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Abstract Incense smoke exposure has recently been linked to
cardiovascular disease risk, heart rate variability, and endothe-
lial dysfunction. To test the possible underlying mechanisms,
oxidative stress, and inflammatory markers, gene expressions
of cardiac hypertrophic and xenobiotic-metabolizing enzymes
and ultrastructural changes were measured, respectively, using
standard, ELISA-based, real-time PCR, and transmission
electron microscope procedures in heart tissues of
Wistar rats after chronically exposing to Arabian incense.
Malondialdehyde, tumor necrosis alpha (TNF)-«, and IL-4
levels were significantly increased, while catalase and gluta-
thione levels were significantly declined in incense smoke-
exposed rats. Incense smoke exposure also resulted in a sig-
nificant increase in atrial natriuretic peptide, brain natriuretic
peptide, 3-myosin heavy chain, CYP1A1 and CYP1A2 mes-
senger RNAs (mRNAs). Rats exposed to incense smoke
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displayed marked ultrastructural changes in heart muscle with
distinct cardiac hypertrophy, which correlated with the aug-
mented hypertrophic gene expression as well as markers of
cardiac damage including creatine kinase-myocardial bound
(CK-MB) and lactate dehydrogenase (LDH). Increased oxida-
tive stress, inflammation, altered cardiac hypertrophic gene
expression, tissue damage, and architectural changes in the
heart may collectively contribute to increased cardiovascular
disease risk in individuals exposed to incense smoke.
Increased gene expressions of CYPIA1 and CYP1A2 may
be instrumental in the incense smoke-induced oxidative stress
and inflammation. Thus, incense smoke can be considered as
a potential environmental pollutant and its long-term exposure
may negatively impact human health.

Keywords Arabian incense - Oxidative stress -
Inflammation - Cardiac hypertrophic genes - Cytochrome
P450 - Cardiovascular diseases - Cardiac damage -
Ultrastructural changes

Introduction

Incense burning is a common practice in many South East
Asian and Middle Eastern nations where incense is burnt as
a religious ritual or solely to fragrant homes (Wang 2007;
Yeatts et al. 2012). The incense used around the world is
typically a combustible mixture of aromatic plant materials
and essential oils, which releases fragrant smoke upon burning
(Lin et al. 2008). The most common types of Arabian incense
used in the Middle Eastern countries are referred to as bakhour
and oudh. A wide variety of substances are used to produce
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bakhour, such as sandal wood tree resin, agarwood, essential
oils, and perfumes, whereas oudh is a homogenously made
agar wood from Aquilaria agallocha, which develops an aro-
matic smell due to fungal infection (Wahab and Mostafa 2007;
Al-Rawas et al. 2009; Alokail et al. 2011). Upon burning,
incense releases particulate matter; gases such as CO, CO,,
NO,, and SO,, aldehydes; metallic elements; polycyclic aro-
matic hydrocarbons (PAHs) such as benzo(a)pyrene (BaP),
naphthalene, and fluoranthene; and volatile organic com-
pounds including benzene, toluene, and xylene (Wang 2007;
Yang et al. 2007; Lin et al. 2008; Chuang et al. 2011a). The
characteristics of Arabian incense smoke including bakhour
and oudh have also been recently described (Cohen et al.
2013). Incense smoke is increasingly being recognized as a
potential environmental contaminant based on recent re-
ports describing its association with several chronic dis-
eases. Since inhalation is a mode of exposure, a large
number of studies have linked the incense smoke expo-
sure to increased risk of developing respiratory tract
carcinomas and other airway diseases (Lin et al. 2008;
Friborg et al. 2009; Xie et al. 2014). Arabian incense
smoke is also implicated in the development of asthma
(Wahab and Mostafa 2007; Al-Rawas et al. 2009). We
have earlier shown that long-term Arabian incense
smoke exposure contributes to insulin resistance and
dyslipidemia in male Wistar rats (Alokail et al. 2011).
We also reported that inhalation of smoke from
Boswellia papyrifera and Boswellia carterii, which are
essential components of Arabian incense, alters cauda
epididymal spermatozoa, spermatogenesis, and sperm
parameters in Wistar rats (Ahmed et al. 2013; Ahmed
et al. 2014).

A number of environmental contaminants such as cig-
arette smoke, automobile exhausts, biomass fuel, and air
pollution are implicated in the pathogenesis of cardiovas-
cular diseases (CVDs) (Li et al. 2011; Al-Arifi et al. 2012;
Lee et al. 2014; Shan et al. 2014). Importantly, these
pathological events are reported to be triggered by in-
creased oxidative stress and inflammation (Tousoulis
et al. 2008; Lee et al. 2011). Long-term exposure to cig-
arette smoke has also been shown to cause cardiac tissue
damage as evidenced by increased serum levels of lactate
dehydrogenase (LDH) and cardiac specific creatine kinase
isoform such as creatine kinase-myocardial bound (CK-
MB) (Anbarasi et al. 2005; Gokulakrisnan et al. 2011).
These experimental pieces of evidence establish the caus-
al link between exposure to environmental toxicants and
the risk of developing CVDs.

Cardiac hypertrophy is characterized by an increase in size
or thickness of ventricles resulting largely from an increase in
individual cardiac myosites. Cardiac hypertrophy reflects a
pathological state and is an independent predictor of CVD risk
(Frey et al. 2004). Atrial natriuretic peptide (ANP), brain
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natriuretic peptide (BNP), and [3-myosin heavy chain (f3-
MHC) are produced and released by myosites as a compensa-
tory mechanism to positively modulate the cardiac functions
against cardiac hypertrophy. Cardiac hypertrophy in response
to several cardiotoxins such as cigarette smoke, carbon mon-
oxide, and doxorubicin is associated with the induction of
ANP, BNP, and 3-MHC genes associating the enhanced ex-
pression of ANP, BNP, and 3-MHC with the increased CVD
risk (Mori et al. 2004; Sanbe et al. 2005; Meurrens et al. 2007;
Bye et al. 2008; Richard et al. 2011).

The BaP, a prototype of PAH, one of the major constit-
uents of environmental contaminants, is metabolized by
cytochrome P450 (CYP)-dependent monooxygenase sys-
tem. The members of the CYP family most active in the
metabolism of BaP and other chemical carcinogens in-
clude CYP1A1, CYP1A2, CYPIBI, and CYP2E1 (Kim
et al. 1998; Ioannides and Lewis 2004). Importantly, BaP
enhances its own metabolism by inducing the expression
of these CYP enzymes (Harrigan et al. 2006; Pushparajah
et al. 2008). The metabolism of BaP by the catalytic ac-
tion of CYP enzymes results in the production of bioac-
tive and unstable intermediary metabolites. These metab-
olites are cytotoxic and mutagenic and are usually detox-
ified by the enzymatic action of phase Il enzymes
(Shimada 2006). Thus, relative expression of CYPs and
phase II proteins determines the ratio of activated to de-
toxified intermediary metabolites. Importantly, studies
have found a positive association between induction of
CYPs and oxidative stress and inflammation in response
to various environmental toxicants, suggesting the possi-
ble role of induction of CYPS in the generation of oxida-
tive stress and inflammation (Tousoulis et al. 2008; Tsuji
et al. 2011; Raza et al. 2013; Hussain et al. 2014).

Recent studies have found the endothelial dysfunc-
tion, heart rate variability, and enhanced CVD risk after
exposure to incense smoke (Weber et al. 2011; Huang
et al. 2014; Pan et al. 2014). However, the studies in-
vestigating the underlying mechanism are lacking. We
suspected that increased oxidative stress, inflammation,
altered cardiac hypertrophic gene expressions, and car-
diac tissue damage and tissue architectural changes
might be contributing to pathophysiological events in
the increased risk of CVDs in subjects exposed to in-
cense smoke. We further hypothesized that incense
smoke might affect the gene expressions of heart
xenobiotic-metabolizing enzymes which might be instru-
mental in the generation of oxidative stress in the heart.
Accordingly, in this study, we measured oxidative stress
and inflammatory markers, cardiac hypertrophic gene
expressions, ultrastructural changes, and the gene ex-
pressions of CYPIA1 and CYP1A2 in heart tissue and
serum cardiac damage markers in male Wistar rats after
chronically exposing to Arabian incense.
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Materials and methods
Animals

Male Wistar albino rats (Rattus norvegicus) aged 7-8 weeks,
weighing 200-210 g, were obtained from the Animal Care
Center, College of Pharmacy, King Saud University; Riyadh.
The Ethics Committee of the Experimental Animal Care
Center approved the study. Animals were housed in a
temperature-controlled facility on a 12-h light/dark cycle and
had access to water and normal chow diet ad libitum.

Exposure to incense smoke

After 2 weeks of acclimatization, rats were randomly divided
into three groups namely control, bakhour, and oudh with
each group containing 24 animals. Each group of rats was
housed separately from the other to avoid the cross exposure
of incense smoke. Two rats at a time from bakhour and oudh
groups were subjected to whole-body smoke exposure in in-
halation chambers by burning 4 g of respective incense on
charcoal daily as described previously (Hussain et al. 2014).
Rats from the control group were only exposed to smoke from
a burning charcoal. Eight rats from each group were killed
after 30, 60, or 90 days from the commencement of the in-
cense smoke exposure. The 60- and 90-day exposure dura-
tions were chosen to monitor the effects of incense smoke
exposure over longer durations in order to be more realistic
to the daily usage of incense smoke in household. The hearts
were excised and snap frozen in liquid nitrogen and stored at
—80 °C until analyzed. For the analysis of biochemical param-
eters, tissues were homogenized in 100 mmol KH, PO, buffer
containing 1 mmol EDTA (pH 7.4). Homogenates were cen-
trifuged at 12,000 x g for 30 min at 4 °C, and the clear super-
natants were separated and used for the measurement of
malondialdehyde (MDA), catalase activity, reduced glutathi-
one (GSH), tumor necrosis alpha (TNF-x), and 1L-4 as de-
scribed below. Total RNA was extracted from the tissues using
RNAeasy mini kit (Qiagen, CA, USA) and used for the gene
expression analysis of CYP1Al and CYP1A2 by real-time
PCR.

Measurement of MDA

The MDA content was determined according to Draper and
Hadley (Draper and Hadley 1990). Briefly, 0.5-ml heart tissue
extract supernatant was mixed with 1 ml of trichloroacetic
acid solution and centrifuged at 2500g for 10 min. The clear
supernatant (0.5 ml) of heart tissue homogenate was mixed
with 1-ml solution containing 0.67 % thiobarbituric acid
(TBA) and incubated for 15 min at 90 °C. The absorbance
of the solution was measured at 532 nm, and the concentration

of MDA was calculated and expressed as nanomole per milli-
gram protein.

Measurement of catalase activity

The catalase activity was assayed according to the method by
Acebi (Aebi 1984) in a final reaction volume of 3 ml containing
0.05 M Tris buffer, 5 mM EDTA (pH 7.0), and 10 mM H,O in
0.1 M potassium phosphate buffer (pH 7.4). A volume of
50 ul ofthe supernatant of heart tissue homogenate was added
to the above reaction mixture. The rate of change in absor-
bance per min at 240 nm was recorded. Catalase activity was
expressed in terms of micromoles H,O, consumed per minute
per milligram of protein.

Measurement of GSH

The measurement of GSH was carried out according to the
procedure reported by Owen (Owen 1980). Briefly, 100 ul of
clear supernatant of heart tissue homogenate was mixed with
800 wl of 0.3 mM reduced NADPH, 100 pl of 6 mM 5,5-
dithiobis-2-nitrobenzoic acid (DTNB), and 10 pl of 50 units/
ml GSH reductase. All these reagents were prepared freshly in
a phosphate buffer at pH 7.5. The absorbance was measured
over a period of 120 s at 412 nm at 30 °C. The GSH level was
determined by comparing the rate of change in absorbance of
the test solution with that of standard GSH.

Measurement of TNF-« and IL-4

The concentrations of TNF-o and IL-4 were determined by
competitive ELISAs following the manufacturer’s instruc-
tions (My Biosource, CA, USA). Briefly, the heart tissue su-
pernatant and the TNF-x-horseradish peroxidase (HRP) con-
jugate or IL-4-HRP conjugate were added to the plate precoat-
ed with the TNF-o or IL-4 antibodies, respectively. Plates
were incubated for 1 h, washed, and incubated with the HRP
substrate, 3,3-tetramethylbenzidine. The absorbance was mea-
sured at 450 nm using microplate reader. The concentrations
of TNF-« and IL-4 were calculated from the standard curve
generated by similarly processing the TNF-« and IL-4
standards.

Measurement of CK-MB and LDH

The serum CK-MB and LDH levels in control, bakhour-ex-
posed, or oudh-exposed rats were measured spectrophotomet-
rically following the manufacturer’s instructions (United
Diagnostics, Dammam, Saudi Arabia). For CK-MB estima-
tion, 40 pl of serum was added to 1 ml of solution containing
anti-CK-M antibody and other reactants and incubated for
10 min at room temperature. Absorbance was measured at
340 nm. The LDH levels were measured by adding 50 ul of
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serum to 3 ml buffer containing NADH, imidazol, and pyru-
vate and incubated for 1 min. The absorbance was measured at
340 nm.

Ultrastructural study

Immediately after excision, heart tissues were sliced into small
size (1 mm?®) and fixed in 3 % buffered glutaraldehyde for 4 h
at 4 °C. Tissue specimens were then postfixed in 1 % osmium
tetaroxide (OsQO,) for 90 min. Dehydration of the fixed tissue
was performed using ascending grades of ethanol and, then,
tissue transferred to resin via propylene oxide. After impreg-
nation with the pure resin, tissue specimens were embedded in
the same resin mixture. Ultrathin sections of silver shades
(60—70 nm) cut on an ultramicrotome (Leica, UCT) with a
diamond knife; sections were then placed on copper grids
and stained with uranyl acetate (20 min) and lead citrate
(5 min). Stained sections were observed under TEM (JEOL
JEM-1011) operating at 80 kV.

Gene expression studies

The relative expressions of ANP, BNP, 3-MHC, CYP1Al,
and CYP1A2 genes in control and incense smoke-exposed
rats were evaluated by real-time PCR. One microgram of total
RNA isolated from the heart tissues was reverse transcribed to
complementary DNA (cDNA) using QuantiTect Reverse
Transcription Kit (Qiagen, CA, USA). Real-time PCR was
performed on CFX96 Real-Time PCR system (Bio-Rad
Laboratories, Hercules, CA, USA) in a 96-well plate format.
The reaction mix consisted of cDNA equivalent to 100 ng of
total RNA, SYBR green master mix (Kappa Bioscience, MA,
USA), and 10 pmol each of forward and reverse primers of
GAPDH, ANP, BNP, 3-MHC, CYP1A1 or CYP1A2 genes
(Table 1). The PCR was carried out with an initial cycle
consisting of 94 C for 5 min followed by 40 cycles, each
consisting of 94 C, 15 s, and 58 C, 1 min. The GAPDH gene
was amplified as an internal control. Each sample was ampli-
fied in triplicates. The data were analyzed by AACt method
(Livak and Schmittgen 2001).

Statistical analysis

Data were analyzed using the IBN SPSS version 21.0 (IBM,
Armonk, NY, USA). Significance was set at p<0.05.
Biochemical parameters were expressed as meanz+standard
deviation (SD). The analysis of variance (ANOVA) was used
to compare the various markers in different treatment groups
followed by Tukey’s honest significant difference (HSD) post
hoc test to confirm where the differences occurred between
groups.

@ Springer

Table 1  Primer sequences used to amplify target genes by real-time

PCR

Target Forward primer (5'-3") Reverse primer(5'-3')

gene

ANP CGTATACAGTGCGGTG  CCGAGAGCACCTTCTC
TCCAAC TCTGAGA

BNP CAGAAGCTGCTGGAGC TGTAGGGCCTTGGTCC
TGATAAG TTTG

f-MHC TTGCTGTTATTGCTGCCA CAAATCGGGAGGAGTT
TTG ATCATTC

CYPIA1 CCATGA CCA GGA ACT TCT GGT GAG CAT CCA
ATG GG GGA CA

CYP1IA2 CGCATTGGCTCCACAC  ACCGATTCCACCACCT
CCGTG GGTTGACT

GAPDH TTGGCCGTATCGGACG  AGCGGAAGGGGCGGAG
CCTG ATGA

ANP atrial natriuretic peptide, BNP brain natriuretic peptide, 5-MHC
beta-myosin heavy chain, CYPI1A41 cytochrome P450 1A1, GAPDH glyc-
eraldehyde phosphate dehydrogenase

Results
Oxidative stress markers in heart tissue

The heart MDA, GSH, and catalase activity in control,
bakhour smoke-exposed, or oudh smoke-exposed rats are pre-
sented in Table 2. Exposure of rats to bakhour for 30, 60, or
90 days led to a significant increase in MDA levels and a
significant decrease in catalase activity and GSH levels com-
pared to those in ambient air-exposed control rats.
Importantly, the levels of these oxidative stress markers were
comparable among the studied time points, indicating that
these markers were maximally induced within 30 days of ex-
posure, as no further increase was noted with the sustained
exposure for 60 days and at least up to 90 days. Compared to
control, oudh exposure resulted in a significant increase in
MDA and a significant decrease in GSH levels at the three
measured time points. Oudh exposure also significantly trun-
cated the catalase activity at 60-day exposure duration while it
had no significant effect at 30 and 90 days of exposure. The
bakhour smoke exposure exhibited significantly higher effects
on heart MDA levels at 30-day duration than oudh.

Inflammatory markers in heart tissue

The heart TNF-o and IL-4 levels in control, bakhour-exposed,
or oudh smoke-exposed rats are provided in Table 3. Rats
exposed to bakhour or oudh smoke for 30 days had signifi-
cantly elevated TNF-« and IL-4 levels as opposed to unex-
posed controls. The levels of these markers remained un-
changed with continued exposure for 60 and 90 days. IL-4
levels in oudh-exposed rats at 60 days and in bakhour-
exposed rats at 60 and 90 days were found to be lower than
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the levels found in rest of treatments and, however, were sig- ; *E.
nificantly higher compared to control. z g
£l d3
CK-MB and LDH levels S| =4
To assess the impact of incense smoke on cardiac tissue ¥ .
damage, we measured the cardiac markers including CK- E *g
MB and LDH levels in control and exposed rats. The w9
serum levels of CK-MB and LDH are provided in % E 5
Table 4. Compared to unexposed control, rats exposed Sl
to bakhour or oudh displayed significantly elevated
CK-MB and LDH levels after 30, 60, and 90 days of = 5
exposure. At a given time point, bakhour and oudh had Z E E E
identical effects on CK-MB and LDH levels compared to Sl E|ldwn
control, except at the 90 days of exposure where oudh R B
had significantly greater effect on CK-MB than bakhour. .
Hypertrophic gene expressions in heart tissue 5 i
=R
The expressions of ANP, BNP, and 3-MHC genes in S| =&
heart tissues of control and incense smoke-exposed rats
are presented in Fig. 1. Compared to control, bakhour- %
exposed rats demonstrated a 13-, 12.5-, and 13.4-fold *:‘ §
increase in ANP messenger RNA (mRNA) levels after g E E
30, 60, and 90 days of exposure, respectively, while ;33, 2 g

oudh-exposed rats had a 11.4-, 11.8-, and 10.9-fold
change in ANP mRNA for the said time durations.

BNP mRNA levels were increased to 7-, 6.5-, and 5 2
6.7-fold in bakhour-exposed rats over control rats sub- S E g 34:
sequent to 30, 60, and 90 days of exposure, respective- P g Sl 35
ly. On the other hand, BNP mRNA levels in oudh- ,g el e “
exposed rats were 5.5-, 6-, and 6.3-fold higher than %
those in control rats after exposure for the indicated % 3:: *2
time. Consistently, rats exposed to bakhour had 11-, § % § 2
10.5-, and 10.8-fold upregulation in 3-MHC mRNA g |25 g o
levels over control rats following 30, 60, and 90 days g S| =& é g
of exposure, while oudh-exposed rats exhibited 9.5-, g @ 5
9.3-, and 10.2-fold change in 3-MHC mRNAs after ex- § % im 2 :j“
posure for identical durations. 8 8|8 ‘ED
¥ T I
: o RS- S
Ultrastructural changes in heart muscle % ?3 =8| g 2
s R
Ultrastructural changes in heart tissues of control and 8 - % %‘
bakhour-exposed, or oudh-exposed rats are presented in &:’ d2|E é
Fig. 2. A visible intercalated disc is present with normal mito- £ S e E i §, ED
chondria and muscle fibers in control rats (Fig. 2a). In g Sl E|l 23 g =
bakhour-exposed and oudh-exposed groups, the muscle tissue g7 Ol E S
produced hemorrhages, disruption in branching structure with g . ; <
loss of striations, and early necrotic changes in the myocardi- @ S 5 k5 f‘
um. Fewer small clusters of dark-staining cells had thickened - o | 7 E g =
muscle bundles that had undergone hypertrophy to five to six =2 % 5 E E S
times the diameter of the nucleus (Fig. 2b, c). The other & S0 Aalo &
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Fig. 1 Fold inductions of ANP, BNP, and 3-MHC mRNAs in rat heart.
Rats were exposed to bakhour or oudh incense smoke for 30, 60, or
90 days. Total RNA was extracted from the heart tissues of exposed and
unexposed control rats at the indicated times. Relative expressions of
ANP, BNP, and 3-MHC mRNAs in exposed and unexposed control rats
were measured by real-time quantitative PCR. The data presented are the
mean=SD (N=38), *p<0.001

organelles including mitochondria and muscle fibers were se-
verely damaged due the toxicity of both the incense types.

Induction of CYP1A1 and CYP1A2 genes in the heart

Extent of CYP1A1 and CYP1A2 gene induction in heart mus-
cle is provided in Fig. 3. Exposure of rats to smoke from
bakhour for 30, 60, and 90 days increased heart CYP1A1 gene
to 7-, 7.5-, and 7.3-fold, respectively. Likewise, oudh expo-
sure for similar time durations led to 6.5-, 7.2-, and 6.8-fold
increase in CYP1A1 mRNA, respectively. The CYP1A2
mRNA demonstrated 5-, 5.5-, and 5.2-fold upregulation fol-
lowing exposure to bakhour for 30, 60, and 90 days, respec-
tively, whereas oudh exposure increased the CYP1A2 mRNA
to 5.3-, 4.6-, and 4.8-fold, respectively.

=— S = s
Fig. 2 Ultrastructural changes in rat heart. Rats were exposed to bakhour
or oudh incense smoke for 90 days. The hearts were dissected out, and
ultrastructural changes in unexposed control (a), bakhour-exposed (b), or
oudh-exposed (¢) rats were evaluated by transmission electron micro-
scope as described in methodology. Dark bands (DB), mitochondria
(M), and intercalated disc (IC) could be seen within the illustration

Discussion

Recent studies have indicated increased CVD risk, endothelial
dysfunctions, and heart rate variability in incense smoke-
exposed individuals. However, the underlying causal mecha-
nisms are unclear. We envisaged that changes to oxidative
stress, inflammation, heart architecture, and cardiac hypertro-
phic gene expressions might collectively contribute to CVD
risk in incense smoke-exposed individuals. Accordingly, we
studied these parameters in male Wistar rats after a long-term
exposure to Arabian incense. Under normal physiological
conditions, reactive oxygen species (ROS) produced in the
body are negated by the antioxidant defense system, maintain-
ing a healthy balance between oxidant and antioxidant states.
However, due to certain pathological or environmental condi-
tions, increased generation of ROS and/or depletion of anti-
oxidants leads to impaired clearance and accumulation of
ROS, resulting in oxidative stress. Additionally, continued
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Fig. 3 Fold inductions of CYP1A1 and CYP1A2 mRNAs in rat heart.
Rats were exposed to bakhour or oudh incense smoke for 30, 60, or
90 days. Total RNA was extracted from the heart tissues of exposed and
unexposed control rats at the indicated times. Relative expressions of
CYP1A1 and CYP1A2 mRNAs in exposed and unexposed control rats
were measured by real-time quantitative PCR. The data presented are the
mean=SD (N=38), *p<0.001

oxidative stress can lead to chronic inflammation, which in
turn can increase the risk of chronic diseases (Reuter et al.
2010; Martinon 2010). A number of environmental contami-
nants such as cigarette smoke, automobile exhausts, biomass
fuel, and air pollution are implicated in the pathogenesis of
CVDs (Li et al. 2011; Al-Arifi et al. 2012; Lee et al. 2014;
Shan et al. 2014). Importantly, these pathological events are
reported to be triggered by increased oxidative stress and in-
flammation, establishing the causal link between exposure to
environmental toxicants and the risk of developing CVDs
(Tousoulis et al. 2008; Lee et al. 2011). Incense smoke, which
is increasingly being recognized as a potential environmental
contaminant due to its recently found negative health effects,
has not been tested for its ability to induce oxidative stress and
inflammation in the heart. In the present study, we found in-
creased MDA and decreased catalase activity and GSH levels
in heart tissue of rats after 30 days of incense smoke exposure.
Further, the effect of incense smoke sustained with the contin-
ued exposure at least up to 90 days, as the levels of oxidative
stress markers measured after 60 and 90 days were compara-
ble to those found after 30 days of exposure. This clearly
indicates the oxidative stress-inducing capacity of incense
smoke in the heart. Moreover, the sustained effects of incense
smoke on these markers over a period of 90 days indicate the
persistence of oxidative stress with the continued exposure to
incense smoke suggesting the adverse health effects of chronic
use of incense. Among the incense types used in the study,
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bakhour has shown relatively higher modulating effects on
oxidative stress and inflammatory markers than oudh in the
heart. This possibly explains the heterogeneous nature of
bakhour as against the homogenous composition of oudh.
The reduced catalase and GSH levels possibly reflect the de-
pletion of these antioxidants in the process of continuous
quenching of ROS due to their sustained and increased pro-
duction in the heart. Alternatively, incense smoke may have
exerted the direct effect on catalase gene expression and also
on gene expression of glutathione reductase, which catalyzes
the conversion of oxidized glutathione to its reduced state. We
also observed increased levels of inflammatory markers,
TNF-« and IL-4, in heart tissue of bakhour or oudh-exposed
rats at all the time durations tested. This demonstrates the
increased infiltration of the inflammatory mediators in heart
tissue, reflecting the direct immunological response to incense
smoke or the one mediated by increased oxidative stress
(Martinon 2010; Reuter et al. 2010). Our findings are consis-
tent with the previous studies including ours where prooxidant
and proinflammatory nature of incense smoke has been re-
ported, albeit in different tissues and in different experimental
set ups. For example, we have previously shown that incense
smoke increases oxidative stress and inflammation in rat lung
and liver tissues (Hussain et al. 2014). The particulate matter
of incense smoke is shown to induce significant oxidative
stress in human alveolar epithelial cells A459 cells (Chuang
et al. 2013). Likewise, incense-derived soot within particulate
matter is shown to generate oxidative stress by plasmid scis-
sion assay (Chuang et al. 2011b). Increased ROS are also
detected in the temple workers exposed to incense smoke
pollutants in Taiwan (Ho et al. 2005). Human coronary artery
endothelial cells exposed to incense smoke particles exhibited
marked increase in IL-6, endothelin, and NO, suggesting the
proinflammatory capacity of incense smoke (Lin et al. 2012).
Human A459 cells exposed to Arabian incense smoke dem-
onstrated increased inflammatory markers including IL-6 and
cyclooxygenase-2 (COX-2) (Cohen et al. 2013). Although
studies explaining the inflammatory and oxidative effects of
Arabian incense smoke in the heart are lacking, several other
environmental contaminants such as cigarette smoke, air pol-
lution, automobile exhausts, and biofuel have all been shown
to be capable of inducing oxidative stress and inflammation in
the heart (Tousoulis et al. 2008; Das et al. 2012; Miller et al.
2012; Painschab et al. 2013; Raza et al. 2013). Thus, this is the
first study to show the prooxidant and proinflammatory effects
of incense smoke in the heart and to identify these etiological
factors as likely determinants of reported CVD risk in incense
smoke-exposed subjects. In this study, we also observed in-
creased serum levels of CK-MB and LDH in incense smoke-
exposed rats, indicating cardiac tissue damage. These data are
in line with the previous studies where long-term cigarette
smoke exposure is shown to increase these cardiac damage
markers (Anbarasi et al. 2005; Gokulakrisnan et al. 2011).
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Cigarette smoking is known to cause free radical-mediated
lipid peroxidation leading to increased membrane permeabil-
ity and cellular damage in the heart (Cross et al. 1998).
Recently, it is shown that cigarette smoke extract adversely
affects cell membrane integrity in cardiac stem cells
(Sumanasekera et al. 2014). Given the similarities between
cigarette smoke and incense smoke compositions, it is likely
that the later induced cardiac tissue damage by negatively
affecting the membrane integrity resulting in the release of
creatine kinase isoforms into the circulation. This possibility
also is consistent with the increased oxidative stress found in
incense smoke-exposed rats. Corroborating with the increased
cardiac damage markers in incense smoke-exposed rats, we
also found that incense smoke exposure elicited considerable
architectural changes in the heart muscle as evident from the
muscle tissue hemorrhages, disruption in branching structure
with loss of striations, and early necrotic changes in the myo-
cardium. Fewer small clusters of dark-staining cells had thick-
ened muscle bundles that had undergone hypertrophy to five
to six times the diameter of the nucleus. Likewise, mitochon-
dria and muscle fibers were severely damaged due the toxicity
of both the incense types. To further understand the extent of
cardiac dysfunctions by incense smoke, we examined the
changes to the expressions of cardiac hypertrophic genes such
as ANP, BNP, and 3-MHC. We found markedly increased
expressions of all the three studied hypertrophic genes in in-
cense smoke-exposed rats. This clearly points to the develop-
ment of cardiac hypertrophy in response to incense smoke, as
the augmented expression of hypertrophic genes is part of the
compensatory mechanism to negate the cardiac hypertrophy
which is an independent predictor of CVD risk. Importantly,
the upregulated hypertrophic gene expressions positively cor-
related with the transmission electron microscope data which
revealed a significant cardiac hypertrophy in incense smoke-
exposed rats. This clearly identifies the hypertrophied muscle
as an indicator of an apparent existence of CVD risk. Our
findings are consistent with the previous studies where treat-
ment with cardiotoxins such as cigarette smoke, carbon mon-
oxide, and doxorubicin led to a significant hypertrophy with a
concomitant increase in ANP, BNP, and 3-MHC expressions,
thereby relating the cardiac hypertrophy and increased cardiac
hypertrophic gene expressions to increased CVD risk (Mori
et al. 2004; Sanbe et al. 2005; Meurrens et al. 2007; Bye et al.
2008; Richard et al. 2011). Despite the hypertrophy found in
this study, long-term high demand on the heart may also lead
to decreased heart size and hypertrophy which may possibly
be attributed to differences in nature or magnitude of
cardiotoxin exposures. The cardiac tissue degeneration to-
gether with increased oxidative stress and inflammation found
here is likely an underlying mechanistic event contributing to
the reported risk of CVD, endothelial dysfunctions, and heart
rate variability in incense smoke-exposed subjects (Weber
etal. 2011; Huang et al. 2014; Pan et al. 2014).

To understand the possible mechanism operative in the
induction of oxidative stress and inflammation found in in-
cense smoke-exposed rats, we examined the expression of
phase I xenobiotic-metabolizing enzymes including
CYP1A1 and CYP1A2 which metabolize the BaP, a prototyp-
ical PAH and a major constituent of environmental contami-
nants including of incense smoke (Kim et al. 1998; loannides
and Lewis 2004; Wang 2007; Chuang et al. 2011a).
Importantly, BaP enhances its own metabolism by inducing
the expression of these CYP enzymes (Harrigan et al. 2006;
Pushparajah et al. 2008). The metabolism of BaP by CYPs
results in the generation of reactive and unstable intermediary
metabolites which are implicated in the cytotoxicity and
genotoxicity (Shimada 2006). Thus, exposure to BaP-
containing environmental contaminants contributes to in-
creased production of these intermediary metabolites through
the induction of CYPs. Previous studies, including ours, have
found a positive association between induction of CYPs and
oxidative stress and inflammation in response to various en-
vironmental toxicants (Tousoulis et al. 2008; Tsuji et al. 2011;
Raza et al. 2013; Hussain et al. 2014). Consistently, induction
of CYP1ALI and CYP1A2 in incense smoke-exposed rats cor-
related with the increased oxidative stress and inflammation in
the present study. Therefore, it is likely that increased produc-
tion and accumulation of reactive intermediates of BaP me-
tabolism due to the increased expression of CYPs contributed
to oxidative stress and, in turn, inflammation. Although here,
we propose a BaP-mediated induction of CYPs as a mecha-
nism in augmented oxidative stress and inflammation, the
possibility of other incense smoke components contributing
to oxidative stress cannot be ruled out. The PAHs are high
affinity ligands of aryl hydrocarbon receptors (AhRs), which
induce the genes containing the xenobiotic response elements.
Genes induced by the PAH-AIR pathway includes CYP1A1,
CYP1A2, GST, UGT-1, and CYP1BI (Alexander et al. 1997,
Sutter and Greenlee 1992). It is likely that the incense smoke,
due to its PAH content, followed similar signaling pathway to
induce CYPs in heart tissues.

In conclusion, we proposed here for the first time the in-
creased oxidative stress, inflammation, cardiac tissue damage,
and ultrastructural changes to cardiac muscle and augmented
expression of cardiac hypertrophic genes as possible patho-
physiological events contributing to increased risk of devel-
oping CVDs in incense smoke-exposed individuals. We fur-
ther showed that increased gene expressions of CYP1A1 and
CYP1A2 might be an underlying causal mechanism in the
incense smoke-induced oxidative stress and inflammation.
This study supports the adverse health effects of long-term
use of incense smoke.
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