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Summary. Introduction: Chamomile is one of the medicinal herbs, frequently used in traditional medicine for
treatment of diabetes. Therefore this study aimed to evaluate the effects of chamomile herbal tea on glycemic
index, lipid profile and kidney function in type 2 diabetic patients. Mezhods: This randomized clinical trial was
conducted on 50 diabetic patients. The intervention group received standard treatment with orally 200 ml/day
of chamomile infusion (10 g/100 mL boiling water) twice a day before meals (lunch and dinner) for 4 weeks.
The control group only received standard therapy. Resu/ts: Consumption of the chamomile infusion was ac-
companied by a significant reduction in total cholesterol (TC) (p= 0.02), low density lipoprotein cholesterol
(LDL-C) (p= 0.04) and creatinine (Cr) (p= 0.03). Within-group comparisons showed there was a significant
decrease in fasting blood sugar and 2-h postprandial glucose in the intervention group (p= 0.01), (p= 0.03),
respectively. Conclusions: Chamomile has potential desirable effects on serum levels of TC, LDL-C and Cr in
patients with type 2 diabetes taking oral hypoglycemic agent.
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Abbreviations

T2DM, type 2 diabetes mellitus; Cr, creatinine; TC, total
cholesterol; LDL-C, low density lipoprotein cholesterol; TG,
triglycerides; HDL-C, high-density lipoprotein cholesterol;
FBS, fasting blood sugar; 2hpp; 2-h postprandial glucose; M,

molar.

Introduction

Diabetes is one of the most common metabolic dis-
orders, caused by insulin deficiency or insulin resistance
(1). Type 2 diabetes mellitus (T2DM) is immense in-
crease around the world. It is estimated that until 2030,
the numbers of adults with diabetes will be increased to
69% and 20% in developing and developed countries,
respectively (2). A noticeable increment in the preva-
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lence of T2DM has been observed in Iran (especially
in Yazd) over the last decade (3-5). Prolonged hyper-
glycemia can cause some serious complications such as
nephropathy, retinopathy, neuropathy, and cardiovas-
cular diseases (6-8). Various oral hypoglycemic agent
(biguanides, sulfonylureas and thiazolidinediones) with
or without insulin therapy, have been administered for
alleviating the disorder (9-11).

The use of medicinal plants and spices as a valu-
able alternative treatment for T2DM is on the increase
in most developing countries and also in industrialized
societies, despite the use of modern antidiabetic agents
(12). It seems that soluble phenols constituents in hot
water and sesquiterpenes are important in the hypo-
glycaemic and hypocholesterolaemia effects of chamo-
mile extract in animal studies (13-15). Eddouks et al.
(16) demonstrated that the consumption of aqueous
extract of chamomile for 2 weeks was associated with
a reduction in blood glucose levels in normal and also
streptozotocin-induced diabetic rats. Some studies re-
ported that antidiabetic activity of chamomile extract is
related to its conservation effect on pancreatic beta cells
in diminishing hyperglycaemia-related oxidative stress
and also repressing blood glucose levels and enhancing
liver glycogen concentration. On the other hand, Ce-
mek et al. (17) observed that the chamomile extract had
no significant influence on fasting blood glucose levels
in normal and diabetic rats (20 mg/kg/day). Reduction
of urea and creatinine was observed in streptozotocin-
induced diabetic rats after administration of Matricaria
chamomilla water extract for two weeks (18).

Several human studies have proven the effects of
this plant on sleep quality and depression (19), Antip-
roliferative and Apoptotic in human cancer cells (20),
anxiolytic activity (21), anti-inflammatory (22), hypo-
tension in cardiac patients (23) and oral mucositis in
patients undergoing hematopoietic stem cell transplan-
tation (24). Rafraf et al. (25) demonstrated that con-
sumption of 3 chamomile tea bags for 8 weeks is associ-
ated with reduction in total cholesterol (T'C), triglyceride
(TG) and low-density lipoprotein cholesterol (LDL-C)
in T2DM patients. Improvement of creatinine concen-
tration was observed with the consumption of chamo-
mile tea in healthy volunteers (n= 14) after 2 weeks (26).

Overall, several studies have demonstrated the
beneficial effects of chamomile in animals. To the best

of our knowledge, there exists no accessible report
which represents the effects of chamomile infusion on
metabolic state and also on kidney function in patients
with T2DM. The aim of this study was to determine
the effects of chamomile consumption on serum lipid
profiles, blood glucose, blood urea and creatinine in pa-
tients with T2DM.

Methods and materials

Study design

Study participants were randomized (using a ran-
dom number table) to consume 20 g powder of chamo-
mile flower daily, this is also known as the intervention
group. Outcome assessors and the statistician, as well as
laboratory technicians, were blinded to the allocation.
The participants in the intervention group were asked to
drink one cup of brewed chamomile (10 g of chamomile
plant brewed for 10 min in 100 ml boiling water without
sugar) twice a day before the meals (lunch and dinner),
for 4 weeks. The control group only received standard
therapy. The recommended dosage (20 g/day) was cho-
sen as selected by previous studies (13, 19). To take 24 h
dietary recalls and count returned packed sachets, par-
ticipants were visited at baseline, weeks 2 and 4 of study.

Participants

Participants with type 2 diabetes who were between
30- 70 years were recruited from the Diabetes Research
Center, Yazd, Iran, from March 2015 to March 2016.
The calculation of the sample size was performed, con-
sidering the primitive information obtained for blood
glucose from the study by Khan et al. (27), with 80%
power, a significance level of 0.05, 25 subjects in each
study group was determined.

The inclusion criteria included: The inclusion crite-
ria include: subjects were confirmed the diagnosis of their
T2DM based on the American Diabetes Association
(ADA) guidelines (28). Also, patients who did not con-
sume regular chamomile or other tisane within the last
1 month were also included. Exclusion criteria included:
consuming less than 30% of the packed chamomile, renal
failure, gastrointestinal or cardiovascular disease, hyper-
tension, other endocrine disorders or allergic reactions to
chamomile plant (self-report), pregnancy, lactation, insu-
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lin therapy, following a specific diet and changing dose or
type of drugs within the last 6 months or during the in-
tervention. At baseline, all participants were asked not to
change their physical activity and follow their routine diet
during the study. An informed consent form was signed
by each subject before beginning the study. Fifty subjects
(27 males and 23 females) who met the inclusion criteria
were recruited in this trial. Six subjects did not continue
over the study; therefore 44 subjects (22 in each group)
completed the study (Figure 1).

Plant material

The chamomile flower was procured from a lo-
cal market in Yazd city (Iran) in June, 2014 and it was
authenticated by Laboratories of the School of Phar-
macy and Pharmaceutical sciences of Shahid Sadoughi
University of Medical Sciences. The plant was weighed,
added to a certain amount of distilled water (20 g/200
ml), followed by infusion for 10 min and filtration us-
ing a Buchner funnel (Whatmann No.1 filter paper)
according to the reported tea brewing procedure (21).

Determination of fotal phenolic content
Total phenolic content was determined by Folin-
Ciocalteu reagent (22), with some minor modifications.
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Figure 1.

The extract (200 pL) was mixed with Folin-Ciocalteu
reagent (1.5 ml, 1:10 diluted with distilled water) and
allowed to stand at 22°C for 5 min; 1.5 mL of sodium
bicarbonate solution (6 g/100 ml) was added to the mix-
ture and after 90 min at 22°C, the absorbance level was
measured at 725 nm using a UV-Visible spectropho-
tometer. A calibration curve of gallic acid (25 to 150
pg/mL in 80% methanol) was prepared and the results
were reported as milligram of gallic acid equivalents per
gram of sample dry weight (mg GAE/g DW) and was

reported as mean * standard deviation (SD).

Determination of total flavonoid content

Aluminum chloride colorimetric method was used
to determine the total flavonoid content in the plant
(23). One mL of extract or standard solution of cate-
chin (50, 100, 150, 200, 250 and 300 mg/L) was added
separately to a volumetric flask (10 mL) containing 4
mL of double distilled water (ddH,O) and 0.3 ml of 5
% NaNO, was added to the flask. After 5 min, 0.3 ml
AICl; (10%) was also added. At the 6th min, 2 ml of 1
M NaOH was added and topped up to a final volume of
10 mL with double distilled water. The flavonoid con-
tent was expressed as mg catechin equivalents (CE)/g

dry matter.

Ferric-reducing antioxidant power (FRAP) assay

FRAP assay was conducted according to the meth-
od of Benzie and Strain (24), with slight modifications.
One-hundred pL of the extract and 3 mL of prepared
FRAP reagent (5 mL of 10 mM TPTZ solution in 40
mM HCI plus 5 mL of 20 mM FeCl;_6H,O and 50
mL of acetate buffer (0.3 mol/L, pH 3.6) were mixed
together. After an incubation period of 15 min at a tem-
perature of 37°C, the absorbance was measured at 585
nm. Five concentrations of FeSO, 7H,O (12.5, 25, 50,
100, 200 pmol/L) were used to draw a calibration curve.
In this test, ascorbic acid was used as the reference. All
the measurements were carried out in triplicate and ex-
pressed as mean * SD.

Measures

A general questionnaire was completed for each
participant. Recommendations about avoiding any
changes in their physical activity and usual dietary in-

take were evaluated using registered records through-
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out the study. Height and weight were measured with-
out shoes and with minimum clothing using a scale
and non-stretched tape measure (Seca, Germany).
Body Mass Index (BMI) was calculated by dividing
the weight (in kilogram) by the square of the height

(in meters squared).

Biochemical assays

At baseline and after 4 weeks of trial, fasting blood
samples (5 mL) were taken. Blood glucose, total choles-
terol (T'C), triglycerides (T'G), high density lipoprotein
cholesterol (HDL-C), blood urea and creatinine were
measured using enzymatic methods (Pars Azmoon Kit,
Iran), and low-density lipoprotein cholesterol (LDL-
C) levels were computed using the Friedewald formula

(LDL-C =TC - (HDL-C +TG/5).

Statistical analysis

Data were analyzed using statistical package for
social sciences (SPSS) statistical software (version 16.0).
Kolmogorov-Smirnov test was used to evaluate the nor-
mality of data distribution. Independent sample t- test
was used for two group comparisons. Paired T-test was
used to compare variables at baseline and the end of
study. Analysis of covariance (ANCOVA (was applied
to compare differences between the two groups at the
endpoint, adjusting for age, gender and baseline values

Table 1. Total antioxidant activity, phenolic and flavonoid con-
tents of the chamomile

Variables Mean + SD

FRAP value, Ascorbic acid 155.7 + 1.25, 649

(mmol Fe2+/g DW)
Total phenolic (mg GAE/g DW) 5.78 £ 0.04
Total flavonoids (mg CE/g DW) 7.02 +1.05

as the covariates. Data were presented as means = SD.
The level of significance was considered at p< 0.05.

Results

The total antioxidant activity, total phenolic and
flavonoid contents of chamomile consumed by the
study participants are shown in Table 1. Forty-four (20
women and 24 men) of the 50 enrolled patients with
T2DM completed the study. Participants’ age, weight,
height and BMI did not differ between the two groups.
Based on 24 h dietary recall, dietary intakes of energy,
carbohydrate, protein and fat were not significantly dif-
ferent between two groups at baseline and after 4 weeks
of study. These findings demonstrated patients did not
change their routine diet during the study (Table 2).

Table 2. Baseline demographic characteristics and dietary intakes of the study participants *

Variables Chamomile group Control group p-value®

Age (year) 55.33+7.85 55.22+6.72 0.96

Weight (kg) 75.72 + 9.45 72.72 + 10.06 0.36

Height (cm) 166 = 8.02 163 £ 4.71 0.18

BMI (kg/m2) 27.51£3.72 27.17 £3.11 0.76

Baseline inteef::tion Baseline intee‘f::tion Baseline mt::vf;f;ion di?f(r:::rl:ce

Energy (kcal/day) 1715 + 186.11 1641.7 + 133.24 1677.8 £ 135.07 1681.8 + 128.53 0.46 0.36 0.30
Carbohydrate (g/day) 233.41+31 226.21 £21.91  230.32+25.59 232.41 = 20.61 0.74 0.38 0.46
Protein (g/day) 63.45 £ 8.91 61.21 £5.16 62.99 + 7.89 59.35 £5.65 0.87 0.30 0.62
Fat (g/day) 60.27 £ 8 58.05 £ 5.06 57.67 £4.70 59.45 £5.91 0.24 0.44 0.09

“Data are expressed as mean + SD

" Obtained from independent samples t-test for continuous variables and Chi-square for categorical ones
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The mean values of serum lipid profiles and glyce- =
mic status at study baseline and after 4 weeks of inter- 5 é © ¢ o L o
vention are illustrated in Table 3. There existed no sig- . i z p S 3 S ° &
nificant differences in TG, LDL-C, HDL-C, FBS and = E
2hpp between groups at baseline (p>0.05). However, i %
there was a significant difference between the baseline % § ¥ I SR8
values of TC (p= 0.046). r:§ SHE
The results of ANCOVA illustrated that the TC .
and LDL-C significantly decreased (p<0.05), while % S T N S
the serum levels of TG, HDL-C, FBS and 2hpp did \Z S S S S S S
not differ significantly between the two groups at end- - -
point. After 4 weeks, TC (-4.66% vs. 4.44 % increase Y S 2 5 ¥ § x
in control group) and LDL-C (-19.97% vs. 15.82 % _ %’J % T % a o L:
increase in control group) decreased significantly in $ ! 3 L[C\? Q. E ] é
the intervention group (data not shown). A signifi- E v TN ]
cant decrease in FBS (161.28 + 41.57 mg/dl at study ? clen T oa L o R
baseline vs. 146.95 + 6.64 mg/dl after intervention; p= E” 5 ‘é § o LIS i § =
0.01), as well as 2hpp (239.11 + 67.76 mg/dl at study s g i 5l ® é' N % N é
baseline vs 222.33 + 10.98 mg/dl after intervention; p= =S = % w Ny g N
0.03), was identified in the intervention group after 4 % A oo
weeks of chamomile consumption (Table 3). E . i g g 3 § §
No significant differences were observed in serum ° |0 © d oo —g
creatinine and urea between the two groups at base- E E S 8 9 é = = §
line. However, there were significant differences in z S 8 2 ¥ 5 8 S
creatinine levels between the two groups at the end of &g 2 £
the study (p= 0.03), after adjustment for confounders Fcé = g -~ 3 8 3 8 §
(age, gender and baseline values). After intervention, g \; e °c < < - ~§
there were no significant differences between the two S 92 2 o 8 S
groups in urea values (p= 0.48). A significant decrease —ﬂg g ld 8 8 3 F 9 5 %‘0
in serum levels of creatinine (p<0.04) was obtained in Y & E BRI i A E 3 g:\
the intervention group in comparison to the baseline S 2l Qe 3 F R 3T I §§ g
values (Table 4). 3’3 & oo e T A % 3 ~§ §
BIEIES|: 5 o0 9 on TlESYE
Discussion o | 2 i 8 2 8 5 8 g § S8
& Elg 32 gy
This parallel, single-blind, randomized trial dem- 'U; © - : - - Z § \i‘ \i‘ %\
onstrated that consumption 20 gr/day of chamomile T; y g E 5 § ;- E g § § §
for 4 weeks significantly reduced the TC, LDL-C, Cr 2 S % w9 ow w w|§X3 =
levels in patients with T2DM. Furthermore, a signifi- = K- § § g f § i K 33 3
cant decrease from baseline in FBS and 2hpp was also g 8 8 2 2 8|z NI
obtained in the intervention group. The effect of cham- g 3 3 %E; § ~§
omile extract on serum lipid profile have already been g 5 3 > > = SN *§~
surveyed in diabetic animals (29, 30). Najla et al. (18) : g &4 § E)E/ \%D \%,) £ § § =
indicated that the changes of serum levels of TC, TG, - E E I 4 5 = § B §
HDL-C and LDL-C were significantly different from E 8 E a @ @ -E SIEVENEN
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Table 4. Renal function biomarkers in diabetic patients at baseline and after 4 weeks of intervention

p-value

=22)

Control group (n

Chamomile group (n=22)

After

intervention®

Baseline®

After

intervention

Baseline

After

intervention

Baseline

p-value®

change

p-value

Change

0.98+0.02 0.007 +0.11 0.78 0.33 0.03

1+0.27

0.90+0.02 -0.45+0.86 0.04

0.92 +0.16

Creatinine (mg/dL)

31.17+1.41 -094=+548 0.47 32.60 +8.53 32.61+145 0.61+6.18 0.68 0.96 0.48

32.5+7.77

Urea (mg/dL)

"The results are expressed as mean * standard deviation (SD)

« p~value is reported based on the analysis of independent sample ¢t test
! p-value is reported based on the analysis of Student’s paired ¢ test

< p-value is reported based on the analysis of covariance (adjusted for age, gender and baseline values)

the control healthy group after administration of the
water extract of chamomile in diabetic rats. The con-
sumption of Chamomile tea in patients with T2DM
resulted in a considerable decline in serum T'C, TG,
and LDL-C levels after 8 weeks of treatment (25).
Similar effects were also reported in obese mice (31).
It was suggested that the antihyperlipidemic activity
of this plant might be due to the high concentration
of the essential oil of chamomile (32) well as its anti-
oxidant action (33, 34). However, the consumption of
chamomile had no significant effects on HDL-C and
TG levels after adjustment for confounders. In agree-
ment with the present results, Aljubouri et al. (35) did
not find a remarkable effect of the oral administration
of chamomile aqueous extract on serum TG levels
in hyperlipidemic rats. The same observations were
observed in Guinea pigs with hyperlipidemia (36).
Moreover, Weidner et al. (31), showed that the treat-
ment with chamomile flowers extract had no effect on
serum HDL-c levels in high-fat diet (HFD)-fed mice
after 6 weeks intervention. This observation agreed
with the result of a study which reported that the levels
of HDL-C was not significantly altered after chamo-
mile tea consumption (25). In contrast to the current
findings, Ashraf et al. (37) stated that aqueous extracts
of chamomile in diabetic rats for 6 weeks was associ-
ated with a significant increase in serum HDL-c levels.
The presence of chlorogenic acid in chamomile flowers
might be responsible for the hypolipidemic activity of
this plant (26, 38). Antihyperlipidemic effect of cham-
omile might be due to the modulation of PPARs (13).

Although individuals in the chamomile group had
a significant decline in FBS and 2hpp levels (p<0.05),
these values did not decrease markedly in this group
compared to the control group. Different effects on ani-
mals were reported previously by Khan et al. (27), Kato
et al. (13), and Najla et al. (18). Cemek et al. (17) indi-
cated that the ethanolic chamomile extract had no effect
on fasting blood glucose levels in normal healthy (100
mg/kg/day) and diabetic rats treated with the extract in
a dose of 20 mg/kg/day. Darvishpadok et al. (39) dem-
onstrated that the treatment of fertile diabetic rats with
100, 300, and 500 mg/kg of chamomile ethanolic ex-
tract significantly decreased the levels of blood glucose
and HbA1C, and the maximum effect was found at the
dose of 500 mg/kg/day. The serum level of postprandial
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glucose hyperglycemic improved significantly in high
fat diet (HFD) obese mice after oral administration of
chamomile aqueous extracts for 15 days (40). Esculetin,
quercetin and luteolin in chamomile via inhibiting in-
testinal a-glucosidase activities, hepatic glycogen phos-
phorylase and increasing liver glycogen content, may
help to decrease blood glucose (13). The inconsistencies
in the findings may have partially originated from the
different forms of chamomile supplement, small sample
sizes, the species and growing conditions. Furthermore,
a short duration of study may prohibit the proper obser-
vation of the effects of this plant on glycemic control.

The consumption of chamomile infusion led to a
significant decrease in serum creatinine level (p= 0.03).
Consistent with the present results, creatinine levels
were reduced after administration of the chamomile
extract in diabetic rats (18, 37); while these results are
in contrast with the report of Shati et al. (23) who no-
ticed the insignificant changes in the blood urea and
creatinine in chamomile treated group in induced hep-
ato-nephrotoxicity rats. The consumption of antioxi-
dants is one of the most important treatment strategies
to cause reduction in serum creatinine in diabetic pa-
tients. Therefore, the antioxidant activity of chamomile
is accounted for this favorable effect.

The strengths of this study are as follows: the
randomized design; the participants were advised to
maintain their regular diet and physical activity habits
during the study and as a result, these factors could
not confound the findings. There are also some limita-
tions to this research, including its single-blind design,
differences at baseline values of some characteristics,
short study duration, and small sample size. Howev-
er, a placebo-controlled study with longer duration is
recommended to determine the appropriate doses of
chamomile in patients with T2DM and to elucidate
its mechanism in more details on glucose and lipid me-
tabolism.

Conclusion

The evidence from the current study revealed
that chamomile infusion had beneficial effects on
TC, LDL-C and serum creatinine in patients with
T2DM. 'The underlying mechanisms for these desir-

able effects are still poorly understood. Further studies
are needed to determine the antidiabetic and antihy-
perlipidemic effects of chamomile infusion in different
doses and longer term of study.
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