]. 

 At concentrations above 0.1 ppm in air FA irritates the eyes and 
mucous membranes, resulting in watery eyes. Formaldehyde also 
leads headache, burning sensation in the throat, difficulty in breath-
ing, in turn can trigger or aggravate asthma symptoms, especially in 
susceptible individuals [45,46]. A review showed that exposure to 
formaldehyde is strongly correlated with development of childhood 
asthma [47].

 In the United States, high exposure levels were reported in form-
aldehyde-based resin production (mean concentrations of up to 14.2 
ppm), plastic product production (up to 38.2 ppm) [48], embalming 
(up to 2.6 ppm) [49], biology teaching labs (up to 8.3 ppm) [50], and 
pathology autopsy laboratories (up to 4.35 ppm) [51]. Daily formal-
dehyde intake from occupational exposure has been estimated at up to 
8 mg [52].

 Lavoué et al., [53] utilized formaldehyde exposure data from the 
Occupational Safety and Health Administration (OSHA) air sam-
pling database for various U.S. industries between 1979 and 2001, 
and found that the estimated relative indices of exposure based on 
time-weighted-average exposure data in reconstituted wood products 
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and lumber and wood products industries were the highest. The esti-
mated relative indices of exposure based on short-term exposure data 
(aggregated short-term, peak, and ceiling exposure levels) were high-
est in the reconstituted wood products industry and funeral services 
and crematories.

 It was estimated by OSHA that over 2 million U.S. workers were 
exposed to formaldehyde, about 45% of whom worked in the gar-
ment industry in the 1980s [54]. According to OSHA data almost 1.9 
million workers were exposed to formaldehyde at concentrations be-
tween 0.1 and 0.5 ppm, 123,000 at 0.5 to 0.75 ppm, and 84,000 at 
0.75 to 1 ppm [16]. A value below 0.94 mg/m3 formaldehyde was 
found safe against sensory irritation of the eyes for all workers [55]. 
The threshold for objective sensory irritation appears to be about 1 
mg/m3 for workers. On the other hand, for the indoor environment 
(24 hours), a value of 0.125 mg/m3 was considered safe for the entire 
population against sensory irritation, including chronic sensory irrita-
tion [56,57]. This value is also considered valid for children, because 
there is no indication that children are more susceptible to formal-
dehyde exposure than adults. The mentioned value is in accordance 
with results obtained from a recent controlled human exposure study, 
where no subjective sensory irritation occurred in the eyes and upper 
airways below 0.38 mg/m3 formaldehyde [58]. 

 The NOAEL approach has been used for setting health-based oc-
cupational exposure limits for formaldehyde, for example in Europe 
[59], Germany, Japan and the United States [5]. Based on the most 
recent scientific research, industry supports an occupational exposure 
limit of: -0.3 ppm Time-Weighted Average (TWA) - 0.6 ppm Short-
Term Exposure Limits (STEL) [24].

 A proposed guideline of 0.21 mg/m3 FA concentration was advised 
for the protection of health against long-term deleterious effects, in-
cluding cancer. The guideline for short-term effects of 0.1 mg/m3 for 
30-minute mean FA concentration is much useful and also prevents 
long-term undesired effects [5]. 

 The organ systems usually affected by FA include the eyes, upper 
and lower respiratory tract, skin and central nervous system. Irritation 
of the eyes results in a burning sensation, lacrimation, and conjuncti-
vitis [15]. 

 It has been emphasized that numerous epidemiological studies 
have evaluated the relationship between exposure to formaldehyde 
and cancer risk, i.e. cohort and nested case-control studies of indus-
trial workers, professional groups such as pathologists, funeral direc-
tors, or embalmers, and population-based studies. The most informa-
tive occupation-based studies are the National Cancer Institute (NCI) 
cohort of over 25,000 men and women who worked at working places 
that used or produced formaldehyde [60-62] and the lymphohemato-
poietic cancer in embalmers [63]. Occupational exposure to formal-
dehyde has also been evaluated in two other large studies of National 
Institute for Occupational Safety and Health (NIOSH) cohort study 
of over 11,000 male and female garment workers [64], and British 
cohort study of over 14,000 male chemical workers [65].

 Formaldehyde is classified by IARC as “carcinogenic to humans” 
[2]. In addition to sufficient evidence in experimental animals for up-
per airway carcinogenicity, IARC concluded that there is sufficient 
epidemiological evidence that formaldehyde causes nasopharyngeal 
cancer in humans. This was based on results from the U.S. National 

Cancer Institute (NCI) cohort and supported by the primarily positive 
findings in other studies. Formaldehyde is concluded to be genotoxic 
in multiple in vitro models and in exposed humans and laboratory 
animals [2,59].

 In medical settings, FA is commonly used in anatomy, histolo-
gy, pathology and genetics laboratories. Acute FA exposure mainly 
produces mucosal irritation of the eye and upper respiratory tract in 
human. Further studies in humans showed increased DNA-protein 
cross-links (DPX) in workers exposed to formaldehyde, and genotox-
icity as well as cytotoxicity are considered to play important roles in 
the carcinogenesis of formaldehyde in nasal tissues [2,5] where cell 
proliferation due to cytotoxicity is considered a key element in the 
development of airway cancer [59,66]. The toxicity involved chromo-
some damage, oxidative stress, modified proteins and cellular apopto-
sis [67]. 

 The gaseous form of FA, at concentrations greater than 6 ppm, 
causes injuries and cellular denaturation in the nasal mucosa. For this 
reason, FA concentrations of 6 ppm or greater was accepted as the 
cytotoxic concentration for nasal mucosa and may induce carcinoma 
primarily in the nasal mucosa of rats [68]. Moreover, drastic inju-
ry to the cornea and eye tissue was noticed when examined using 
direct contact with 37% FA in rabbit eyes [69]. In the study by Sa-
lem et al., rats were exposed to FA inhalation 2 h/day, 5 days/week 
for two weeks. Examination of corneal section showed disorganisa-
tion, erosion, vacuolation and necrosis of epithelial cells with loss 
of some parts of epithelial layer and edema of its cells. Absence of 
the Bowman’s membrane, invasion of large congested blood vessels 
were noted with separation and disorganisation of stromal fibrils [70]. 
FA was also observed to affect cerebral oxidant/antioxidant systems 
and cause oxidative damage. Although Reactive Oxygen Species 
(ROS), including singlet oxygen, hydrogen peroxide, superoxide an-
ion, and hydroxyl radical, are essential for many normal biological 
processes and are produced physiologically, the excessive production 
and accumulation of ROS can become hazardous to cells and tissues 
[14,71,72]. ROS are important mediators of cellular injury, play a role 
in oxidative stress, and can contribute to a variety of diseases, or be 
present in situations where toxicity is produced [17]. 

 Based on the research results in animals as well as cohort and 
case-control studies in humans, the 12th edition of the National Tox-
icology Program (NTP) Report on Carcinogens (RoC) in June 2011 
changed the listing status of formaldehyde from “reasonably antici-
pated to be a human carcinogen” to “known to be a human carcin-
ogen” [73]. National Academy of Sciences published a report from 
National Research Council (NRC) in August 2014 on “A review of 
the formaldehyde assessment in the National Toxicology Program 
12th Report on Carcinogens (RoC) “and also upheld the listing of 
formaldehyde as “known to be a human carcinogen”. The committee 
that wrote the report found that the listing was supported by suffi-
cient evidence from human studies that indicated a causal relationship 
between exposure to the chemical and at least one type of human 
cancer. For instance, studies on workers exposed to high levels of 
formaldehyde, such as industrial workers and embalmers, found that 
formaldehyde causes myeloid leukemia, and rare cancers including 
sinonasal and nasopharyngeal cancer in humans. The mechanisms by 
which formaldehyde causes cancer are not completely understood; 
however, formaldehyde clearly causes genetic damage in the nasal si-
nus of animals. Less is known about how it causes myeloid leukemia 
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[10,43]. On the contrary to these studies and conclusions, there were 
other studies which reported that no excess nasopharyngeal cancer 
was observed at mean exposure levels at or below 1.25 mg/m3 and 
with peak exposures below 5 mg/m3 in humans [5]. After evaluating 
all data and conducting both a peer review of the RoC and an inde-
pendent assessment of the formaldehyde literature, the Committee of 
NRC reached the same conclusion [43]. 

 New EU classification for formaldehyde in 2014: An association 
between FA exposure and carcinogenicity has been studied globally 
for decades. New classification in European Union entered into ef-
fect in June 2014 and following conclusions were reached: Carcino-
genicity, category 1B (“suspected of causing” to “presumed human 
carcinogen”); Mutagenicity, germ cell mutagen category 2 following 
the extensive work of EU REACH (Registration, Evaluation, Autho-
rization, and restriction of Chemical substances) committee [20]. 

 Even though FA is reported as “known to be human carcinogen”, 
concentration, intensity, duration of exposure and other factors are 
also very important contributors in the development of harmful ef-
fects. Therefore, further investigations and regulation updates are 
continuously on the way. Supporting this, U.S. Department of Health 
and Human Services released the 14th Report on Carcinogens on No-
vember 3, 2016 and there has been no change in the known carcino-
genic status of FA [16].

Antioxidants
 Antioxidants are exogenous or endogenous molecules that mit-
igate any form of oxidative/nitrosative stress or its consequences. 
They may act from directly scavenging free radicals to inducing an-
tioxidative defense. An antioxidant substance is present in the cell at 
low concentrations and significantly reduces or prevents oxidation of 
the oxidizable substrate. Humans have developed highly complex an-
tioxidant systems (enzymatic and non-enzymatic), which work syner-
gistically, and together with each other to protect the cells and organ 
systems of the body against free radical damage [74]. 

 Antioxidant deficiencies can develop as a result of decreased anti-
oxidant intake, synthesis of endogenous enzymes or increased antiox-
idant utilization. Antioxidant supplementation has become an increas-
ingly popular practice to maintain optimal body function. However, 
antioxidants exhibit pro-oxidant activity depending on the specific set 
of conditions. Of particular importance are their dosage and redox 
conditions in the cell [17]. 

 The most important free radicals in many disease states are ox-
ygen derivatives, particularly superoxide anion (the main source of 
hydrogen peroxide in vivo) and the hydroxyl radical [17]. 

 It is stated that oxidative stress is a “privilege” of aerobic organ-
isms. It is consisted of endogenous and exogenous factors. Most fre-
quently, it is described by the production of ROS/RNS. On the other 
hand, oxidative stress is also a deleterious process which can be an 
important mediator of damage to cell structures, including lipids and 
membranes, proteins and DNA [74]. 

 The formation of ROS is prevented by an antioxidant system: 
Low molecular mass antioxidants (ascorbic acid, glutathione, tocoph-
erols), enzymes regenerating the reduced forms of antioxidants, and 
ROS-interacting enzymes such as SOD, peroxidases and catalases. In 
plant tissues many phenolic compounds (in addition to tocopherols)  

are potential antioxidants: Flavonoids, tannins and lignin precursors 
may work as ROS-scavenging compounds. Antioxidants act as a co-
operative network, employing a series of redox reactions. Interactions 
between ascorbic acid and glutathione, and ascorbic acid and pheno-
lic compounds are well known [75].

 The most efficient enzymatic antioxidants contain glutathione 
peroxidase, catalase and superoxide dismutase. Non-enzymatic an-
tioxidants include Vitamin E and C, thiol antioxidants (glutathione, 
thioredoxin and lipoic acid), melatonin, carotenoids, natural flavo-
noids, and other compounds. Some antioxidants can interact with oth-
er antioxidants regenerating their original properties; this mechanism 
is usually referred to as the “antioxidant network”. There is growing 
evidence to support a link between increased levels of ROS/RNS and 
deteriorated activities of enzymatic and nonenzymatic antioxidants in 
various diseases [74,76]. 

Enzymatic antioxidants

Glutathione peroxidase: Glutathione metabolism is one of the most 
important antioxidative defense mechanisms present in the cells 
[17,75].

Catalase: Very efficiently promotes conversion of hydrogen peroxide 
to water and molecular oxygen. Its highest activity is present in liver 
and erythrocytes but some catalase is also found in all tissues [77].

Superoxide dismutase: It is one of the most potent intracellular en-
zymatic antioxidants. It neutralizes superoxide anions by specifically 
catalyzing into oxygen molecule and hydrogen peroxide [74].

Nonenzymatic antioxidants

Vitamin E (Tocopherols): Existing in eight different forms, these 
compounds are lipid soluble and especially α-tocopherol is the most 
effective antioxidant of the tocopherols having significant antioxidant 
properties. The main function of Vitamin E is to protect against lipid 
peroxidation, and there is also evidence to suggest that α-tocopherol 
and ascorbic acid function together in a cyclic-type of process [78]. 

Vitamin C (ascorbic acid): This is a crucial antioxidant which works 
alone with the antioxidant enzymes or together with its partners Vita-
min E and carotenoids in aqueous environments of the body. Vitamin 
C is a reducing agent and neutralizes hydrogen peroxide [79]. 

Thiol antioxidants: The major thioldisulphide redox buffer of the 
cell acting as a multifunctional intracellular antioxidant is the reduced 
glutathione (GSH). It is abundant in cytosol, nuclei, and mitochon-
dria, and is the major soluble antioxidant in these cell compartments. 
The protective roles of glutathione against oxidative stress are that 
it can act as a co-factor for various detoxifying enzymes, contribute 
to amino acid transport across plasma membrane, directly scavenge 
hydroxyl radical and singlet oxygen, and converts Vitamins C and E 
back to their active forms [80]. Pathogenesis of many diseases are 
found to be associated with a significant decrease in GSH concen-
tration. 

 N-acetylcysteine is also a thiol containing antioxidant which 
stimulates GSH synthesis and thence leads to antioxidant action [81]. 

 Melatonin (N-acetyl-5-methoxytryptamine) is a chief secretory 
product of the pineal gland in the brain which is well known for its 
functional versatility. Melatonin has been documented as a direct free 
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radical scavenger and an indirect antioxidant, as well as an important 
immunomodulatory agent. Furthermore, melatonin stimulates a num-
ber of antioxidative enzymes including superoxide dismutase, gluta-
thione peroxidase, glutathione reductase, and catalase [82].

Carotenoids: They are especially efficient scavengers of singlet ox-
ygen, and can also trap peroxyl radicals. Carotenoids play a role in 
preventing in vivo lipid peroxidation.

Flavonoids: Are scavengers of peroxyl radicals and effective inhibi-
tors of lipid peroxidation. They can also chelate redox-active metals.

Dietary supplementation of the body with exogenous antioxidants 
may be required to provide the redox homeostasis in cells. Since sev-
eral plant products are rich in antioxidants and micronutrients, it is 
possible that dietary antioxidant supplementation protects against the 
oxidative-stress-mediated disease development. Unfortunately, it has 
been reported that many clinical trials demonstrated the failure of an-
tioxidant therapy in the treatment of pathologies such as cardiovascu-
lar diseases, coronary artery disease and neurodegenerative diseases 
which are associated with oxidative stress [83-85].

 Many people take antioxidant supplements in their diet regardless 
of lack of robust evidence attributed to their effects. They simply be-
lieve that antioxidants or other dietary supplements have positive ef-
fects against deleterious factors in the body and environment, as well 
as protecting the tissues and cells from damage and aging [83,86].

 The risk-benefit ratio for the intake of dietary antioxidants con-
currently with chemotherapy or radiation therapy is still a topic of 
debate. Many clinical trials were conducted by adding various anti-
oxidants to the traditional treatment regimen. Most frequently used 
supplementary agents were glutathione, vitamin E and NAC in these 
trials. It was advised as a result of a systematic review study by Of-
fice of Cancer Complementary and Alternative Medicine that “The 
clinical cancer research community should cooperate and focus new 
studies on the use of a specific combination of antioxidant and che-
motherapy or radiotherapy, and determine optimal doses for a specific 
cancer setting” [86].

 Despite the assumption that antioxidants should exert beneficial 
effects against oxidative/nitrosative stress, many large-scale random-
ized controlled trials gave inconsistent and disappointing results on 
the prevention of chronic diseases [17]. However, it is at least unlike-
ly that antioxidants impair physiologically essential signaling path-
ways. 

 A current search at Clinicaltrials.gov with the keyword “antioxi-
dant” revealed 4119, with the keyword “formaldehyde” revealed 368 
and the keyword “formaldehyde exposure” revealed 25 completed, 
withdrawn or ongoing trials in which antioxidant supplementation in 
various disorders or formaldehyde is used in some way (Table and 
Graph 2). These efforts show that there is still so much to do for fur-
ther investigations on formaldehyde and antioxidants.

Beneficial effects of Nigella sativa on FA toxicity 

 Nigella sativa (NS) [recognized as black seed or black cumin] is 
a well-known immune stimulant that protects against many patho-
logical conditions [87,88]. It also has anti-inflammatory activities 
proven by the fact that NS extracts inhibited the pro-oxidant nitric 
oxide production [89]. NS aqueous extract demonstrated powerful 

antioxidative properties on oxidative hepatic damage induced by car-
bon tetrachloride, proving its hepato-protective role [90]. 

 Thymoquinone (TQ) is the major active component of Nigella sa-
tiva Linn and has been shown to exhibit anti-tumor activity against 
breast, lung, prostate, liver, colon and pancreatic cancer [91]. The 
mode of action of TQ against cancer has been suggested to be through 
its antioxidative properties and interaction with DNA synthesis. Free 
radical generation could also be controlled by administration of TQ. 
Chemosensitising effect of TQ in the treatment of 5-Fluorouracil in-
duced gastric cancer has been reported [91]. In a study by Badary et 
al., TQ was reported to display powerful antioxidative and protective 
properties in proteinuria and hyperlipidemia associated with nephrot-
ic syndrome [92]. TQ also exhibits its role in inflammatory pathogen-
esis through its antioxidant action. 

 NS has been demonstrated to improve total antioxidant status in 
rats treated with methionine induced HHcy [93]. Presence of phenolic 
compounds in NS, such as vanillic acid, could also contribute to the 
antioxidant properties of NS. These compounds may also be respon-
sible for its antimutagenic activities [94,95]. NS has been reported to 
have the potential to protect against gamma-radiation induced oxida-
tive damage [96]. It was also found that when cisplatin was coadmin-
istered with NS, the nephrotoxicity was reduced [97].

 Several studies showed that serum IgA levels increased following 
exposure to various toxic agents [98,99]. IgA is a mucosa-protecting 
antibody, and Mishra et al., [98] found that serum IgA levels were 
increased in a group of lead-exposed workers compared to those of 
unexposed healthy controls. Several other studies showed that IgA 
levels decreased in workers with occupational exposure to benzene 
or dioxin [100,101]. Terro´n et al., [102] showed that IgA levels de-
creased following the administration of antioxidants. In Zhu et al.’s 
experimental study, levels of IgA were found to be increased in rats 
exposed to aluminum [99]. Based on the current findings, we can 
conclude that IgA levels increase in response to FA exposure and de-
crease with the addition of antioxidants.
 

Search Term Number of Clinical Trials Conducted

Antioxidant 4119

Formaldehyde 368

Formaldehyde exposure 25

Table and Graph 2: Number of clinical trials conducted with related 
search terms according to a current search in Clinicaltrials.gov.
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 In our study, administration of NS oil decreased total serum IgA 
levels, which was increased following FA exposure. NS ameliorated 
the immunotoxic effects of low-dose FA, but NS did not compensate 
for the immunotoxic effects of the high-dose FA exposure [103]. 

 In an experimental study by Vargova´ et al., rats that received FA 
orally (20, 40, and 80 mg/kg) showed a dose-dependent decrease 
in serum IgM levels [104]. In our study, the IgM values of the FA 
groups were elevated compared with those of the control group. We 
assume that the increase in IgM values in this study may have been 
an acute response of the immune system to FA exposure. We found 
that the administration of NS oil decreased the serum total IgM levels, 
which were elevated in response to FA exposure. The acute immune 
response (IgM) induced both by the low- and high-dose FA returned 
to normal levels following the NS treatment [104]. 

 Ayatollahi [105] found a significant reduction in the IgG levels 
of humans with occupational exposure to lead. Similarly, we found 
a significant decline in the IgG levels of the rats exposed to FA com-
pared with those of the control group. This result suggests that FA 
inhalation substantially suppressed the secondary immune antibody 
response (IgG). In accordance with our findings, the NS oil did not 
improve serum IgG levels, which were depressed by FA exposure. 

 We found a significant increase in serum C3 levels of the FA 
groups compared with the control group. This suggests that there is a 
pronounced humoral immune response to FA. The return of elevated 
C3 levels following FA exposure to normal values after administra-
tion of the NS oil suggests that cells that produce C3 are not irrevoca-
bly damaged by FA (reversible effect) [103]. 

 In another study on rats challenged with typhoid antigen, treat-
ment with NS volatile oil reduced the serum antibody titer compared 
with the control animals [106]. Likewise, in our study, FA exposure 
increased serum IgA and IgM levels. These antibodies were decreased 
in the FA + NS group compared with those of the FA groups. The 
elevated responses of C3 and acute antibody to FA, which is a foreign 
antigen for the organism, returned to normal levels following the NS 
treatment (immunoregulatory effect). However, NS application had 
no effect on the secondary immune response [103]. 

 Salem et al., [70] evaluated in their study the role of Nigella sativa 
oil on corneal injury induced by formaldehyde inhalation 2 h/day, 5 
days/week for two weeks in rats. In the corneal sections of FA group, 
disorganisation, erosion, vacuolation and necrosis of epithelial cells 
were observed. Absence of Bowman’s membrane, invasion of large 
congested blood vessels as well as separation and disorganisation of 
stromal fibrils were reported. However, examination of corneal sec-
tions in FA+NS group demonstrated intact layers of epithelial cells 
with normal appearance. Bowman’s membrane was also intact and 
stroma showed regular parallel collagen laminae. An electron photo-
micrograph showed quite normal appearance of epithelial cells with 
slight vacuolation in its cytoplasm [70]. Hence we understand that NS 
application counteracted the deteriorative effects of FA exposure. 

 Hundreds of investigations performed have demonstrated that NS 
is beneficial in counteracting oxidative stress. Currently, 15 clinical 
trials utilizing Nigella sativa in 69 various clinical conditions are run-
ning in 5 different regions all over the world (Table and Graph 3). 
Administration of NS in FA toxicity studies should also be supported 
and added to these clinical trials.

Beneficial effects of melatonin on FA toxicity

 Melatonin (N-acetyl-5-methoxytryptamine) is released by the pi-
neal gland during the dark phase of the day. It is an endogenous neu-
rohormone and has both hydrophilic and highly lipophilic properties 
[107,108]. Melatonin has a non-toxic nature, passes easily through 
biological membranes [109], blood-brain barrier [110] and enters sub 
cellular compartments by which exerts its effects at all levels. 

 Melatonin is an effective scavenger for both the toxic hydroxyl 
radical and the peroxyl radical at high levels [111]. In many mam-
mals, the epiphyseal gland plays a role in the secretion of melatonin in 
the circadian rhythm on the hypothalamo-hypophyseal-gonadal axis 
[112]. Melatonin has a negative effect on testicular functions [113]. 
These inhibitory effects of melatonin occur primarily through the 
hypothalamo-hypophyseal axis [114-116]. Melatonin may affect the 
direct androgen secretion on Leydig cells [117]. Niedziela and Lu-
kaszyk [118] have shown that melatonin prevents testosterone release 
induced by forskolin, a cAMP stimulator, in hamster leydig cells. 

 Melatonin is involved in various physiological processes [119] and 
additionally has neuroprotective role [120-126] as well as claimed to 
be effective on the immune system [127]. 

 At the same time, when animals and tissues were exposed to lip-
id peroxidation, melatonin was shown to be an important protector 
against the oxidative destruction of lipids by stimulating some antiox-
idant enzymes [82]. Melatonin has significant capability to scavenge 

Category Number of Clinical Conditions

Blood and lymph conditions 7

Cancers and other neoplasms 2

Digestive system diseases 12

Diseases and abnormalities at or before birth 5

Ear, nose, and throat diseases 1

Gland and hormone related diseases 1

Heart and blood diseases 2

Immune system diseases 4

Mouth and tooth diseases 5

Nutritional and metabolic diseases 15

Respiratory tract (lung and bronchial) diseases 5

Skin and connective tissue diseases 3

Symptoms and general pathology 9

Table and Graph 3: Clinical trials conducted utilizing Nigella sativa ac-
cording to conditions by category (Clinicaltrials.gov).
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both ROS and RNS, as well as blocking transcriptional factors of 
pro-inflammatory cytokines and preserving macromolecules includ-
ing DNA, proteins and lipids, hence demonstrates its protective ef-
fects through inhibiting oxidative damage [120-124]. 

 We investigated the protective effects of melatonin against formal-
dehyde in prefrontal cortex at immunohistochemical and biochemical 
levels in our study. We reported that melatonin prevented FA-induced 
neuronal damage in the prefrontal cortex of rats in our study [128].

 Formaldehyde has many harmful effects on various tissues of the 
body including the eye, gonad, skin, respiratory tract and gastroin-
testinal tract [129]. FA exposure-induced fatigue, headache, indiges-
tion, balance and sleep disorders, mental and memory confusions 
have been reported. Therefore, FA toxicity affects the central nervous 
system [130,131]. In addition, behavioral and emotional distress, se-
vere fatigue, thirst and irritability cases have been reported on peo-
ple working in industrial areas where formaldehyde is regularly used 
[130,132].

 Studies on rats have shown that exposure to FA slows down motor 
activity [133]. Pitten and colleagues showed that learning capacity 
is hampered by the FA that they gave to rats via inhalation [134]. In 
addition, other studies on rats have reported that exposure to FA pro-
duces behavioral sensitivity and hesitation [135,136]. 

 We found in our study that rats exposed systemically to FA had a 
marked decline in food and water consumption, also had lethargy and 
slow motor activity [128]. Teng et al., [136] found that FA caused ox-
idative damage even at low concentrations in experimental studies on 
isolated rat hepatocytes. It was also found that FA causes significantly 
reduced SOD and GSH-Px activities in the prefrontal cortex of rats in 
our study, indicating that FA caused oxidative damage by disrupting 
the antioxidant defense mechanism of the prefrontal cortex [128]. 

 MDA parameters are very important in determining lipid perox-
idation and are widely used to determine oxidative damage [137]. 
MDA levels were determined to be significantly higher in the experi-
mental group than in the control group in our previous study. Accord-
ing to this result, we have concluded that FA causes lipid peroxidation 
of the prefrontal cortex and hence oxidative damage [128]. Following 
administration of FA in rats, similar data have been reported by Teng 
et al., [136]. 

 Genetically programmed cell death is termed apoptosis. If the 
cell is damaged or completes the function, it will disappear safely 
[138,139]. Mitochondria have important roles in apoptosis. The death 
signals cause an increase in the permeability of the outer mitochon-
drial membrane, which caused by apoptosis. Some proteins regulate 
permeability in the outer membranes of mitochondria. The proteins 
of the Bcl-2 family are the most important among them. Some of 
these proteins are pro-apoptotic, while others are anti-apoptotic. 
These include Bax; which is a pro-apoptotic protein that causes cyto-
chrome C release into cytoplasm from the mitochondrial membrane. 
Subsequently, cytochrome C initiates apoptotic processing by activat-
ing caspase in the cytoplasm. However, Bcl-2 inhibits the release of 
cytochrome C by inhibiting the addition of Bax to an anti-apoptotic 
protein. Immunohistochemical Bax staining in the cytoplasm of cells 
suggests apoptosis [140,141]. Our research showed that FA caused 
apoptosis in the prefrontal cortex [128]. Similarly, it has been report-
ed in previous studies that FA causes DNA damage and thus leads to 
apoptosis [142,143]. 

 Numerous investigators who are interested in this topic have stud-
ied the antioxidant effects of melatonin in their studies on the ner-
vous system and have finally stated that melatonin has pronounced 
neuroprotective effect [120-126,144] and stimulation of the immune 
system [127]. 

 Skaper and co-workers have reported that melatonin prevents 
aging-related neuronal damage [121]. We reported that melatonin 
treatment prevented formaldehyde-induced neuronal damage in the 
prefrontal cortex of rats in our study [128]. Our study demonstrated 
that FA caused apoptosis in the prefrontal cortex [128]. 

 When Clinicaltrials.gov is searched with a keyword “melatonin 
or circadin”, it can be seen that 460 clinical studies in 501 various 
conditions are currently conducted in 12 different regions all over the 
world. Among these, 172 studies are running in the US and 127 in 
European countries (Table and Graph 4).

 Of these ongoing studies, we can readily presume and hypothesize 
that humans are awaiting many good news in the upcoming years 
from melatonin-related supplements. 

Concluding Remarks
 We mainly reviewed the harmful and toxic effects of formalde-
hyde on human health and antioxidant effects of some agents as mel-
atonin and Nigella sativa counteracting against FA. Formaldehyde is 
a critical compound for the formation of proteins, Deoxyribonucleic 
Acid (DNA) and Ribonucleic Acid (RNA). It is present in all organic 
forms of life, plants, animals and human. FA is mainly in gaseous 
form and subject to oxidation. It is inevitable to have FA in indoor 
air and especially in workplaces. In addition, FA has a wide range of 
utilization fields in the medical sector. 

 The International Agency for Research on Cancer (IARC) con-
cluded that FA had sufficient epidemiological evidence that it caused 
at least nasopharyngeal cancer in humans. Today, a large number of 
research on the role of antioxidant substances in preventing undesired 
effects of FA is being conducted. Still many questions persist and new 
ones arise. Does melatonin hormone play critical roles opposite to the 
effects of FA? Can the oil from NS seed eliminate the harmful effects 
of FA? If so, how often shall we use them?

 We observed a significant reduction in food and water consump-
tion and numbness in rats which were systematically exposed to FA. 
At the same time, significant reduction in motor activity was found. In 
the prefrontal cortex of rats, Superoxide Dismutase (SOD) and Glu-
tathione Peroxidase (GPx) activities were significantly reduced, and 
these findings demonstrated that FA disrupted the antioxidant defense 
mechanism and caused oxidative damage. All these findings indicate 
that the central nervous system is also affected by FA.

 In our experimental group, Malondialdehyde (MDA) levels were 
significantly higher than the control group. According to this result, 
we suggest that FA causes lipid peroxidation of the prefrontal cortex 
and hence oxidative damage. Our research showed that FA caused 
apoptosis in the prefrontal cortex. Furthermore, Melatonin treatment 
prevented formaldehyde-induced neuronal damage in the prefrontal 
cortex of rats.

 Thymoquinone, the main active element of NS, shows anti-tumor 
activity against breast, lung, prostate, liver, colon and pancreatic can-
cers. Serum IgA and IgM levels increased when rats were exposed to 
FA inhalation. However, we observed that high serum total IgM levels 
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returned to normal following exposure to FA in combination with NS 
oil administration.

 

 In conclusion, considering the inevitable utilization of FA in in-
dustry and all over in our life, antioxidant elements, such as M and 
NS, might also be used as a supplementation to eliminate or at least  

to lessen the toxic and harmful effects of FA. For this goal, standard-
ized clinical researches should be encouraged to ascertain effects of 
these antioxidants before encouraging their regular use in humans. 
Moreover, formulation, dosage, route of application of Melatonin and 
Nigella sativa in combatting against certain disorders or maintaining 
healthy status should be determined in future studies.
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