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Abstract: Background: Reactive aldehydes are involved in diseases associated with oxidative
stress, including diabetes. Human salivary aldehyde dehydrogenase (hsALDH) presumably protects
us from many toxic ingredient/contaminant aldehydes present in food.

Objective: This study aimed to probe the activity of hsALDH in patients with diabetes and than to
correlate it with various oxidative stress markers in the saliva.

Methods: The saliva samples were collected from total 161 diabetic patients from Rajiv Gandhi
Centre for Diabetes, Jawaharlal Nehru Medical College JNMC), AMU, Aligarh, (India). HSALDH
activity and markers of oxidative stress [8-hydroxydeoxyguanosine (8-OHDG), malondialdehyde
(MDA) and advanced glycation end products (AGEs)] were measured in the saliva samples.

Results: Patients with early stage of diabetes had higher activity of hsALDH when compared with
the control group. As the history of diabetes increases, the activity of the enzyme decreases and also
higher oxidative stress markers (§-OHDG, MDA and AGEs) are detected in the saliva samples.
Negative significant correlation between hsALDH activity and oxidative stress markers were
observed (p <0.0001).

Conclusion: The activity of hsALDH increases in early stages of diabetes most probably to counter
the increased oxidative stress associated with diabetes. However, in later stages of diabetes, the

activity of the enzyme decreases, possibly due to its inactivation resulting from glycation.

Keywords: Diabetes, saliva, human salivary aldehyde dehydrogenase, oxidative stress markers, glycation, diabetic patients.

1. INTRODUCTION

For both local and systemic diseases, saliva has been
extensively studied as a diagnostic biofluid. Researchers
have suggested that modification in the salivary chemistry
provides insights into disease pathogenesis [1]. Saliva has
been considered as a good diagnostic easy to get fluid and its
role has been probed in many diseases, such as cystic
fibrosis, sarcoidosis, Sjogren’s syndrome, hormone
dysfunction and neurological disorders [2]. Collecting saliva
is a better alternative to collecting blood as it is noninvasive,
does not cause any discomfort to the patient, cheaper and
safe for both donor and collector. Saliva is good for
diagnosis as its molecular profile reflects one’s physiological
state at the time of collection. Various molecules make entry
from serum into the saliva by passive diffusion through
capillaries, active transport through secretory cells and
ultrafiltration through spaces between ductal and acinar cells
[3]. Therefore, serum components can be found in the saliva,

*Address correspondence to this author at the Enzymology Laboratory,
Interdisciplinary Biotechnology Unit, Aligarh Muslim University, Aligarh,
202002, India; Tel: +91 571 2720388; Fax: +91 571 2721776,
E-mails: hinayounus@rediffmail.com; hyounus.cb@amu.ac.in

1875-5305/20 $65.00+.00

while some salivary components produced locally by the
salivary glands cannot be detected in the plasma [4]. The
saliva as a whole comprises of 99% water, gingival fluid,
fluid secreted from the major and minor salivary glands,
bacteria and food debris [5].

Oxidative stress which occurs as a result of imbalance
between the generation of free oxygen radicals and the
inactivation of these reactive species by the antioxidant
defense mechanism in the body, is capable of causing
damage to various cellular and extracellular constituents [6].
The adverse effects of elevated oxidative stress usually
appear after exposure to a relatively high concentration of
Reactive Oxygen Species (ROS), and/or impairment in the
antioxidant defense system. The antioxidant enzymes like
catalase, superoxide dismutases, and glutathione peroxidases
are induced to counter ROS generation and to maintain the
redox equilibrium [7]. Nevertheless, under oxidative stress
conditions, alterations occur in cellular proteins, lipids, and
DNA, leading to cell damage or apoptosis. It has been
observed that increased oxidative stress is associated with
clinical manifestations of coronary artery disease [8],
diabetes [9], infertility [10], chronic kidney disease [11],
atherosclerotic cardio vascular disease, chronic inflammatory
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disease, cancers [12], ageing and neurodegenerative diseases
like Alzheimer's disease, Parkinson's disease, and
amyotrophic lateral sclerosis [13]. Hence, oxidative stress is
now being studied as a potential target for therapeutic
interventions [14].

Diabetes is a metabolic disease resulting from multiple
causes, which progresses slowly in steps [15]. It initially
begins with insulin resistance, which progresses slowly with
time until the body fails to maintain glucose homeostasis
which leads to glucose intolerance. These physiological
alterations are accompanied with changes in a number of
biochemical processes like obesity, an abnormal lipid profile
and lipid peroxidation [16]. The resulting lipid peroxidation
resulting from free radicals causes significant changes in the
cell membrane. Oxidative stress increases in diabetes, due to
elevated ROS and an impaired antioxidant defense system
[17, 18]. ROS induce membrane lipid peroxidation, and the
resulting fatty acids peroxides are toxic and cause cell
malfunction [14]. The measurement of malondialdehyde
(MDA) is the most widely used assay for lipid peroxidation.
Therefore, the presence of lipid peroxides in blood is
important information for the prognosis of diabetes where
the secondary complications are usually fatal [19].

Reactive aldehydes are known to be involved in diseases
associated with oxidative stress, including diabetes [20].
Aldehyde dehydrogenases (ALDHs) are important
detoxifying enzymes which oxidize a wide range of aliphatic
and aromatic aldehydes formed from various exogenous/
endogenous precursors to their corresponding carboxylic
acids [21, 22]. Human salivary ALDH (hsALDH) enzyme
presumably protects individuals from various toxic
aldehydes present in food items either as natural ingredients
or as contaminants [23, 24]. This enzyme is activated by
suforaphane (SF) which is a bio-active compound found in
cruciferous vegetables [25]. The objective of the present
study was to examine the activity of hsALDH in patients
with diabetes of various categories, and to correlate it with
various oxidative stress markers in the saliva. Herein, we
have also given explanation for the up/down regulation of
the activity in these patients.

2. MATERIALS AND METHODS
2.1. Materials

6-Methoxy-2-naphthaldehyde,  6-methoxy-2-naphthoic
acid, bovine serum albumin (BSA), bicinchoninic acid
solution (BCA) and NAD' were procured from Sigma
Chemicals Co., USA. Dithiothreitol (DTT) was obtained
from Sisco Research Laboratories, India. Thiobarbituric acid,
Di-sodium hydrogen phosphate, sodium phosphate
monobasic anhydrous, EDTA and Tris were the products of
Himedia chemicals (India). Tricholoroacetic acid was from
Qualigens, India. NaOH and HCI (35%) were obtained from
Merck Specialities Pvt. Ltd. The other reagents and
chemicals used were all of analytical grade.

2.2. HsALDH Activity Measurements

HsALDH activity was measured using the substrate 6-
methoxy-2-naphthaldehyde (5 pM) and the coenzyme NAD"
(100 uM) in 50 mM sodium phosphate buffer (pH 7.5) at

Younus et al.

25°C, in the presence of 0.5 mM EDTA and 0.5 mM DTT
[26, 27]. The reaction was initiated by the addition of the
enzyme in the reaction mixture at 25°C and monitoring
continuously for 5 min. If any fluorescence background drift
was there, it was measured before adding the enzyme and
was subtracted from the final slope. Fluorescence assays
were performed on a Shimadzu RF-5301PC Spectro-
fluorometer with excitation and emission wavelengths as 315
nm and 360 nm, respectively. The inner filter effect was
nullified by using the following equation (1):

Fcor — FObSIO(Aex+Aem)/2 (1)

Where, F., and F.s are the corrected and observed
fluorescence intensity, respectively. Aex and Aem are the
absorbance at excitation and emission wavelength,
respectively. The reaction velocity was converted in terms of
product formation using a standard curve of 6-methoxy-2-
naphthoic acid. One unit (U) of enzyme activity was defined
in terms of number of micromoles of product produced per
min per microgram of the enzyme [28].

2.3. Activity of hsALDH in Diabetic Patients
2.3.1. Study Design and Sampling of Diabetic Patients

A cross-sectional case control study was conducted in
our laboratory at Interdisciplinary Biotechnology Unit,
Aligarh Muslim University. Saliva samples were collected
from diabetic patients, total 161 individuals (97 males and 64
females), who were recruited for the study from the Out
Patient Department of Rajiv Gandhi Centre for Diabetes,
Jawaharlal Nehru Medical College (JNMC), AMU, Aligarh,
India. The diabetic patients were categorized into the
following four groups on the basis of duration of diabetic
history and addiction:

Group 1: Diabetes Mellitus (DM) patients having less than
5 years of diabetic history and were non-smokers

Group 2: DM patients having less than 5 years of diabetic
history and are smokers

Group 3: DM patients having more than 5 years of diabetic
history and are non-smokers

Group 4: DM patient having more than 5 years of diabetic
history and are smokers

Control: Non-diabetic and non-smokers

2.3.2. Collection and Processing of Saliva Samples

All saliva samples were obtained in the morning (8 - 10
a.m.), before the first meal and after thorough washing of the
mouth. Whole saliva samples (unstimulated) were collected
by participants who were made to in spit in disposable
collection tubes containing cold 50 mM Tris-HCI buffer (pH
8.0) with 0.5 mM DTT and 0.5 mM EDTA. The final
dilution of the saliva with buffer was 1:1. Crude saliva
samples were centrifuged at 9723 x g for 10-12 min at 4°C,
and the supernatant was collected and kept in ice [29]. After
1-3 h, the activity of hsALDH in the supernatant was
determined in the presence of the 6-methoxy-2-
naphthaldehyde and NAD". The protein concentration was
routinely estimated by the BCA method as described by
Smith et al. (1985) [30], taking the standard protein BSA.
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2.4. Assay of MDA Levels

The levels of MDA were determined in the clinical saliva
samples by the procedure of Jain et al. (1989) [31]. This
procedure is based on the reaction of MDA with thiobarbituric
acid, which produces a colored complex that can be measured
spectrophotometrically. The sample (0.2 ml) was mixed
thoroughly with 0.8 ml of sodium phosphate buffer saline (pH
7.4) and 25 pl of 0.88% butylated hydroxytoluene solution.
After the addition of 0.5 ml of trichloroacetic acid (30%), the
samples were kept over ice for 2 h and then centrifuged at
2000 x g at 25°C for 15 min. One ml of the supernatant was
added to 75 pl of 0.1 M EDTA and 025 ml of 1%
thiobarbituric acid in 0.05 N NaOH. The samples were placed
in boiling water for 15 min, cooled to room temperature, and
then the absorbance was determined at 532 nm.

2.5. Assay of 8-Hydroxydeoxyguanosine (8-OHDG)
Levels

The saliva samples were centrifuged at 10,000 rpm for 10
min, and 8-OHDG levels in the supernatant were determined
by using a competitive ELISA kit (Highly Sensitive 8-
OHDG Check, Japan Institute for the control of Aging,
Shizuoka, Japan). The determination range was 0.125 - 200
ng/ml.

2.6. Determination of Advanced Glycation End Products
(AGEs)

Salivary AGEs were assessed by the spectrofluorometric
method of Miinch et al. (1997) [32]. The wavelength used
for excitation was 370 nm, and the emission was recorded at
440 nm. The saliva samples were diluted 10-fold with
sodium phosphate buffer saline (pH 7.2), and the specific
fluorescence of the AGEs was expressed in arbitrary units.

2.7. Statistical Analysis

Differences in demographic and clinical parameters
between healthy controls and diabetic patients were analyzed
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by an unpaired t test. Differences in hsALDH activity, MDA
level, 8-OHDG level and AGEs formation between groups
were analyzed by the Mann-Whitney’s U-test. The
correlations between variables were determined by
Spearman’s rank test. A value of P< 0.05 was considered to
be significant. All values are expressed as mean + standard
deviation. Graph pad Prism 6.0 for Windows was utilized for
these analyses.

3. RESULTS AND DISCUSSION
3.1. Characteristics of the Study Participants

Table 1 shows the demographic variation and diabetic
parameters of the study groups. One hundred sixty one
diabetic patients participated in this study with the ratio of
1.5 Male : 1 Female. No statistically significant differences
were observed in terms of weight, height and BMI (p >0.05).
However, there were statistically significant differences in
terms of ages and blood glucose levels (p <0.05). The
average age of the participants was 50 years and the patients
with DM were found to be older than the participants of the
control group. All the four diabetic groups had obviously
much elevated levels of blood glucose as compared to the
control, with Group 3 and 4 (patients having more than 5
years of diabetic history) having the highest levels. Smoker
with diabetes (Group 2 and 4) had slightly higher blood
glucose level as compared to their respective diabetic alone
group (Group 1 and 3).

3.2. Activity of hsALDH in Control and Diabetic Patient
Samples

ALDHs are very useful enzymes that contribute very
significantly to the management of oxidative/electrophilic
stress within the living systems [20]. HSALDH acts on a
variety of toxic aldehydes including 4-hydroxy-2-nonenal
which is the most toxic [33, 34], formed during lipid auto-
oxidation. During diabetic pathogenesis, bursts of free
radical generation occurs which leads to lipid peroxidation.
Since reactive aldehydes have been shown to be implicated 0

Table 1. Clinical and demographic characteristics of the different study groups.
- Non-Diabetic Diabetic -
Variable (Control) (Group 1) (Group 2) (Group 3) (Group 4) p-value
Number of subjects 62 42 37 51 31 -
Gender (male/female) 39/23 16/26 25/12 28/23 28/3 -
Ages (years) 438483 45.7+9.8 44.6+4.7 55.9+83 53.9+8.1 <.001
Weight (kg) 61.9+10.8 583+123 63.9+10.6 62.6+13.2 61.5+12.0 0.6520
Height (cm) 169.6 +5.4 1652+8.2 169.5+8.2 169.3+9.0 165.1+9.8 0.178
BMI (kg/m®) 21.5+2.9 21.5+4.9 224+4.4 21.8+43 22.7+4.6 0.691
Blood glucose (mmol/1) 55405 108+ 1.7 109+2.1 124+2.7 13.9+3.2 <.001
Addiction (smoker) - No Yes No Yes -

BMI = Body Mass Index.
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in diseases associated with oxidative stress including
diabetes, hsALDH activity in diabetic patients was
examined. The activity profile of hsALDH in saliva samples
of different diabetic groups and the control group is shown in
Figure 1. It was found that Group 2 had the highest activity,
and Group 4 had the least. Group 2 patients were smokers
with early stage of diabetes and therefore, the high activity is
likely to be due to the combined effect of diabetic and
smoking status which leads to enhanced free radical
formation, and therefore due to this reason hsALDH is
induced to manage the oxidative stress. The activity
decreased at the later stage of diabetes (Group 3), which
might be due to the glycation induced inactivation of
hsALDH. The least activity in Group 4 is implicated to be
due to excessive damage/inactivation of hsALDH because of
high oxidative stress resulting from both prolonged diabetes
and smoking.
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Figure 1. HSALDH activity in different groups of diabetic patients
and control group. ** Denotes p <0.001 and *** denotes p <0.0001.

3.3. Oxidative Stress Parameters of Diabetic Patients and
Correlation with hsALDH A ctivity

Oxidative stress has a key role to play in the pathogenesis
of DM [35, 36]. It is believed that salivary markers are
potential better alternatives to serum for diagnostic purposes
[37]. The products of oxidative damage (e.g. 4-
hydroxyalkenals, 8-OHDG, protein carbonyls, MDA) and
antioxidant enzyme activities (e.g., catalase, glutathione
peroxidase and superoxide dismutase) have been shown to
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be present in the human saliva [38]. The changes in redox
homeostasis of the saliva as manifested by deviations in
absolute levels or expression patterns of these indices may
reflect the occurrence and severity of various oral (e.g.,
periodontitis) and systemic (e.g., scleroderma and
inflammatory bowel disease) defects [39, 40].

ROS interact with the nitrogenous bases (purine and
pyrimidine) of DNA and oxidize them, generating multiple
oxy-products. One of the major products of nucleotide
oxidation in DNA is 8-OHDG [41, 42]. It was observed that
the level of 8-OHDG rises as the duration of diabetes
increases, and the results are statically significant (Figure 2).
Smoker with diabetes (Group 2 and 4) had still higher levels
of 8-OHDG as compared to their respective diabetic alone
groups (Group 1 and 3). The level of 8-OHDG is negatively
correlated with the activity of hsALDH (Table 2). During the
early stage of diabetes (Group 1 and 2), the concentration of
8-OHDG is slightly greater as compared with that in the
control Group (Figure 2). This might be due to higher
activity of hsALDH in patients’s saliva of these groups.
Therefore, hsALDH is contributing to lowering 8-OHDG
level in early stages of diabetes. However, in later stage of
diabetes (Group 3 and 4), the level of 8-OHDG is much
higher as compared to the control (Figure 2) due to perhaps
partly highly reduced activity of hsALDH (Figure 1).
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Figure 2. DNA oxidative profile of different diabetic groups as
compared with the control group. NS denotes not significant, *
denotes p <0.005, ** denotes p <0.001 and *** denotes p <0.0001.

Table2. Correlation among the different parameters in diabetic group.
Parameter HsALDH MDA 8-OHDG AGEs
HsALDH 1 - -
MDA -0.769" - -
8-OHDG -0.709" 0.790" 1 -
AGEs -0.577" 0.634" 0.725" 1
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MDA is a stable end product of free radicals resulting
from lipid peroxidation [43], and hence it is used as a
reliable marker for assessing free radical induced damage to
tissues [44]. Hyperglycemia is the main factor responsible
for increased free radical production in diabetes, through the
auto-oxidation of glucose. The levels of MDA are also
elevated in the saliva of diabetic patients, since salivary
MDA levels are directly affected by systemic oxidative
stress [45]. Figure 3 shows the levels of MDA in the
different groups of diabetic patients. As compared to the
control group, Group 3 and 4 had much higher MDA levels,
while Group 1 and 2 had slightly higher MDA levels. MDA
is also a substrate of hsALDH, therefore the level of MDA is
not much enhanced in Group 1 and 2, because in these
groups the activity of hsALDH also increases. From the
correlation (Table 2), it can also be observed that the activity
of hsALDH and the level of MDA is highly negatively
correlated (r =-0.769, p <0.0001). The higher levels of MDA
in Group 3 and 4 (Figure 3) are perhaps partly due to highly
reduced activity of hsALDH (Figure 1).
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Figure 3. Lipid peroxidation profile of different diabetic groups as
compared with the control group. * denotes p <0.005, ** denotes p
<0.001 and *** denotes p <0.0001.

AGEs are another important consequence of diabetes and
other ROS related diseases [46]. Non-enzymatic reaction of a
ketone/aldehyde group of a sugar with the free amino group
of proteins and other biomolecules leads to the formation of
AGESs. The formation of AGEs is a multi-step process, in
which firstly a Schiff base is formed which is labile and
hence subsequently it rearranges into the Amadori products,
which undergo further rearrangements, cyclization,
dehydrations, efc to form AGEs [47]. The AGEs in vivo
contribute to numerous dysfunctions associated with normal
ageing. Enhanced formation of AGEs occurs due to chronic
hyperglycemia. It was observed that the amount of AGEs in
the saliva of patients with diabetes increases as the history of
diabetes increases (Figure 4). The diabetic smoker groups (2
and 4) had more AGEs in the saliva as compared to the
diabetic groups which were non-smoker (1 and 3), and this
might be due to the external AGEs entering in the body
through smoking.
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From the correlation (Table 2), it was observed that all
markers of oxidative stress studied (8-OHDG, MDA and
AGESs) are positively correlated with each other, and each of
them is negatively correlated with the activity of hsALDH.
Therefore, in early stages of diabetes as oxidative stress
increases, hsALDH activity is up regulated and hence
contributes to lowering the oxidative stress generated in the
body. However, in later stages of diabetes it is expected that
proteins including hsALDH get increasingly glycated and
hence the activity reduces, leading to much greater oxidative
stress and hence damage. Patients with diabetes also show
higher activity of salivary lactate dehydrogenase, aspartate
aminotransferase and alanine aminotransferase due to
autoimmunological damage to the salivary glands in diabetes
mellitus [48].
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Figure 4. Concentration of AGEs in different diabetic sample
groups compared with those in the control group. Where * denotes
p <0.005, ** denotes p <0.001 and *** denotes p <0.0001.

CONCLUSION

The activity of hsALDH increases in early stages of
diabetes to counter the increased oxidative stress associated
with diabetes. However, in later stages of diabetes, the
activity of the enzyme decreases, expectedly due to its
inactivation resulting from glycation. The hsALDH enzyme
appears to be the first line of defense in the body against
toxic aldehydes of exogenous origin, however much work
has not been performed on this important member of the
ALDH family. This study is expected to encourage
researchers to further probe this important enzyme, its
mechanism of detoxification, importance and involvement in
oral disorders.

AND

ETHICS APPROVAL CONSENT TO

PARTICIPATE

The study is approved by the institutional ethics
committee of Aligarh Muslim University, Aligarh, India.



72 Protein & Peptide Letters, 2020, Vol. 27, No. 1

HUMAN AND ANIMAL RIGHTS

No animals were used in this study. The reported
experiments on humans were followed in accordance with
the ethical standards of the committee responsible for human
experimentation (institutional and national), and with the
Helsinki Declaration of 1975, as revised in 2013
(http://ethics.iit.edu/ecodes/node/3931).

CONSENT FOR PUBLICATION

Prior to initiating the study, each human participant was
briefed about the purpose and design of the research study
and a written consent was obtained.

AVAILABILITY OF DATA AND MATERIALS
Not applicable.

FUNDING
Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS

The authors thank Aligarh Muslim University for the
research facilities provided to them. M. F. Alam gratefully
acknowledges Department of Biotechnology, Government of
India for financial assistance in the form of Senior Research
Fellowship.

REFERENCES

[1] Mandel, LD. Sialochemistry in diseases and clinical situations
affecting salivary glands. Crit. Rev. Clin. Lab. Sci., 1980, 12(4),
321-366.

[http://dx.doi.org/10.3109/10408368009108733] [PMID: 7002465]

[2] Mandel, I.D.; Baurmash, H. Sialochemistry in Sjégren’s syndrome.
Oral Surg. Oral Med. Oral Pathol., 1976, 41(2), 182-187.
[http://dx.doi.org/10.1016/0030-4220(76)90229-2]
1062746]

[3] Pfaffe, T.; Cooper-White, J.; Beyerlein, P.; Kostner, K.;
Punyadeera, C. Diagnostic potential of saliva: current state and
future applications. Clin. Chem., 2011, 57(5), 675-687.

[PMID:

[http://dx.doi.org/10.1373/clinchem.2010.153767] [PMID:
21383043]
[4] Lee, Y.S. The current status of type 2 diabetes management at a

University Hospital. Korean Diabetes J., 2009, 33, 241-250.
[http://dx.doi.org/10.4093/kdj.2009.33.3.241]

[5] Humphrey, S.P.; Williamson, R.T. A review of saliva: normal
composition, flow, and function. J. Prosthet. Dent., 2001, 85(2),
162-169.

[http://dx.doi.org/10.1067/mpr.2001.113778] [PMID: 11208206]

[6] Sies, H. Strategies of antioxidant defense. Eur. J. Biochem., 1993,
215(2),213-219.
[http://dx.doi.org/10.1111/j.1432-1033.1993.tb18025 x]
7688300]

[7] Anwar, S.; Khan, M.A.; Sadaf, A.; Younus, H. A structural study
on the protection of glycation of superoxide dismutase by
thymoquinone. Int. J. Biol. Macromol., 2014, 69, 476-481.
[http://dx.doi.org/10.1016/j.ijbiomac.2014.06.003]
24933520]

[8] Heitzer, T.; Schlinzig, T.; Krohn, K.; Meinertz, T.; Miinzel, T.
Endothelial dysfunction, oxidative stress, and risk of cardiovascular

[PMID:

[PMID:

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(23]

Younus et al.

events in patients with coronary artery disease. Circulation, 2001,
104(22),2673-2678.

[http://dx.doi.org/10.1161/hc4601.099485] [PMID: 11723017]
Stephens, J.W.; Khanolkar, M.P.; Bain, S.C. The biological
relevance and measurement of plasma markers of oxidative stress
in diabetes and cardiovascular disease. Atherosclerosis, 2009,
202(2),321-329.
[http://dx.doi.org/10.1016/j.atherosclerosis.2008.06.006]
18640680]

Aitken, R.J.; Baker, M.A. Oxidative stress, sperm survival and
fertility control. Mol. Cell. Endocrinol., 2006, 250(1-2), 66-69.
[http://dx.doi.org/10.1016/j.mce.2005.12.026] [PMID: 16412557]
Oberg, B.P.; McMenamin, E.; Lucas, F.L.E.E.; McMonagle, E.;
Morrow, J.; Ikizler, T.A.L.P.; Himmelfarb, J. Increased prevalence
of oxidant stress and inflammation in patients with moderate to
severe chronic kidney disease. Kidney Int., 2004, 65(3), 1009-1016.
[http://dx.doi.org/10.1111/j.1523-1755.2004.00465 .x] [PMID:
14871421

Reuter, S.; Gupta, S.C.; Chaturvedi, M.M.; Aggarwal, B.B.
Oxidative stress, inflammation, and cancer: how are they linked?
Free Radic. Biol. Med., 2010, 49(11), 1603-1616.
[http://dx.doi.org/10.1016/j.freeradbiomed.2010.09.006]
20840865]

Emerit, J.; Edeas, M.; Bricaire, F. Neurodegenerative diseases and
oxidative stress. Biomed. Pharmacother., 2004, 58(1), 39-46.
[http://dx.doi.org/10.1016/j.biopha.2003.11.004] [PMID:
14739060]

Uttara, B.; Singh, A.V.; Zamboni, P.; Mahajan, R.T. Oxidative
stress and neurodegenerative diseases: a review of upstream and
downstream antioxidant therapeutic options. Curr.
Neuropharmacol., 2009, 7(1), 65-74.
[http://dx.doi.org/10.2174/157015909787602823]
19721819]

Lipinski, B. Pathophysiology of oxidative stress in diabetes
mellitus. J. Diabetes Complications, 2001, 15(4), 203-210.
[http://dx.doi.org/10.1016/S1056-8727(01)00143-X]
11457673]

Maharjan, B.R.; Jha, J.C.; Adhikari, D.; Vishwanath, P.; Baxi, J.;
Alurkar, V.M.; Singh, P.P. A study of oxidative stress, antioxidant
status and lipid profile in diabetic patient in the western region of
Nepal. Kathmandu Univ. Med. J. (KUMJ), 2008, 6(1), 16-22.
[PMID: 18604109]

Laudat, A.; Lecourbe, K.; Guéchot, J.; Palluel, A.M. Values of
sperm thiobarbituric acid-reactive substance in fertile men. Clin.
Chim. Acta, 2002, 325(1-2), 113-115.
[http://dx.doi.org/10.1016/S0009-8981(02)00289-9]
12367774]

West, 1.C. Radicals and oxidative stress in diabetes. Diabet. Med.,
2000, /7(3), 171-180.
[http://dx.doi.org/10.1046/j.1464-5491.2000.00259.x]
10784220]

Tappel, A.; Fletcher, B.; Deamer, D. Effect of antioxidants and
nutrients on lipid peroxidation fluorescent products and aging
parameters in the mouse. J. Gerontol., 1973, 28(4), 415-424.
[http://dx.doi.org/10.1093/geronj/28.4.415] [PMID: 4745470]
Singh, S.; Brocker, C.; Koppaka, V.; Chen, Y.; Jackson, B.C.;
Matsumoto, A.; Thompson, D.C.; Vasiliou, V. Aldehyde
dehydrogenases in cellular responses to oxidative/electrophilic
stress. Free Radic. Biol. Med., 2013, 56, 89-101.
[http://dx.doi.org/10.1016/j.freeradbiomed.2012.11.010]
23195683]

Vasiliou, V.; Pappa, A.; Petersen, D.R. Role of aldehyde
dehydrogenases in endogenous and xenobiotic metabolism. Chem.
Biol. Interact., 2000, 129(1-2), 1-19.
[http://dx.doi.org/10.1016/S0009-2797(00)00211-8]
11154732]

Laskar, A.A.; Alam, M.F.; Ahmad, M.; Younus, H. Kinetic and
biophysical investigation of the inhibitory effect of caffeine on
human salivary aldehyde dehydrogenase: implications in oral
health and chemotherapy. J. Mol. Struct., 2018, 1157, 61-68.
[http://dx.doi.org/10.1016/j.molstruc.2017.12.050]

Alam, M.F.; Laskar, A.A.; Choudhary, H.H.; Younus, H. Human
salivary  aldehyde  dehydrogenase:  purification,  kinetic
characterization and effect of ethanol, hydrogen peroxide and
sodium dodecyl sulphate on the activity of the enzyme. Cell
Biochem. Biophys., 2016, 74(3), 307-315.

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:



Activity of Aldehyde Dehydrogenase and Oxidative Stress Markers

[24]

[26]

[27]

(28]

[29]

[33]

[34]

[http://dx.doi.org/10.1007/s12013-016-0742-9] [PMID: 27324040]
Laskar, A.A.; Alam, M.F.; Younus, H. In vitro activity and stability
of pure human salivary aldehyde dehydrogenase. Int. J. Biol.
Macromol., 2017, 96, 798-806.
[http://dx.doi.org/10.1016/j.ijbiomac.2016.12.084]
28057570]

Alam, M.F.; Laskar, A.A.; Maryam, L.; Younus, H. Activation of
human salivary aldehyde dehydrogenase by sulforaphane:
mechanism and significance. PLoS One, 2016, 11(12), e0168463.
[http://dx.doi.org/10.1371/journal.pone.0168463] [PMID:
27997560]

Giebuttowicz, J.; Dziadek, M.; Wroczynski, P.; Woznicka, K.;
Wojno, B.; Pietrzak, M.; Wierzchowski, J. Salivary aldehyde
dehydrogenase - temporal and population variability, correlations
with drinking and smoking habits and activity towards aldehydes
contained in food. Acta Biochim. Pol., 2010, 57(3), 361-368.
[http://dx.doi.org/10.18388/abp.2010_2417] [PMID: 20931090]
Laskar, A.A.; Khan, M.A.; Askari, F.; Younus, H. Thymoquinone
binds and activates human salivary aldehyde dehydrogenase:
potential therapy for the mitigation of aldehyde toxicity and
maintenance of oral health. Int. J. Biol. Macromol., 2017, 103, 99-
110.
[http://dx.doi.org/10.1016/j.ijbiomac.2017.04.112]
28472683]

Arsalan, A.; Younus, H. Enzymes and nanoparticles: modulation of
enzymatic activity via nanoparticles. Int. J. Biol. Macromol., 2018,
118(Pt B), 1833-1847.
[http://dx.doi.org/10.1016/j.ijbiomac.2018.07.030]
30006013]

Wroczynski, P.; Wierzchowski, J.; Rakowska, A.; Chimkowska,
M.; Targonski, J. Aldehyde dehydrogenase in human saliva--
evaluation of its oxidation status. Acta Pol. Pharm., 2004,
61(Suppl.), 62-64.

[PMID: 15909942]

Smith, P.K.; Krohn, R.I.; Hermanson, G.T.; Mallia, A K.; Gartner,
F.H.; Provenzano, M.D.; Fujimoto, E.K.; Goeke, N.M.; Olson, B.J.;
Klenk, D.C. Measurement of protein using bicinchoninic acid.
Anal. Biochem., 1985, 150(1), 76-85.
[http://dx.doi.org/10.1016/0003-2697(85)90442-7]
3843705]

Jain, S.K.; Ross, J.D.; Levy, G.J.; Little, R.L.; Duett, J. The
accumulation of malonyldialdehyde, an end product of membrane
lipid peroxidation, can cause potassium leak in normal and sickle
red blood cells. Biochem. Med. Metab. Biol., 1989, 42(1), 60-65.
[http://dx.doi.org/10.1016/0885-4505(89)90041-8] [PMID:
2775562]

Miinch, G.; Mayer, S.; Michaelis, J.; Hipkiss, A.R.; Riederer, P.;
Miiller, R.; Neumann, A.; Schinzel, R.; Cunningham, A.M.
Influence of advanced glycation end-products and AGE-inhibitors
on nucleation-dependent polymerization of beta-amyloid peptide.
Biochim. Biophys. Acta, 1997, 1360(1), 17-29.
[http://dx.doi.org/10.1016/S0925-4439(96)00062-2]
9061036]

Ellis, E.M. Reactive carbonyls and oxidative stress: potential for
therapeutic intervention. Pharmacol. Ther., 2007, 115(1), 13-24.
[http://dx.doi.org/10.1016/j.pharmthera.2007.03.015] [PMID:
17570531]

Townsend, A.J.; Leone-Kabler, S.; Haynes, R.L.; Wu, Y.; Szweda,
L.; Bunting, K.D. Selective protection by stably transfected human
ALDH3A1 (but not human ALDH1AL1) against toxicity of aliphatic
aldehydes in V79 cells. Chem. Biol. Interact., 2001, 130-132(1-3),
261-273.
[http://dx.doi.org/10.1016/S0009-2797(00)00270-2]
11306050]

Baynes, J.W.; Thorpe, S.R. Role of oxidative stress in diabetic
complications: a new perspective on an old paradigm. Diabetes,
1999, 48(1), 1-9.

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:

[PMID:

[36]

[37]

[38]

[39]

[40]

[41]

[47]

(48]

Protein & Peptide Letters, 2020, Vol. 27, No. 1 73

[http://dx.doi.org/10.2337/diabetes.48.1.1] [PMID: 9892215]
Giugliano, D.; Ceriello, A.; Paolisso, G. Oxidative stress and
diabetic vascular complications. Diabetes Care, 1996, 19(3), 257-
267.

[http://dx.doi.org/10.2337/diacare.19.3.257] [PMID: 8742574]
Giannobile, W.V.; Beikler, T.; Kinney, J.S.; Ramseier, C.A.;
Morelli, T.; Wong, D.T. Saliva as a diagnostic tool for periodontal
disease: current state and future directions. Periodontol. 2000,
2009, 50, 52-64.
[http://dx.doi.org/10.1111/j.1600-0757.2008.00288.x]
19388953]

Su, H.; Gomnitsky, M.; Velly, A.M.; Yu, H.; Benarroch, M.;
Schipper, H.M. Salivary DNA, lipid, and protein oxidation in
nonsmokers with periodontal disease. Free Radic. Biol. Med.,
2009, 46(7), 914-921.
[http://dx.doi.org/10.1016/j.freeradbiomed.2009.01.008]
19280702]

Arana, C.; Cutando, A.; Ferrera, M.J.; Gomez-Moreno, G.; Worf,
C.V.; Bolafios, M.J.; Escames, G.; Acuia-Castroviejo, D.
Parameters of oxidative stress in saliva from diabetic and parenteral
drug addict patients. J. Oral Pathol. Med., 2006, 35(9), 554-559.
[http://dx.doi.org/10.1111/j.1600-0714.2006.00469.x] [PMID:
16968236]

Gorelik, S.; Kohen, R.; Ligumsky, M.; Kanner, J. Saliva plays a
dual role in oxidation process in stomach medium. Arch. Biochem.
Biophys., 2007, 458(2), 236-243.
[http://dx.doi.org/10.1016/j.abb.2006.12.006] [PMID: 17250799]
Arunachalam, R.; Reshma, A.P.; Rajeev, V.; Kurra, S.B.; Prince,
M.R.J.; Syam, N. Salivary 8-Hydroxydeoxyguanosine — a valuable
indicator for oxidative DNA damage in periodontal disease. Saudi
J. Dent. Res., 2015, 6, 15-20.
[http://dx.doi.org/10.1016/j.sjdr.2014.04.002]

Canakgi, C.F.; Canakg¢i, V.; Tatar, A.; Eltas, A.; Sezer, U.; Cigek,
Y.; Oztas, S. Increased salivary level of 8-hydroxydeoxyguanosine
is a marker of premature oxidative mitochondrial DNA damage in
gingival tissue of patients with periodontitis. Arch. Immunol. Ther.
Exp. (Warsz.), 2009, 57(3),205-211.
[http://dx.doi.org/10.1007/s00005-009-0026-9] [PMID: 19479201]
Guentsch, A.; Preshaw, P.M.; Bremer-Streck, S.; Klinger, G.;
Glockmann, E.; Sigusch, B.W. Lipid peroxidation and antioxidant
activity in saliva of periodontitis patients: effect of smoking and
periodontal treatment. Clin. Oral Investig., 2008, 12(4), 345-352.
[http://dx.doi.org/10.1007/s00784-008-0202-z] [PMID: 18509684]
Gutteridge, J.M. Lipid peroxidation and antioxidants as biomarkers
of tissue damage. Clin. Chem., 1995, 41(12 Pt 2), 1819-1828.
[PMID: 7497639]

Shetty, S.R.; Babu, S.; Kumari, S.; Shetty, P.; Hegde, S.; Castelino,
R. Status of salivary lipid peroxidation in oral cancer and
precancer. Indian J. Med. Paediatr. Oncol., 2014, 35(2), 156-158.
[http://dx.doi.org/10.4103/0971-5851.138990] [PMID: 25197178]
Goldin, A.; Beckman, J.A.; Schmidt, A.M.; Creager, M.A.
Advanced glycation end products: sparking the development of
diabetic vascular injury. Circulation, 2006, 114(6), 597-605.
[http://dx.doi.org/10.1161/CIRCULATIONAHA.106.621854]
[PMID: 16894049]

Khan, M.A.; Anwar, S.; Aljarbou, A.N.; Al-Orainy, M.; Aldebasi,
Y.H.; Islam, S.; Younus, H. Protective effect of thymoquinone on
glucose or methylglyoxal-induced glycation of superoxide
dismutase. Int. J. Biol. Macromol., 2014, 65, 16-20.
[http://dx.doi.org/10.1016/j.ijbiomac.2014.01.001]
24412154]

Malicka, B.; Skoskiewicz-Malinowska, K.; Kaczmarek, U. Salivary
lactate dehydrogenase and aminotransferases in diabetic patients.
Medicine (Baltimore), 2016, 95(47), e5211.
[http://dx.doi.org/10.1097/MD.0000000000005211]
27893660]

[PMID:

[PMID:

[PMID:

[PMID:



	Correlation between the Activity of Aldehyde Dehydrogenase andOxidative Stress Markers in the Saliva of Diabetic Patients
	Abstract: Background
	Objective:
	Methods:
	Results:
	Conclusion:
	Keywords:
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS AND DISCUSSION
	Table 1.
	Figure 1
	Figure 2.
	Table 2.
	Figure 3.
	Figure 4.
	CONCLUSION
	ETHICS APPROVAL AND CONSENT TOPARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



