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Antioxidant effect of chamomile
tea on the salivary glands of
streptozotocin-induced diabetic rats

Abstract: This study aimed to analyze oxidative stress and the activity
of antioxidant enzymes in the salivary glands of streptozotocin
(STZ)-induced diabetic rats with ad libitum consumption of chamomile
tea in substitution of water for 21 days. Rats were divided in two
control groups (untreated control and treated control) and two diabetic
groups (untreated diabetic and treated diabetic). Superoxide dismutase
(SOD), glutathione peroxidase (GPx), catalase (CAT) activities, total
antioxidant status (TAS), and malondialdehyde (MDA) concentrations
were determined. The chemical composition of the chamomile essential
oil revealed 39 compounds, accounting for 93.5% of the total oils. The
polyphenolic profile of the tea showed the presence of apigenin, luteolin,
umbelliferone, and esculetin. SOD, GPx, CAT, and TAS levels were
lower in the parotid (PA) diabetic glands, but treatment increased their
concentration in both the submandibular (SM) and PA diabetic salivary
glands. Increased MDA levels were observed in the PA diabetic glands,
which were decreased by the consumption of chamomile tea with
a reduction in hyperglycemia compared to that in untreated diabetic
rats. However, the SM diabetic glands showed no difference in the
MDA content. The consumption of chamomile tea prevented oxidative
stress in the PA glands of diabetic rats, exhibiting hypoglycemic and
antioxidant effects. Thus, chamomile tea could be a potential candidate
for preventing oral complications in diabetes mellitus.

Keywords: Antioxidants; Diabetes Mellitus; Salivary Glands;
Chamomile; Oxidative Stress.

Introduction

Diabetes mellitus (DM) is a metabolic disorder of multiple etiologies,
characterized by chronic hyperglycemia and changes in the metabolism
of carbohydrates, fatty acids, and proteins, resulting from defects in
insulin secretion, its action, or both.! It is well known that hyperglycemia
plays an important role in the pathogenesis of diabetes in humans and in
experimental models. Chronic hyperglycemia results in morphological
changes and dysfunction of various organs, including the salivary glands.
Xerostomia is a symptom frequently reported in diabetic patients.*?
Prolonged exposure to high glucose concentrations leads to oxidative
stress, which reduces the capacity of the endogenous antioxidant defense
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Antioxidant effect of chamomile tea on the salivary glands of streptozotocin-induced diabetic rats

system and induces the formation of reactive oxygen
species (ROS) by several molecular mechanisms.**
Oxidative stress is a condition resulting from an
imbalance between ROS production and elimination.®
Mitochondpria are the main source of ROS under
normal conditions.” Mitochondrial glucose oxidation
generates ATP, and a small amount of superoxide
anion is converted to other ROS.® ROS targets include
proteins, lipids, and DNA. Nevertheless, there is an
antioxidant defense system that protects the organism
from the oxidative effects of ROS. However, excessive
production of ROS in diabetes leads to protein
glycation, which can produce structural modifications
in enzymes such as superoxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT).’ This
results in a decrease in antioxidant defense and an
increase in malondialdehyde (MDA),**? an important
marker of oxidative stress. This process can occur ina
variety of tissues, including salivary glands.”® Recent
studies have demonstrated that the pathogenesis
of salivary gland and oral cavity complications in
diabetes is closely associated with oxidative stress."
Such evidence suggests that antioxidants are a
promising additional treatment for DM."®
Epidemiological data have demonstrated that
chamomile consumption is beneficial in DM because
of its antioxidant effect and biological properties.’® In
addition, previous studies have shown that treatment
with chamomile tea or chamomile tea components led
to a reduction in glycemia.’*" Cemek et al. indicated
that treatment with different doses of ethanolic extract
of chamomile reduced postprandial hyperglycemia
and MDA content, and increased the antioxidant
system activity in streptozotocin (STZ)-induced
diabetic rats.”® These effects have been attributed to two
classes of compounds: sesquiterpenes and phenols. A
possible beneficial effect of chamomile tea is related
to polyphenolic flavonoids such as apigenin, which
was shown to decrease serum glucose concentrations
in diabetic rats.?’ In addition, the effect of chamomile
tea is related to the presence of polyphenols known
as coumarins, for example esculetin. Esculetin has
been reported to have several pharmacological effects,
including antioxidative activity.! Although several
previous studies have evaluated the beneficial effects
of chamomile in maintaining glycemic levels, the
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literature still lacks information regarding its action
on salivary glands, especially its antioxidant effects.

The present study hypothesized that chamomile
tea reduces hyperglycemia and prevents oxidative
stress in the salivary glands of STZ-induced diabetic
rats. Therefore, our study aimed to analyze the level of
oxidative damage measured by MDA in the salivary
glands while also evaluating the association between
oxidative stress markers and antioxidant system
activity in the salivary glands of diabetic rats with
ad libitum consumption of chamomile tea.

Methodology

The Animal Use Ethics Committee of the Faculty
of Dentistry, University of Sao Paulo, approved
the protocol for this study (process 015/2016).
All experimental procedures were conducted in
accordance with the instructions of the Brazilian
College of Animal Care. Healthy male Wistar rats
(200-270 g) were housed in individual cages, given
access to rat chow and water or tea ad libitum, and
maintained at a controlled temperature (23°C) with
a 12/12 h light/dark cycle.

Experimental protocol

The animals were randomly divided into four
groups of seven rats each as follows: C, untreated
control group that received only vehicle (water); CC,
control group treated with chamomile tea instead of
water; DM, untreated diabetic group receiving vehicle;
and DMC, diabetic group treated with chamomile
tea instead of water.

Induction of diabetes

Diabetes was induced by a single intraperitoneal
injection of STZ (Sigma Chemical Co., St. Louis, USA)
(60 mg/kg of body weight), always performed by
the same operator. STZ was dissolved in a citrate
buffer (pH 4.5). Control rats received the citrate
buffer only. After 48 h, glycemia was determined
in overnight-fasted animals by tail blood glucose
analysis (Accu-Chek® Advantage, Roche Diagnostics,
Basel, Switzerland). The rats in the diabetic group had
blood glucose levels > 250 mg/100 mL. The animals
were euthanized 28 days after the induction.
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Determination of chamomile tea composition
by gas chromatography-mass spectrometry
and ultraperformance liquid chromatography

Matricaria chamomilla (PMID: 18681440) dried
flowers (100 g), obtained from a specialized tea
store in bulk packaging, were hydrodistilled in
a Clevenger-type apparatus for 3 h. The oil was
collected by adding dichloromethane to a drop of
oil in the device and then collecting the solution.
Essential oil analysis was performed as described
by Adams.”? Individual compounds were identified
by mass spectrometry (MS). Their identities were
confirmed by comparing their retention indices and
MS with authentic samples or data already available
in the NIST 2005 Mass Spectral Library.

Chamomile tea treatment

Chamomile tea was administered ad libitum as a
substitute for water. Chamomile tea treatment was
started one week after injection of STZ or citrate
buffer and lasted 21 days. The chamomile tea was
prepared daily by infusing the dried flowers in
boiling tap water for 5 min, followed by filtration.
After cooling, it was administered to the animals. A
concentration of 200 mg/kg per day of chamomile
tea was used. A previous study reported that this
dose was effective in reducing hyperglycemia in
STZ-induced diabetic rats.””

Sample collection

Glucose levels were determined in overnight-fasted
animals by tail blood glucose analysis (Accu-Chek®
Advantage, Roche Diagnostics, Basel, Switzerland)
on the last experimental day. The animals were
anesthetized with an intraperitoneal injection of
xylazine and ketamine (20/60 mg/kg body weight,
respectively) in the morning (9:00-11:00). Blood was
collected via heart puncture to analyze insulin levels.
Blood and fat were immediately removed from the
PA and SM glands, which were then frozen in liquid
nitrogen and stored at —80°C until analysis.

Insulin
Insulin concentration was evaluated via an
immunoenzymatic assay using a commercial kit

for rats/mice (Cat# EZRMI-13 K; Merck Millipore,
Burlington, USA).

Biochemical analyses

SOD, glutathione peroxidase enzymatic activities,
and total antioxidant status in the glandular
homogenate were determined using the commercial
Ransod, Ransel, and total antioxidant status (TAS)
test kits (Randox Laboratories, Crumlin, UK). CAT
activity was assayed in accordance with the method
described by Aebi.?® Protein concentration was
measured using the Folin phenol reagent. Bovine
serum albumin was used as a standard.*

Malondialdehyde (MDA)

MDA was assayed using HPLC. Chromatograms
were monitored at 254 nm and the injection volume
was 20 uL. The retention time of MDA was 3.14 min.”
Protein concentration was measured using the Folin
phenol reagent. Bovine serum albumin was used as
a standard.*

Statistical analysis

Data analysis was performed using GraphPad
Prism 5 (GraphPad Software Inc., La Jolla, USA). The
Kolmogorov-Smirnov test determined the normality
of the data. Results are presented as mean * standard
deviation (SD). The data were statistically compared
via analysis of variance (ANOVA) followed by Tukey’s
test, where results were considered statistically
significant at p < (0.05. Pearson’s correlation was used
to analyze the associations between the variables.

Results

Composition of chamomile tea

Gas chromatography-mass spectrometry (GC-
MS) analysis confirmed the presence of 39 different
constituents. The main constituents of the oil were
alpha-bisabolol oxide A (21.70%), alpha-bisabolol
oxide B (15.79%), 1,6-dioxaspiro[4.4]non-3-ene,
2-(2,4-hexadiynylidiene) (14.65%), p-farnesene (6.59%),
alfa-bisabolol (5.58%), 1H-Cycloprop[e]azulen-7-ol,
decahydro-1,1,7-trimethyl-4-methylene-, [1lar-(1a.
alpha.,4a.alpha,7.beta,7a.beta,7b.alpha) (4.48%),
a-santalene (4.41%), benzene, 1,4-diethyl(2.71%),
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malonic acid, isobutyl 2-methylpent-3-yl ester (2.13%),
azulene, 7-ethyl-1,4-dimethyl-(2.13%) (Figure 1).

The phytochemical profile showed that Matricaria
chamomilla tea is rich in several polyphenols and
the major constituents were apigenin, luteolin,
umbelliferone, and esculetin at the following
concentrations: 33.23 + 1.42, 298 + 0.34, 2.64 + 0.27
and 0.04 £ 0.02 pg/mL, respectively.

Observations in rats

A significant increase in the initial glycemia was
observed in both diabetic groups, whereas the glucose
concentration remained the same in the control
group throughout the study. The untreated diabetic
group showed increased blood glucose concentration
between the initial and final glycemic measurements.
However, the high blood glucose levels decreased
in the diabetic group treated with chamomile tea
(Figure 2). Furthermore, a significant reduction in
fasting blood insulin concentration was observed
in the untreated diabetic and the treated diabetic
groups compared to the untreated control (p = 0.001)
and treated control groups (p = 0.05), respectively
(Table. Additionally, the untreated diabetic group
presented higher water consumption compared to
the untreated control group. The same was observed
in the treated diabetic group when compared to the
control group, where the liquid consumption was,

Luteolin
Umbelliferone 3,40

Esculetin 985 Apigenin
100 2.28 S0 1397
.83

Abundance m/z %

O e L L S S B A AR R
1.00 2.00 3.00 4.00 5.00

Time (minutes)

Rt: retention time sequence.

Figure 1. Gas chromatography-mass spectrometry (GC-MS)
of Matricaria chamomilla extract. Targeted compounds are
referred to according to the retention time sequence. The major
constituents were found to be apigenin (3.97 min), luteolin
(3.60 min), umbelliferone (2.85 min), and esculetin (2.28 min).
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however, lower than that of the untreated diabetic
group (Table).

Antioxidant profile and MDA quantification
in the parotid gland

In the untreated diabetic group, the PA gland
showed a reduction in the specific activity of SOD,
GPx, CAT, and TAS compared to the control group.
However, MDA levels were higher in the untreated
group than in the control. Treatment with chamomile
tea for 21 days resulted in a marked increase in the
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C DM CcC DMC

C: control untreated group; CC: treated control group;

DM: untreated diabetic group; DMC: treated diabetic group.
Figure 2. Initial and final blood glucose concentrations
(mg/dL) in control and diabetic rats (30 days after streptozotocin
induction) without and with supplementation of chamomile tea
(200 mg/kg/day) for 21 days. Equal letters show similarities
between the groups within each variable analyzed (one-way
ANOVA with Tukey's test, p < 0.05). Each value represents
the mean = SD of experiments (n = 7).

Table. Insulin levels (ng/mL) and liquid consumption (water
or tea) (mL/kg/day) in control and diabetic rats (30 days after
streptozotocin induction) without and with supplementation
of chamomile tea (200 mg/kg/day) for 21 days. Equal lefters
show similarities between the groups within each variable
analyzed (one-way ANOVA with Tukey’s test, p < 0.05). Each
value represents the mean = SD of experiments (n = 7).

Liquid consumption

Variable Insulin (ng/mL) (mL/kg/day)

C 0.5338 = 0.2173 (A) 61.28 + 15.75 (A)
DM i 145.6 + 29.22 (B)
cC 0.3100 + 0.1837 (A) 3656 + 15.20 (A)
DMC - 107.9 = 28.69 (C)

C: control untreated group; CC: treated control group;
DM: untreated diabetic group; DMC: treated diabetic group.



Perestrelo BO, Carvalho PM, Souza DN, Carneiro M], Cirino JPG, Carvalho PO, et al. ™

specific activities of SOD, GPx, CAT, and TAS in the GPx, and CAT in the diabetic group compared to
diabetes-treated group compared to the control. the control group. The levels of MDA in the PA
In addition, it showed an increase in the specific glands of diabetic animals treated with chamomile
activity of SOD, GPx, CAT, and TAS compared to the tea significantly decreased compared to those in
untreated diabetic group. Nevertheless, treatment the untreated diabetic and treated control groups
with chamomile tea increased the activity of SOD, (Figure 3).
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C: control untreated group; CC: treated control group; DM: untreated diabetic group; DMC: treated diabetic group.

Figure 3. (a) Superoxide dismutase (SOD), (b) glutathione peroxidase (GPx), (c) catalase activity, (d) total antioxidant capacity
(TAS), and (e) Malondialdehyde (MDA) levels in parotid salivary glands (PA) of control and diabetic rats (30 days after streptozotocin
induction) without and with supplementation of chamomile tea (200 mg/kg/day) for 21 days. Equal letters show similarities between
the groups within each variable analyzed (one-way ANOVA with Tukey's test, p < 0.05). Each value represents the mean = SD
of experiments (n = 7).
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Antioxidant profile and MDA quantification
in the submandibular gland

The SM showed an increase in the specific activity
of SOD, CAT, and TAS in the untreated diabetic
group compared to the control. Consumption
of chamomile tea for 21 days resulted in a
significant increase in the specific activities of

A
3

SOD
U/mg of protein

CAT
U/mg of protein

100

MDA
uM/mg of protein

C DM CC DMC

SOD, GPx, CAT, and TAS in the diabetic-treated
group compared to the control. In addition, the
treated diabetic group showed increased specific
activity of SOD, GPx, CAT, and TAS compared
to the untreated diabetic and untreated control
groups. No difference was observed in the MDA
content (Figure 4).

0.101 B

GPX
U/mg of protein

TAS
nmol/mg of protein

C: control untreated group; CC: treated control group; DM: untreated diabetic group; DMC: treated diabetic group.

Figure 4. (a) Superoxide dismutase (SOD), (b) glutathione peroxidase (GPx), (c) catalase activity, (d) total antioxidant capacity
(TAS), and (e) Malondialdehyde (MDA) levels in submandibular glands (SM) of control and diabetic rats (30 days after streptozotocin
induction) without and with supplementation of chamomile tea (200 mg/kg/day) for 21 days. Equal letters show similarities between
the groups within each variable analyzed (one-way ANOVA with Tukey's test, p < 0.05). Each value represents the mean = SD

of experiments (n = 7).
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Correlation

Pearson’s correlation analysis showed a positive
correlation between blood glucose concentration in
the untreated diabetic group and the consumption of
chamomile tea (p = 0.0329, r = 0.63). In the PA glands
of the diabetic group, a positive correlation was also
found between blood glucose concentration and MDA
content (p = 0.0413, r = 0.68).

Discussion

The main results confirm the hypoglycemic
effect of the ad libitum consumption of chamomile
tea. The data obtained showed a significant
reduction in glycemia in the treated diabetic group
compared to the untreated diabetic. In addition, we
are first to demonstrate the antioxidant effect of
chamomile tea treatment via the reduction of lipid
peroxidation in the PA glands of diabetic rats and
an increase in the enzymatic and non-enzymatic
antioxidant system in both glands. These results
suggest that ad libitum consumption of chamomile
tea can prevent the progression of systemic
hyperglycemia and glandular oxidative stress in the
diabetic group.

DM is characterized by chronic hyperglycemia,®
and perfect control of the blood glucose level is
essential to prevent complications.’ A previous study
focused on new alternatives, such as chamomile,
to prevent symptoms associated with diabetes.’®
In the diabetic animal model, several studies with
chamomile showed many benefits, mainly attributed
to its antioxidant and hypoglycemic effects when
used at different concentrations and periods of
treatment.””’®? Cemek et al.'”® showed insulin-
immunopositive cell density reduction in STZ-induced
diabetic rats. Intensity of immunohistochemical
staining of insulin Langerhans islets was preserved
after therapy with Matricaria chamomilla L. ethanolic
extract (MCE), which also decreased postprandial
hyperglycemia after 14 days of treatment by gavage.
In the present study, the administration of chamomile
tea promoted a strong hypoglycemic effect, as
evidenced by a significant reduction in glycemia in
the treated diabetic group. Here, the consumption of
chamomile tea also reduced the liquid consumption

because of the osmotic rebalancing promoted by
the hypoglycemic effect.

Although not statistically significant, the treated
control group consumed ~40 % less tea than the
control group. Treated control animals did not
show any change in the parameters analyzed in the
present study, suggesting that their hydroelectrolytic
balance was unchanged. Further studies are
necessary to evaluate the role of chamomile tea
in this reduction. In our study, chamomile tea
reduced blood glucose levels without changing
the plasma insulin levels. This finding is pertinent
and corroborates the results obtained in a previous
study in which oral administration of ethanolic
extract of chamomile for 4 weeks decreased serum
glucose levels without significant improvement in
serum insulin levels.”

In contrast, Najla et al.” showed an increase in
blood insulin levels in diabetic rats treated with
chamomile daily (200 mg/kg/day) for 3 weeks using
a gastric cannula. The differences in these studies
could be explained by the different experimental
conditions, such as the STZ dose. Najla et al.'” used
a lower dose of STZ (45 mg/kg), and the factor for
determining the extent of diabetogenic action is the
dose of STZ.'”'8 Therefore, the possible mechanism
by which chamomile tea significantly decreases
glycemia levels is, in part, due to the inhibition of
hepatic glycogen degradation.?”

In the present study, we found a positive correlation
between glycemia and MDA concentration in the
PA glands of diabetic animals. Hyperglycemia has
been widely reported to be responsible for a higher
generation of free radicals and, when associated
with reduced antioxidant defense capacity, leads to
oxidative stress.>*? Oxidative stress is associated
with reduced saliva secretion in STZ-induced diabetic
rats,'? leading to dry mouth symptoms, frequently
reported in diabetic patients.*® Furthermore, saliva is
essential for maintaining oral health and integrity of
oral cavity tissues.* However, one of the limitations
of the present study is the absence of measurement
of salivary flow and salivary analysis, making it
impossible to evaluate the secretory function of
the salivary glands and the effects of chamomile
tea consumption.

Braz. Oral Res. 2022;36:034 7
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Oxidative stress can be prevented by an enzymatic
system responsible for eliminating excess ROS.* The
enzymatic system is composed of SOD, responsible
for catalyzing the dismutation of two molecules of
superoxide anion in hydrogen peroxide and oxygen,*
which is converted into water by CAT and GPx.
Thus, both CAT and GPx prevent the accumulation
of hydrogen peroxide.?** TAS represents the sum
of all antioxidants, and in the case of the salivary
glands, it provides information on their antioxidant
effectiveness.*® These antioxidant enzymes play a
significant role in preventing oxidative stress.’®

It is important to emphasize that diabetes is
related to decreased antioxidant capacity caused by
reduced endogenous antioxidant enzyme activity
and increased formation of ROS.* Our data showed
a significant decrease in the total value of TAS, SOD,
CAT, and GPx in the PA glands of untreated diabetic
rats when compared to those of the untreated control
group. The increased lipid peroxidation in the PA
glands of untreated diabetic rats may be due to an
inefficient antioxidant system.” The decrease in all
enzyme activities, including TAS values, showed a
reduced antioxidant potential, leading to oxidative
stress, as confirmed by the increase in MDA content.
The decrease in the defense mechanisms of enzymatic
and non-enzymatic antioxidant systems may be
due to increased use to remove free radicals. This
evidence suggests that antioxidants are a promising
additional treatment for DM."> Deconte et al."* showed
an increase in the MDA content in the PA glands of
diabetic rats 30 days after STZ induction. In addition,
Zalewska et al.® demonstrated that the antioxidant
defense of the PA glands is deficient throughout the
duration of experimentally induced diabetes and
suggested that changes in MDA depend on the type
of salivary glands studied in rats.

The PA and SM salivary glands react differently
in diabetic conditions.'*>* Salivary glands present
different metabolic pathways. In the PA glands, the
main source of energy is aerobic metabolism, whereas
in the SM, the main source is anaerobic glycolysis.
According to the results obtained in this study and
other studies 28 days after induction, the PA gland
of untreated diabetic rats is subject to dysfunction
in its antioxidant defense ability.’>*

8 Braz. Oral Res. 2022;36:e034

A previous study showed the use of chamomile
tea in patients with type 2 DM (3 g/150 mL hot
water) three times per day immediately after meals
for 8 weeks. The authors demonstrated a promising
antioxidant agent that prevents oxidative stress by
increasing antioxidant enzyme activities and reducing
lipid peroxidation.’® This study shows that chamomile
tea promoted an improvement in the antioxidant
capacity, defined by the increase in the enzymatic
activity of SOD, GPx, CAT, and TAS in both glands
and a marked reduction in lipid peroxidation in the
PA glands of diabetic rats. Furthermore, the increased
activity of antioxidant enzymes caused a reduction
in lipid peroxidation in the treated PA diabetic gland
when compared to the untreated. Thus, our results
suggest that ad libitum consumption of chamomile tea
has become the main tool for preventing oxidative
stress in the PA glands of treated diabetic rats. In
addition, chamomile tea contains high levels of
polyphenolic compounds such as coumarins and
flavonoids, which are related to the production of
free radical scavengers.” Our findings were also
compared with those of other studies that reported
decreased serum MDA and increased CAT, GPx, and
SOD activity and elevated TAS levels in diabetic rats
after administration of chamomile ethanolic extracts'"
and chamomile tea.'®

Although oxidative stress was observed only in
the PA glands of untreated diabetic rats, in the SM
glands, there was protection from damage caused
by oxidative stress since there was no increase in
MDA concentration. Therefore, this increase in the
total antioxidant capacity in the SM glands may also
be due to the increased activity of the enzymatic
antioxidant system.

Conclusions

The present study describes animportant reduction
in hyperglycemia and prevention of oxidative stress
with 21 days of chamomile tea administration as a
substitute for water, suggesting that chamomile tea
can be a potential candidate for the prevention of
oral complications in DM.
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Limitations of the study

In the present study, we evaluated the effect
of chamomile tea on the antioxidant enzymes
of the salivary glands and glycemia in STZ-
induced diabetic rats. DM is characterized by high
glucose concentrations and prolonged periods of
hyperglycemia, leading to oxidative stress. However,
we cannot postulate that the antioxidant effect is an
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indirect effect of chamomile tea on blood glucose
reduction. Thus, further studies are required to
confirm these findings.

Acknowledgments

This study was financed in part by the Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior -
Brasil (CAPES)-Finance Code 001.

1. Association AD; American Diabetes Association. 2. Classification and diagnosis of diabetes: standards of medical care in diabetes-2018.
Diabetes Care. 2018 Jan;41 Suppl 1:513-27. https://doi.org/10.2337/dc18-5S002

2. Manfredi M, McCullough MJ, Vescovi P, Al-Kaarawi ZM, Porter SR. Update on diabetes mellitus and related oral diseases. Oral Dis.
2004 Jul;10(4):187-200. https://doi.org/10.1111/j.1601-0825.2004.01019.x

3. Carda C, Mosquera-Lloreda N, Salom L, Ferraris MEG, Peydré A. Structural and functional salivary disorders in type 2 diabetic patients.

Med Oral Patol Oral Cir Bucal. 2006 Jul;11(4):E309-14.

4. Bonnefont-Rousselot D, Bastard JP, Jaudon MC, Delattre J. Consequences of the diabetic status on the oxidant/antioxidant balance.

Diabetes Metab. 2000 May;26(3):163-76.

5. Brownlee M. Biochemistry and molecular cell biology of diabetic complications. Nature. 2001 Dec;414(6865):813-20.

https://doi.org/10.1038/414813a

6. Styskal J, Van Remmen H, Richardson A, Salmon AB. Oxidative stress and diabetes: what can we learn about insulin resistance from
antioxidant mutant mouse models? Free Radic Biol Med. 2012 Jan;52(1):46-58. https://doi.org/10.1016/j.freeradbiomed.2011.10.441
7. Murphy MP. How mitochondria produce reactive oxygen species. Biochem J. 2009 Jan;417(1):1-13.

https://doi.org/10.1042/BJ20081386

8. Ergun S, Trosala SC, Warnakulasuriya S, Ozel S, Onal AE, Ofluoglu D, et al. Evaluation of oxidative stress and antioxidant profile in
patients with oral lichen planus. J Oral Pathol Med. 2011 Apr;40(4):286-93. https://doi.org/10.1111/j.1600-0714.2010.00955.x
9. Baynes JW. Role of oxidative stress in development of complications in diabetes. Diabetes. 1991 Apr;40(4):405-12.

https://doi.org/10.2337/diab.40.4.405

10. Nogueira FN, Carvalho AM, Yamaguti PM, Nicolau J. Antioxidant parameters and lipid peroxidation in salivary glands of streptozotocin-
induced diabetic rats. Clin Chim Acta. 2005 Mar;353(1-2):133-9. https://doi.org/10.1016/j.cccn.2004.11.004

11. Deconte SR, Oliveira RJ, Caldbria LK, Oliveira VN, Gouveia NM, Moraes AS, et al. Alterations of antioxidant biomarkers and
type | collagen deposition in the parotid gland of streptozotocin-induced diabetic rats. Arch Oral Biol. 2011 Aug;56(8):744-51.

https://doi.org/10.1016/j.archoralbio.2011.01.005

12. Ibuki FK, Simées A, Nogueira FN. Antioxidant enzymatic defense in salivary glands of streptozotocin-induced diabetic rats: a temporal
study. Cell Biochem Funct. 2010 Aug;28(6):503-8. https://doi.org/10.1002/cbf.1683
13. Zalewska A, Kna$ M, Maciejczyk M, Waszkiewicz N, Klimiuk A, Choromariska M, et al. Antioxidant profile, carbonyl and lipid oxidation

markers in the parotid and submandibular glands of rats in different periods of streptozotocin induced diabetes. Arch Oral Biol. 2015
Sep;60(9):1375-86. https://doi.org/10.1016/j.archoralbio.2015.06.012

14. Kna$ M, Maciejczyk M, Daniszewska |, Klimiuk A, Matczuk J, Kotodziej U, et al. Oxidative Damage to the Salivary Glands of Rats with
Streptozotocin-Induced Diabetes-Temporal Study: Oxidative Stress and Diabetic Salivary Glands. J Diabetes Res. 2016;2016:4583742.

https://doi.org/10.1155/2016/4583742

15. Ibuki FK, Bergamaschi CT, da Silva Pedrosa M, Nogueira FN. Effect of vitamin C and E on oxidative stress and antioxidant system in the
salivary glands of STZ-induced diabetic rats. Arch Oral Biol. 2020 Aug;116:104765. https://doi.org/10.1016/j.archoralbio.2020.104765

16. Zemestani M, Rafraf M, Asghari-Jafarabadi M. Chamomile tea improves glycemic indices and antioxidants status in patients with type 2
diabetes mellitus. Nutrition. 2016 Jan;32(1):66-72. https://doi.org/10.1016/j.nut.2015.07.011

17. Najla OA, Olfat AK, Kholoud SR, Enas ND. | Hanan SA. Hypoglycemic and biochemical effects of matricaria chamomilla leave extract in
streptozotocin-induced diabetic rats. J Health Sci (Sarajevo). 2012;2(5):43-8. https://doi.org/10.5923/j.health.20120205.01

18. Cemek M, Kaga S, Simsek N, Biyikokuroglu ME, Konuk M. Antihyperglycemic and antioxidative potential of Matricaria chamomilla L.
in streptozotocin-induced diabetic rats. J Nat Med. 2008 Jul;62(3):284-93. https://doi.org/10.1007/s11418-008-0228-1

Braz. Oral Res. 2022;36:034 9



20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Antioxidant effect of chamomile tea on the salivary glands of streptozotocin-induced diabetic rats

. Musa H, Hashem F. Hypoglycemic, hepato-renal and antioxidant potential efects of Chamomile Recutita flowers ethanolic extract in

streptozotocin-diabetic rats. Am J Pharmacol Toxicol. 2014;9(1):1-12. https://doi.org/10.3844/ajptsp.2014.1.12

Panda S, Kar A. Apigenin (4’,5,7-trihydroxyflavone) regulates hyperglycaemia, thyroid dysfunction and lipid peroxidation in
alloxan-induced diabetic mice. J Pharm Pharmacol. 2007 Nov;59(11):1543-8. https://doi.org/10.1211/jpp.59.11.0012

Prabakaran D, Ashokkumar N. Protective effect of esculetin on hyperglycemia-mediated oxidative damage in the hepatic and renal
tissues of experimental diabetic rats. Biochimie. 2013 Feb;95(2):366-73. https://doi.org/10.1016/j.biochi.2012.10.008

Adams Robert P. Identification of essential oil components by gas chromatography / mass spectroscopy. Carol Stream: Allured Publishing
Corporation; 1995.

Aebi H. Catalase in vitro. Methods Enzymol. 1984;105:121-6. https://doi.org/10.1016/50076-6879(84)05016-3

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with the Folin phenol reagent. J Biol Chem. 1951
Nov;193(1):265-75. https://doi.org/10.1016/50021-9258(19)52451-6

Karatas F, Karatepe M, Baysar A. Determination of free malondialdehyde in human serum by high-performance liquid chromatography
[pii]. Anal Biochem. 2002 Dec;311(1):76-9. https://doi.org/10.1016/S0003-2697(02)00387-1

American Diabetes Association. Classification and diagnosis of diabetes. Diabetes Care. 2017 Jan;40 Suppl 1:511-24.
https://doi.org/10.2337/dc17-S005

Kato A, Minoshima Y, Yamamoto J, Adachi |, Watson AA, Nash RJ. Protective effects of dietary chamomile tea on diabetic complications.
J Agric Food Chem. 2008 Sep;56(17):8206-11. https://doi.org/10.1021/if8014365

Bonnefont-Rousselot D. Glucose and reactive oxygen species. Curr Opin Clin Nutr Metab Care. 2002 Sep;5(5):561-8.
https://doi.org/10.1097/00075197-200209000-00016

Robertson RP, Harmon JS. Diabetes, glucose toxicity, and oxidative stress: A case of double jeopardy for the pancreatic islet beta cell.
Free Radic Biol Med. 2006 Jul;41(2):177-84. https://doi.org/10.1016/j.freeradbiomed.2005.04.030

Bernardi MJ, Reis A, Loguercio AD, Kehrig R, Leite MF, Nicolau J. Study of the buffering capacity, pH and salivary flow rate in type 2
well-controlled and poorly controlled diabetic patients. Oral Health Prev Dent. 2007;5(1):73-8.

Pedersen AM, Sarensen CE, Proctor GB, Carpenter GH, Ekstrém J. Salivary secretion in health and disease. J Oral Rehabil.

2018 Sep;45(9):730-46. https://doi.org/10.1111/joor.12664

Sathishsekar D, Subramanian S. Beneficial effects of Momordica charantia seeds in the treatment of STZ-induced diabetes in
experimental rats. Biol Pharm Bull. 2005 Jun;28(6):978-83. https://doi.org/10.1248/bpb.28.978

McCord JM, Fridovich . Superoxide dismutase. An enzymic function for erythrocuprein (hemocuprein). J Biol Chem.

1969 Nov;244(22):6049-55. https://doi.org/10.1016/50021-9258(18)63504-5

Kirkman HN, Gaetani GF. Mammalian catalase: a venerable enzyme with new mysteries. Trends Biochem Sci. 2007 Jan;32(1):44-50.
https://doi.org/10.1016/j.tibs.2006.11.003

Fowden AL, Giussani DA, Forhead AJ. Intrauterine programming of physiological systems: causes and consequences. Physiology
(Bethesda). 2006 Feb;21(1):29-37. https://doi.org/10.1152/physiol.00050.2005

Battino M, Ferreiro MS, Gallardo |, Newman HN, Bullon P. The antioxidant capacity of saliva. J Clin Periodontol. 2002
Mar;29(3):189-94. https://doi.org/10.1034/j.1600-051X.2002.290301x.x

10 Braz. Oral Res. 2022;36:e034



