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Abstract

Aim: The purpose of this study was to evaluate the effects of chamomile tea consumption inflammatory markers and insulin resistance in subjects with type 2 diabetes

mellitus (T2DM).

Methods: This single-blind randomized controlled clinical trial was conducted on 64 individuals with T2DM (males and females) aged between 30 and 60 years. The
intervention group (n=32) consumed chamomile tea (3g/150 mL hot water) 3 times per day immediately after meals for 8 weeks. The control group (n=32) followed
a water regimen for the same intervention period. Fasting blood samples, anthropometric measurements and 3-day, 24-h dietary recalls were collected at the baseline
and at the end of the trial. Data were analysed by independent ¢ test, paired # test, Pearson correlation test, and analysis of covariance.

Results: Analysis of covariance showed that tumour necrosis factor-a (TNFa) and high sensitive C-reactive protein (hs-CRP) levels and homeostatic model
assessment for insulin resistance (HOM-IR) were significantly decreased by 4.87%, 57.20% and 23.60% respectively in chamomile group compared with these
variables in control group at the end of the intervention (all p<0.05). There was significant positive correlation between the changes of serum TNFa and hs-CRP with
HOMA-IR (r=0.567, p<0.001 and r= 0.520, p<0.001, respectively) in chamomile tea group at the end of the study.

Conclusion:: Short term intake of chamomile tea has beneficial effects on inflammatory markers and insulin resistance in patients with T2DM. Higher larger sample

population and a longer intervention period may be required to show significant clinical improvements.

Introduction

Type 2 diabetes mellitus (T2DM) is one of the most common
chronic diseases worldwide [1]. It is estimated that six people die
every minute from the diabetes worldwide, a figure that will soon
make T2DM one of the world’s most common causes of preventable
mortality [2].

Chronic  hyperglycaemia increases circulating levels of
inflammatory biomarkers such as tumour necrosis factor-a (TNF-a),
C-reactive protein (CRP) and IL-6. TNFa is a pro inflammatory
cytokine that play a major role in metabolic disorders, such as obesity
and insulin resistance (IR) [3]. Hotamisligil, et al. [4] and Karasik, et
al. [5] first showed that TNF-a was able to induce IR, which is a key
component of T2DM. TNF-a and IL-6, as the main cytokines, initiate
inflammatory responses and lead to the production of CRP as an acute-
phase reactant [6].

CRP, a nonspecific marker of the inflammatory response [7], is
most consistently related to the development of T2DM [8-10]. CRP is
a cytokine that is mainly produced by the liver. High concentrations
of CRP have been associated with obesity, diabetes, coronary heart
disease (CHD) and a sedentary lifestyle [11].

In view of the increased risk of CVD associated with diabetes, it is
important to investigate the ability of nutritional therapies to attenuate
the effect of modifiable risk factors associated with CVD in this high-
risk patient group.
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Chamomile is a medicinal plant that has been used for centuries
in many human cultures to treat various inflammatory conditions
such as eczema, ulcers, gout, neuralgia and rheumatic pains [12,13].
It is consumed at a rate of more than a million cups per day [14,15].
Substantial part of the pharmacological effects is determined by the
biologically active chemical constituents that have been identified,
namely the sesquiterpenic and the phenolic compounds [13,16].

The anti-inflammatory and antihyperglycemic effect of aqueous
and ethanolic extracts of chamomile was evaluated in experimental
studies [12,14-18].In a study by Shipochliev, et al. the aqueous extract
of chamomile suppressed both the inflammatory effect and leukocyte
infiltration induced by a simultaneous injection of carrageenan and
prostaglandin E1. The inhibitory effects of chamomile aqueous extracts
were similar to those elicited by 10 mg/kg of the anti-allergenic agent
oxatomide in Wistar albino rats [19]. Natarajan, et al. indicated that
Chamomile treatment inhibited LPS-induced nitric oxide (NO)
production and significantly blocked IL-1f, IL-6 and TNFa-induced
NO levels in RAW 264.7 macrophages [20].
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Although some experimental studies have reported effects of
different extracts of chamomile on inflammation biomarkers, the
possible effects on IR and inflammatory parameters of patients with
diabetes have not been investigated. Therefore, we initiated a study to
evaluate the effects of chamomile tea consumption on IR, TNF-a and
hs-CRP levels in subjects with T2DM.

Methods
Subjects

Sixty-four patients with type 2 diabetes (male and female) aged
30-60 years with a body mass index (BMI) lower than 37 kg/m? were
recruited for this study from the endocrinology clinic, Imam Hossien
Hospital in Tehran, Iran from March 2013 to June 2013. Diagnosis
of T2DM was assessed at least 6 months prior to our examination.
Exclusion criteria included insulin treatment, smoking, alcoholism,
consumption of any dietary supplements, green tea and other herbal
infusion with the past 3 months or during the study, history of diseases
including liver, kidney and cardiovascular diseases, thyroid disorders,
gastrointestinal problems, cholesterol-lowering or anti-hypertension
treatment, using corticosteroids, cyclosporine, non-steroidal anti-
inflammatory or immunosuppressive drugs, warfarin and anti-epileptic
medications, pregnancy or breast-feeding, following a specific diet and
regular exercise (>2/weeks ), having allergy to plants of ragweed species
and having jobs that need high level of consciousness .

The study consisted of a single blinded randomized, controlled
clinical trial with treatment and control groups running in parallel
for a period of 8 weeks. Ethical Committee of Tabriz University of
Medical Sciences approved the study protocol and was registered on
the Iranian Registry of Clinical Trials website (available at: http:// www.
irct.ir, identifier: IRCT2013012712299N1). The study was conducted
in accordance with the guidelines of the Declaration of Helsinki
principles. All subjects gave written informed consent before clinical
trial enrolment.

Enroliment

Study design

The sample size was determined based on the primary information
obtained from the study by Kato, et al. for blood glucose [16]. For
an a value equal to 0.05 and a power of 80%, the sample size was
computed as 23 per group. This number was increased to 32 per
group to accommodate the anticipated dropout rate. The participants
were randomly allocated in two groups using a block randomization
procedure (of size 4) with matched subjects in each block based on
sex, age and BMI. The random sequence was generated using random
allocation software by statistician of the study. Endocrinologist
randomly assigned participants to an intervention group or a control
group. Whereas patients and Endocrinologist allocated to the
intervention group were aware of the allocated arm, outcome assessors
and statistician were kept blinded to the allocation.

A general questionnaire was completed for each subject. Body
weight was measured using a scale (Seca, Germany), without shoes
and wearing light clothing. Height was measured using a mounted tape
without shoes. BMI was calculated as the weight in kilogram divided
by the height in meters squared. Information about daily energy and
macronutrient intakes was obtained by 24-hour recall method for 3
days, including 2 week day and 1 weekend. Three day average of energy
and macronutrient intakes of all subjects was analysed by Nutritionist 4
software (First Databank Inc., Hearst Corp., San Bruno, CA).

Intervention

Chamomile was obtained as homogenous chamomile tea bags
(finished product) from the Iranian Institute of medicinal plants,
Karaj Iran. The tea bag, containing approximately 3 g of chamomile
tea, was manufactured on March 2013. These tea-bags were the same
commercially available product. The intervention group (n=32)
consumed one cup of chamomile tea infusate (1 chamomile tea bag
infused for 10 min [21] in 150 mL hot water without milk or sugar)
three times a day immediately after meals (breakfast, lunch, and
dinner) for 8 weeks [16,22]. The control group (n=32) consumed an
equivalent volume of warm water during the 8-week period (Figure 1).
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Figure 1. Flow diagram showing trial profile and study design
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Subjects were asked to keep a record of all beverages consumed during
the clinical trial and maintain their usual dietary intake and physical
activity and to avoid any changes in medication, if possible. The
compliance of the volunteers with the study protocol was monitored
by telephone interviews once a week and counting returned tea bags in
person every 2 weeks.

Blood sampling and biochemical assays

Venous blood samples (5 mL) from each subject were collected
between 7:00 to 9:00 AM after an overnight fast at the beginning of trial.
The serum samples were separated from whole blood by centrifugation
at 3500 rpm for 10 min (Avanti J-25, Beckman, Brea, CA, USA). The
serum and whole blood samples were frozen immediately at —70°C.
Serum glucose was measured using the standard enzymatic methods
with commercially available Pars Azmun kit (Karaj, Iran). Glycosylated
haemoglobin (HbA1C) was measured in the whole blood by cation
exchange chromatography with a Nycocard HbA1C kit (Norway). The
serum Insulin level was measured by ELISA method using Monobind
kit (USA) and insulin resistance was determined by Homeostasis
Model Assessment (HOMA) index with formula: HOMA-IR=Fasting
insulin (pU/mL)xfasting glucose (mg/dl)/405 [23]. The concentration
of hs-CRP was measured by spectrophotometer method using pars
azmun kit. Serum TNF-a was measured by platinum enzyme-linked
immunosorbent assay (ELISA) kits (Bender Med System, eBioscience,
Vienna, Austria).

All anthropometric, dietary intakes, blood sampling and
biochemical measurements were assessed again at the end of
intervention period in both groups.

Statistical analysis

Data were analysed using SPSS (version 16; SPSS Inc., Chicago, IL)
and the results are expressed as means + SD. The normal distribution of
variables was tested and confirmed by Kolmogorov- Smirnov test. The
baseline measurements and dietary intakes of subjects in two groups
were compared using independent samples t-test and chi-square test
for quantitative and qualitative variables respectively. ANCOVA was
used to identify any differences between the two groups at the end
of study, adjusting for baseline values and covariates. The changes in
anthropometric measurements, energy and macronutrient intakes,
serum levels of hs-CRP, TNF-a and HOMA-IR between the beginning
and end of the study were compared by paired samples t-test. The
percentage of changes in variables after intervention was determined
by formula: [(after values-before values)/before values]x100

Results with P<0.05 were considered as statistically significant.

Results

All of the patients (32 patients in chamomile tea group and 32
patients in placebo group) completed the study (Figure 1). Compliance
was good, with more than 97% of the tea bags being consumed in a
prescribed manner during the study period. Participants did not report
any adverse effects or symptoms with the chamomile tea consumption
during the study.

The baseline measurements and dietary intakes of subjects in two
groups were compared using independent samples t-test and chi-
square test for quantitative and qualitative variables, respectively.
ANCOVA was used to identify any differences between the two groups
at the end of the study, adjusting for baseline value, gender, intake of
OHA, duration of diabetes and changes of weight and calorie intake
during the study.
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Anthropometric characteristics and dietary intakes of participants
at the beginning and end of the study are shown in Table 1. Each
group consisted of 26 (81%) women and 6 (9%) men. There were no
significant differences between two groups in gender (p=0.999) at the
beginning of the study (data not shown). No significant differences
between and within groups in weight and BMI were observed at the
beginning of the study and after 8 weeks of intervention. There were no
significant differences in age, energy and other dietary intakes between
two groups at baseline. Total energy and nutrient intakes also did not
change significantly in any of the groups during the study.

Serum levels of glucose, HbA1C, insulin, HOMA-IR, TNFa and
hs-CRP levels of subjects at baseline and after 8 weeks of intervention
are shown in Table 2. Baseline values of hs-CRP and HbA1C were
not different between two groups. Significant differences were seen
between the two groups in serum levels of glucose, insulin, TNFa
and HOMA-IR at baseline. Results of analysis of covariance showed
statistically significant differences between two studied groups in serum
HbAIC (p=0.023) , TNFa (p<0.001), hs-CRP (p<0.001) and HOMA-
IR (p<0.001) levels at the end of the study, adjusted for baseline value,
intake of OHA, duration of diabetes, gender and changes of weight
and calorie intake during the study. Consumption of chamomile tea
decreased HOMA-IR by 23.60%, levels of TNFa by 4.87% and hs-CRP
by 57.20% compared with these variables in control group. As shown in
Table 2, HOMA-IR and serum levels of TNFa and hs-CRP significantly
reduced in the chamomile tea group (by 39.76%, 23.70% and 46.04%,
respectively) at the end of the study.

There was significant positive correlation between the changes of
serum TNFa and hs-CRP with HOMA-IR (r=0.567, p<0.001 and r=
0.520, p<0.001, respectively) in chamomile tea group at the end of the
study (data not shown).

Discussion

Based on our literature review, this trial is the first report about the
effects of chamomile tea consumption on inflammatory markers and
IR in patients with T2DM.

Our findings indicated that drinking of chamomile tea by subjects
with T2DM significantly decreased serum level of TNFa and hs-CRP
compared to control group. These inhibitory effects of chamomile
on inflammatory markers are agreement with findings of various

Table 1. General characteristics and dietary intakes of diabetic patients at baseline and after
8 weeks of intervention

Chamomile tea

Variable llzti?z:rement group ﬁlir;tzr)ol group
(n=32)
Age (yr) Baseline 50.19 £ 7.08 51.97 £6.42
Height(cm) Baseline 160.00 £ 6.50 162.12 + 6.34
i Baseline 76.00 £6.71 79.65 £ 6.62
Weight (kg) X "
After intervention 74.53 £6.48 79.87 £ 6.80
. Baseline 29.48 +£2.79 30.38+2.6
BMI (kg/m?) . .
After intervention 29.12+3.61 30.48 £2.72
Baseline 1988.2 +201.2 19583 +217.1
Energy (kcal/day) . ;
After intervention 2011 +221 1979.1 +248.00
Baseline 298.20 +40.90 298.8 £53.6
Carbohydrate (g/day) . ;
After intervention 303.24 +£38.22 293.01 +54.78
. Baseline 74.43 +£15.82 74.79 + 14.11
Protein (g/day) . ;
After intervention 76.32 £ 13.06 80.65 + 14.49
Baseline 57.6+11.8 5334104
Total Fat (g/day) X .
After intervention 57.51+15.26 55.84+11.89

BMI: body mass index. The results are described as mean + Standard Deviation (SD)
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Table 2. Glycemic and inflammatory indices of patients with diabetes at baseline and after 8 weeks of intervention

Variable Measurement period Chamomile tea group (n=32)
Glucose (mmol/L) Baseline 10.01 +£3.44
After intervention 8.88 £ 3.69

MD (95% CI), P value®

-1.13 (-1.87,-0.39), 0.004

Control group (n=32)
8.46 +1.86

8.73 +£1.55

0.27 (-0.23,0.77), 0.282

MD (95% CI), P value
-1.55(-2.94,-0.17), 0.028*
1.34(0.42, 2.25), 0.081°

HbAlc (%) Baseline 7.91+1.76 7.48 +1.09 -0.43 (-1.17,0.301), 0.243
After intervention 7.48 +1.59 7.50 +0.92 0.28 (0.01, 0.56), 0.03¢
MD (95% CI), P value® -0.43 (-0.61, -0.24), <0.001 0.01 (0.17, 0.2), 0.842
Baseline 15.96 + 1.71 13.93 + 0.81 2.02 (-2.69, -1.35), <0/001*
Insulin (uIU/dL) After intervention 10.68 +1.41 14.28 + 0.90 4.30 (3.51,5.09), < 0/001¢
MD (95% CI), P value® -5.27(-5.97, -4.58), <0.001 0.34 (0.19, 0.50), <0.001
Baseline 7.05+2.34 524+123 -1.81 (-2.74, -0.87), <0/001*
HOMA-IR After intervention 424+ 195 555+ 1.12 2.26 (1.49, 3.03), < 0.001°
MD (95% CI), P value® 2.81 (-3.42, -2.19), <0.001 0.31 (-0.01,0.64), 0.06
TNFa (Pg/ml) Baseline 61.70 + 16.93 44.14 % 10.09 -17.56 (-24.56, -10.56), <0/00'a
After intervention 46.42 + 14.98 48.80 + 10.70 13.43 (7.71, 19.16), < 0/001
MD (95% CI), P value® -15.27 (-19.45, -11.09), <0.001 4.66 (2.35, 6.96), <0.001
Hs-CRP (mg/L) Baseline 1.93+1.11 2,09+ 1.76 0.16 (-0.58, -0.90), 0.665°
After intervention 1.04+0.73 243 +1.88 1.17 (0.73,1.61), < 0/001¢

MD (95% CI), P value®

-0.88 (-1.11, 0.65), <0.001

0.34 (0.30, 0.65), 0.03

HbAlc: Glycated Hemoglobin Alc; HOMA: Homeostasis Model Assessment Index; MD: Mean Difference

The results are described as mean + Standard Deviation (SD)

*MD (95%CI), p value is reported based on the analysis of Independent sample t-test
"MD (95%Cl), p value is reported based on the analysis of paired sample t-test

‘MD (95%CI), p value is reported based on the analysis of covariance

experimental studies [20, 24-26]. In a study by Curra, et al. topical
aqueous chamomile extract reduced the tissue levels of TNF-a
and IL-1f, thereby demonstrated anti-inflammatory action in oral
mucositis in hamsters [24]. In the study by Natarajan, et al. aqueous
extract of chamomile treatment significantly blocked TNFa, IL-1p
and IL-6 -induced NO levels in RAW 264.7 macrophages. In their
study chamomile caused reduction in LPS-induced iNOS mRNA
and protein expression. Inhibitory effect of chamomile on iNOS gene
expression suggests that this is one of the mechanisms responsible for
its anti-inflammatory properties [20]. Shipochliev, et al. reported that
the aqueous extract of chamomile suppressed both the inflammatory
effect and leukocyte infiltration induced by a simultaneous injection of
carrageenan and prostaglandin E1. These results were similar to those
elicited by 10 mg/kg of the anti-allergenic agent oxatomide [19]. In
another study by Janmejai, et al. aqueous chamomile extract treatment
inhibited the release of LPS-induced prostaglandin E (2) in RAW 264.7
macrophages. This effect was found to be due to inhibition of COX-
2 enzyme activity by chamomile, with a mechanism of action similar
to that attributed to NSAID [25]. Several studies also demonstrated
anti-inflammatory effects of active components of chamomile
including flavonoids (apigenin, luteolin and quercetin) and essential
oils (a-bisabolol, bisabolol oxides A and B, chamazulene and a- and
B-farnesene) [26-28,19]. Abe, et al. indicated that chamomile essential
oil tested at 0.1% concentration suppressed TNF-a-induced neutrophil
adherence [27]. Chamazulene carboxylic acid, a sesquiterpenic
compound of chamomile, presents a chemical structure similar to
profens [28], known as anti-inflammatory compounds that inhibit the
key enzymes of prostaglandin metabolism [15].

Based on result of this study chamomile tea consumption
significantly decreased serum level of glucose in the intervention group
compared to its baseline values and declined levels of serum insulin
and HOMA-IR compared to control group. Glucose lowering effect of
chamomile was demonstrated in some previous studies [16-18]. Similar
to our results a recent study demonstrated that ethanolic chamomile
extract significantly reduced fasting plasma insulin levels by 13% and
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insulin resistance by 23% in mice after 2 weeks of treatment [22].
According to our obtained findings it was possible that improvement
in IR in chamomile group contributed to their lower blood glucose
level during the study trial.

It was suggested that antihyperglycemic activity of chamomile
might be due to stimulating of peripheral glucose utilization, especially
in muscle and adipose tissue, and/or inhibition of key enzymes involved
in the gluconeogenesis and glycogenolysis pathways. Modulation of
PPARs and other factors by chamomile extract may be another possible
related mechanism(s) in this regard [16-18,22].

Other underlying mechanisms for favourable effects of chamomile
on blood glucose parameters and IR in present study might also be
through serum TNFa and hs-CRP reductions which were demonstrated
in our treated group (Table 2). In current study there was a significant
direct correlation between serum levels of TNFa and hs-CRP with
HOMA-IR in chamomile group.

TNFa belongs to the TNF family, which is produced by
macrophages, natural killer cells and T cells [4]. TNF-a may alter
insulin sensitivity in different ways. A strong candidate mechanism
is attenuating insulin receptor signalling path-ways. TNFa induces
an increase in Ser/Thr phosphorylation of insulin receptor substrate
1 (IRS-1) or IRS-2. This may be quite important because increased
IRS-1 Ser/Thr phosphorylation is strongly correlated with IR in insulin
responsive cells or tissues, and because other perturbations that can
provoke an increase in Ser/Thr phosphorylation of IRS-1 (such as
hyperinsulinemia) also attenuate insulin signalling.

Another potential mechanism is decreasing glucose transporter-4
(GLUT4) in adipocytes by TNFa [29]. TNF-a has been shown to
inhibit preadipocyte differentiation and it might also induce in vitro
dedifferentiation of 3T3-L1 adipocytes [30]. These negative effects
on adipocyte differentiation correlate with suppression of other
adipocytes genes, such as those encoding adipocyte fatty acid binding
protein (aP2), adipsin and the insulin-responsive glucose transporter
[30-32]. Thus, downregulation of GLUT4 or other cellular components
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that mediate the metabolic effects of insulin represents a plausible
mechanism for how TNF-a might mediate insulin resistance.

Another involved mechanism of TNFa-induced IR is suppression
of adiponectin [33]. Adiponectin is an adipose-specific plasma protein
with insulin-sensitizing effects [34]. The proinflammatory cytokine
TNFa reduce adiponectin expression and throw this way induced IR.

Numerous studies have indicated that chronic, modest elevations
in CRP are associated with the development of IR in humans [35-37].
CRP is measured by a high-sensitivity assay (hs-CRP). In agreement
with our results in the study by Leinonen, et al. HOMA IR was
positively correlated with CRP in subjects with T2DM [38]. In another
study by Yudkin, et al. in 107 nondiabetic subjects, CRP levels were
related to IR [39]. Tanigaki, et al. demonstrated that modest elevations
in CRP cause insulin resistance in mice by decreasing skeletal muscle
glucose delivery and that the process is due to attenuated endothelial
insulin action mediated by FcgRIIB, which is abundant in skeletal
muscle microvascular endothelium [40].

It should be note that in the present study, the subjects were asked
to maintain their former diet during the study and data indicated that
the population diet did not change significantly during the intervention
trial. Thus, dietary factors could not be considered as confounding
factors in the interpretation of studied biochemical variables. It was
also expected that the randomized design could balance eventual bias
between the study and control groups. However, our study had some
limitations, including short study duration of 8 weeks and discrepancy
at the gender issue. In addition, effects of chamomile components on
inflammatory markers and IR may be dose dependent [18]. Therefore,
the interpretation of the results of current study may not be applicable
for using other amounts of chamomile tea or other intervention
periods. Moreover, understanding the effects of chamomile tea on
other inflammatory factors and especially related possible mechanisms
warrants further studies.

Conclusion

In conclusion, the present study showed that short term intake
of chamomile tea had some beneficial effects on inflammation and
IR in patients with T2DM. Higher larger sample population and a
longer intervention period may be required to show significant clinical
improvements.
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