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Objectives: The present study was conducted to investigate the protective effects of chamomile oil from 

Matricaria chamomilla against type 1 diabetes mellitus (T1DM) and its potential mechanisms. 

Methods: T1DM was established in male New Zealand white rabbits via a single intraperitoneal infusion 

of streptozotocin (STZ) (80 mg/kg body weight −1 , dissolved in 0.2 mL of normal saline). Different doses 

of chamomile oil (25, 50 and 100 mg/kg) were orally administrated to STZ induced diabetic rabbits for 21 

consecutive days. The expression of pro-inflammatory cytokines was determined using ELISA assay. The 

expression of NF- κB and NLRP3 was measured using Western blot assay. 

Results: Compared with normal rabbits, STZ-induced diabetic rabbits exhibited significant increased levels 

of blood glucose and decreased levels of serum insulin that were reversed using middle and high tested 

dose of chamomile oil. Likewise, STZ-induced diabetic rabbits showed a significant increased expression 

of NF- κB and NLRP3 proteins in the pancreas tissue that was reversed by high tested dose of chamomile 

oil. 

Conclusion: Collectively, our findings demonstrated that chamomile oil possesses anti-hyperglycemic, and 

anti-inflammatory activities in STZ-induced diabetic rabbits by targeting inflammatory cytokines and NF- 

κB and NLRP3 signaling pathways. 

© 2019 Tianjin Press of Chinese Herbal Medicines. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Studies have shown that all types of diabetes represent

n ever-growing prevalence around the world in current years

 Kankala et al., 2018 ; Kasputis et al., 2018 ; Liu, Shi & Lee, 2019 ; Rak

 Bronkowska, 2019 ; Saghahazrati, Ayatollahi, Kobarfard & Zang,

020 ). The leading cause of type 1 diabetes mellitus (T1DM) is

he severe destruction and death of insulin producing beta cells

n the pancreas through infiltration of macrophages and T lym-

hocytes into islets of langerhans ( Assmann, Brondani, Bouças,
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anani & Crispim, 2015 ). This autoimmune disease includes about

% −10% of all cases of diabetes in worldwide and is character-

zed by absolute lack of insulin and chronic hyperglycemia. The

urrent treatment option is substitutive chronic use of exogenous

nsulin ( Götze et al., 2018 ). At the variance with considerable ad-

ances, chronic use of exogenous insulin has been challenged ow-

ng to lack of effectiveness and limitations to prevent neurolog-

cal and vascular complications ( Chatenoud, 2010 ). Inflammation

lays an important role in diabetes and other degenerative dis-

ases ( Amani et al., 2019 d; Imam et al., 2019 ; Janzadeh et al., 2017 ;

ehrjerdi et al., 2015 ; Sireesh, Dhamodharan, Ezhilarasi, Vijay &

amkumar, 2018 ). The initiation of inflammatory responses by

cute phase proteins can lead to diabetes-preventing or diabetes-
his is an open access article under the CC BY-NC-ND license. 
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promoting effects. In fact, excessive production of the nitric oxide

by pro-inflammatory cytokines such as tumor necrosis factor-

α (TNF- α), interleukin-1 β (IL-1 β) and interleukin-6 (IL-6) results

in suppression of insulin synthesis, secretion, cytocidal actions

to pancreatic islets, as well as apoptotic and necrotic death of

pancreatic β-cells ( Alexandraki et al., 2008 ). These pathological

cascades can be linked to the development and progression of

serious short-term and long-term complications ( Massaro et al.,

2019 ). It has been reported that intracellular double-stranded (ds)

RNA and extracellular dsRNA secreted by damaged or dying cells

can be bonded to Toll-like receptor 3 (TLR3) and trigger a se-

quential chain of pathological cascades including activation of the

transcription factors such as nuclear factor- κB (NF κB) and inter-

feron regulatory factor 3 (IRF-3), overproduction of cytokines and

chemokines, and subsequently β-cell death ( Eizirik, Colli & Ortis,

2009 ). On the other hand, it has recognized that inflammasomes,

a diverse class of cytosolic protein complexes, play a pivotal role

in the development and progression of T1DM through produc-

tion of mature IL-1 β. Nuclear localization leucine-rich-repeat pro-

tein 1 (NLRP1) and nuclear localization leucine-rich-repeat pro-

tein 3 (NLRP3) inflammasomes can be bonded to the protein

apoptosis-associated speck like protein which, in turn, result in

the mature and the release of pro-IL-1 β in the form of IL-1 β
and subsequently progression of inflammation ( Liu et al., 2017 ).

Currently, many new methods and therapeutic agents have in-

duced to treat degenerative disorders ( Amani et al., 2019 a, 2017 b,

Amani et al., 2018 ; Amani, Kazerooni, Hassanpoor, Akbarzadeh, &

Pazoki-Toroudi, 2019 ; Javedan et al., 2016 ). In recent years, re-

searchers have introduced many new therapeutic agents and meth-

ods to treat diabetes and other diseases ( Amani et al., 2019 b,

2019 d; Javdan et al., 2019 ; Zhao, Jin, Chen, & Han, 2015 ). Herbal

medicines and natural products have been used to prevent or

treat various diseases ( Choudhary et al., 2012 ); Chen, Liao, Qin,

& Li, 2019 ; ( Shamsabadipour et al., 2013 ). Chamomile ( Matricaria

chamomilla L.) is a well-known ancient medicinal herb which be-

longs to the daisy family (Asteraceae/Compositae). Chamomile has

been posed as star among medicinal species that is widely used

for cosmetics and medicinal purposes ( Al-Dabbagh et al., 2019 ;

Srivastava, Shankar & Gupta, 2010 ). In recent years, chamomile

has been used as anti-oxidant, anti-cancer, and anti-inflammatory

agents because it possesses different classes of bioactive ingredi-

ents such as flavonoids and terpenoids ( Al-Dabbagh et al., 2019 ).

Some previous studies have shown that chamomile can contribute

to inhibition of oxidative stress in patients with type 2 diabetes

mellitus and differentiation of mesenchymal stem cells (MSCs) into

insulin-producing cells ( Saghahazrati, Ayatollahi, Kobarfard & Mi-

naei, 2019 ; Zemestani, Rafraf & Asghari-Jafarabadi, 2016 ). Here, we

went on to explore the protective effects of chamomile on strepto-

zotocin (STZ)-induced diabetic rabbits and its potential molecular

mechanisms. 

2. Material and methods 

2.1. Reagents 

Chamomile ( Matricaria chamomilla L.) oil, RIPA buffer, bovine

serum albumin (BSA), Immobilon 

R ©-FL Polyvinylidene Fluoride

(PVDF) membrane were purchased from Sigma (Sigma Aldrich

Chemical Co, USA). NF- κB p65 antibody was obtained from Cell

Signalling Technology, Inc. (CST) (Danvers, Massachusetts). NLRP3

Antibody was purchased from Novus Biologicals Company (Novus

Biologicals, Littleton, Co.). Rabbit Insulin ELISA Kit was obtained

from MyBioSource Company (San Diego, USA). Glucometer elite

and glucometer strips were purchased from Bayer Company (Lev-

erkusen, Germany). 
.2. Animals and ethical statement 

Twenty-five male New Zealand white rabbits with a mean

eight of 2.5 kg were obtained from Razi Institute, Iran. The an-

mals were housed in a controlled room temperature [(22 ± 1)

C], on a 12/12 cycle with humidity of (60 ± 5)% and free ac-

ess to standard chow pellets and water ad libitum. All the ex-

eriments followed the guidelines established by The Institutional

nimal Ethical Committee of Shahid Beheshti University of Medical

ciences, Tehran, Iran. 

.3. Experimental design 

The animals were randomly assigned into three major groups

ith five rabbits in each group: normal control group (Control),

treptozotocin (STZ)-induced diabetic group, and chamomile oil-

reated diabetic group which the animals were treated with differ-

nt doses of chamomile oil (25, 50 and 100 mg/kg). T1DM was in-

uced via a single intraperitoneal injection of STZ (80 mg/kg body

eight −1 ) dissolved in 0.2 mL of normal saline. Chamomile. oil

as orally administrated 1 h after injection of STZ and for 21 con-

ecutive days. At 72 h after intraperitoneal injection of STZ, blood

lucose levels were measured to confirm the diabetes induction

n animals. To this end, a glucometer was used to read the strip

ontaining a drop of blood. Rabbits with blood glucose levels of

20 mg/dL with glycosuria were considered as diabetic and entry

o study. 

.4. Glucose tolerance test (GTT) 

Rabbits were fasted overnight prior to the experiment. Glucose

ith dose of 4 g/kg was orally administrated to all the groups.

lood glucose measurements was performed at 1 h after intraperi-

oneal injection of STZ and 1, 7, 14, and 21days following adminis-

ration of different doses of chamomile oil (25, 50 and 100 mg/kg).

.5. Tissue and serum collection 

To obtain the serum samples, blood samples from all the groups

ere collected and centrifuged at 30 0 0 rpm for 10 min. Then,

erum samples were kept at −80 °C prior to ELISA assay. At the

nd of treatment period, the abdominal regions was opened, pan-

reas tissues were rapidly excised from the body on ice. After

ashing with cold saline solution, the tissues were kept at −80 °C
rior to assessments. All the steps were performed at −4 °C to pre-

ent the destruction of protein. 

.6. Evaluation of serum insulin 

On the 21th day, serum insulin was determined using ELISA kit

ccording to instruction of manufacturers. 

.7. Evaluation of pro-inflammatory cytokines 

At the end of treatment period, the serum levels of pro-

nflammatory cytokines including TNF- α, IL-1 β and IL-10 were de-

ermined using ELISA Kits according to instruction of manufactur-

rs. 

.8. Western blot assay 

First, 100 mg, pancreas tissue was ground in liquid nitro-

en. Then, 1 mL RIPA lysis buffer was added to it and homoge-

ized. In the next step, homogenized solution was centrifuged at

3 0 0 0 rpm for 20 min and the supernatant was separated.

he concentration of protein was obtained using a nanodrop
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pectrophotometer. The loading buffer was added to each lysate

nd boiled for 5 min. To separate protein, 50 μL of resulting

olution was electrophoresed in sodium dodecyl sulfate (SDS)-

olyacrylamide gels and then transferred into the PVDF sheets.

o block non-specific sites, the PVDF sheets were incubated in

SA in 0.1% Tris-buffer saline/Tween 20 overnight. Then, the PVDF

heets firstly were incubated with primary antibodies including

F- κB P65 antibody, NLRP3 antibody and then with appropriate

eroxidase-conjugated secondary antibodies. To visualize reactive

ands, chemiluminescence reagent and Kodak X-OMAT films were

sed. κ-actin was used as an internal control to ensure equal load-

ng. 

.9. Statistical analysis 

All data are expressed as mean ± standard deviation (SD). Prism

oftware, version 5 (CA, USA) was used to analyze data. The nor-

al distribution of all data was determined using Shapiro-Wilk

nd Kolmogorov-Smirnov tests. One-way ANOVA with post hoc test

as used to compare three or more groups. A value of P < 0.05

as accepted to be statistically significant. 

. Results 

.1. Effect of chamomile oil on blood glucose and serum insulin levels 

As shown in Fig. 1 A and B, STZ-induced diabetic rabbits showed

n increased level of blood glucose compared with control group.

ost-treatment with low dose of chamomile oil (25 mg/kg b.w)

id not reduce blood glucose levels. Middle and high doses of

hamomile oil (50 and 100 mg/kg b.w) significantly reduced blood

lucose levels compared with STZ group. The high dose exhibited

igher efficiency compared to middle dose. Serum insulin level was

ound to be reduced in STZ-induced diabetic rabbits when com-

ared to control group. In chamomile oil (100 mg/kg b.w)-treated

iabetic rabbits, significant increased levels of serum insulin were

ound. Similar to blood glucose levels, the low dose of chamomile

il (25 mg/kg b.w) did not increase the insulin levels compared to

TZ group. Furthermore, insulin levels were higher in diabetic rab-
ig. 1. Chamomile oil post-treatment for 21 d significantly reduced blood glucose levels (

ote: For Blood glucose levels: ∗∗∗P < 0. 001 vs control for all days, # P < 0.05 and ## P < 0.
## P < 0.001 vs STZ and STZ + chamomile oil (25 mg/kg) for all days; For serum insulin le

For interpretation of the references to colour in this figure legend, the reader is referred 
its treated by chamomile oil (50 mg/kg) compared to STZ group,

lthough difference did not reach a significant level. The high dose

100 mg/kg b.w) demonstrated stronger efficiency compared to

iddle dose (50 mg/kg b.w). 

.2. Effects of chamomile oil on expression of pro-inflammatory 

ytokines 

Compared to the control group, the STZ group exhibited sig-

ificant increased levels of pro-inflammatory cytokines including

NF- α and IL-1 κ ( Fig. 2 A and B). Post-treatment with low dose of

hamomile oil (25 mg/kg b.w) did not reduce levels of TNF- α and

L-1 κ. In chamomile oil (50 and 100 mg/kg b.w) treated diabetic

abbits, significant decreases in the level of TNF- α and IL-1 β were

ound relative to STZ-induced diabetic rabbits. High tested dose of

hamomile oil (100 mg/kg b.w) demonstrated more efficiency com-

ared to middle tested dose (50 mg/kg b.w). 

Likewise, although the protein expression of IL-10 as an anti-

nflammatory cytokine increased in STZ-induced diabetic rabbits,

ifference did not reach a significant level ( Fig. 2 C). In chamomile

il (50 and 100 mg/kg b.w) treated diabetic rabbits, a significant

levated level of IL-10 level was found relative to STZ-induced dia-

etic rabbits. Low dose of chamomile oil (25 mg/kg) did not change

he expression level of IL-10 compared to STZ-induced diabetic

abbits. There were significant differences between high tested

ose (100 mg/kg b.w) and middle tested dose (50 mg/kg b.w) of

hamomile oil. 

.3. Effects of chamomile oil on expression of NF-kB and NLRP3 

rotein 

To explore possible mechanisms of chamomile oil and obtain

reater insights on its protective effects against T1DM, we evalu-

ted the expression of NF- κB and NLRP3 protein by Western blot

ssay. The STZ-induced diabetic rabbits exhibited the elevated ex-

ression levels of NF- κB and NLRP3 proteins compared to con-

rol group. The expression level of NF- κB and NLRP3 proteins

ere markedly down-regulated in chamomile oil (100 mg/kg b.w)-

reated diabetic rabbits ( Fig. 3 ). 
A) and increased serum insulin levels (B). 

01 vs STZ and STZ + chamomile oil (25 mg/kg) for 14 days and 21 days, respectively; 

vels: ∗∗P < 0. 01 vs control, # P < 0. 05 vs STZ, $ P < 0. 05 and $$ P < 0.01 vs control). 

to the web version of this article.) 
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Fig. 2. Chamomile oil post-treatment for 21 days significantly reduced amount of pro-inflammatory cytokines of TNF- α (A), IL-1 β (C) and increased expression of anti- 

inflammatory cytokines of IL-10 (C) in a dose dependent mechanism. 

Note: For the expression levels of TNF- α: ∗∗P < 0.01 vs control; # P < 0.05 and ## P < 0.01 vs STZ; $ P < 0.05 vs STZ + chamomile oil (25); For the expression levels of IL-1 β: 
∗∗∗P < 0.001 vs control; # P < 0.05 and ## P < 0.01 vs STZ; $$ P < 0.01 and $$$ P < 0.001 vs STZ + chamomile oil (25); For the expression levels of IL-10: # P < 0.05 vs STZ, STZ + 

chamomile oil (25), ## P < 0.01 vs control, STZ, STZ + chamomile oil (25); & P < 0.05 vs STZ + chamomile oil (50). 

Fig. 3. Post-treatment with high tested dose of chamomile oil (100 mg/kg b.w) for 21 d significantly reduced expression levels of NF- κB (A) and NLRP3 (B) proteins in 

chamomile oil-induced diabetic rabbits ( ∗∗∗P < 0. 001 vs control; # P < 0.05 and ## P < 0.01 vs STZ; $ P < 0.05 vs control). 
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. Discussion 

We have examined whether chamomile oil can attenuate the

iabetic complications induced by STZ because the detailed mech-

nisms of the anti-diabetic effects of this herbal medicine is not

vailable. During T1DM, insufficient secretion of insulin results in

ncreased glucose concentration in blood that is associated with

he inhibition of glycogenesis ( Nain, Saini, Sharma, & Nain, 2012 ).

urrent studies have shown that chamomile oil possesses many

harmacological activities including antimicrobial ( Göger, Demirci,

lgın & Demirci, 2018 ), wound healing ( Gad, El-Rahman & Hamdy,

019 ), antioxidant and anticancer ( Al-Dabbagh et al., 2019 ) activ-

ty. Moreover, previous studies have shown that daily consump-

ion of chamomile tea has beneficial effects in patients with type

 diabetes mellitus through the prevention of hyperglycemia ( Kato

t al., 2008 ; Zemestani et al., 2016 ). In agreement with previ-

us reports, findings of this study showed that oral administra-

ion of chamomile oil at 50 and 100 mg/kg concentration signif-

cantly reduced the blood glucose and also increased serum in-

ulin levels in STZ-induced diabetic rabbits relative to control. In-

ammation has been reported to play an important role in T1DM.

iabetes-induced hyperglycemia triggers acute inflammatory re-

ponses and subsequently cell apoptosis ( Chen et al., 2012 ). It has

een reported that level of the inflammatory mediators such as

NF- α and IL-1 β was increased in blood of STZ-induced diabetic

ats ( Chandirasegaran, Elanchezhiyan, Ghosh & Sethupathy, 2017 ).

he binding of TNF- α to its receptor (TNF-R1) promoted the up-

egulation of NF- κB, activation of caspases and subsequently apop-

otic cell death by increasing inducible nitric oxide synthase (iNOS)

nd nitric oxide (NO) free radicals ( Frances, Ingaramo, Ronco &

arnovale, 2013 ). On the other hand, the importance of NLRP3

n the pathogenesis of T1DM has been reported by Hu et al.

hey found that NLRP3 deficiency contributed to protection against

1DM that was attributed to reduced activation of T cell and

he decrease in pathogenic T-cell migration to the islets by sup-

ressing expression of chemokine receptors CCR5 and CXCR3 on T

ells ( Hu et al., 2015 ). To obtain greater insights on protective ef-

ects of chamomile oil, we also examined the expression of pro-

nflammatory cytokines. ELISA studies revealed the fact that in-

reased expression levels of TNF- α and IL-1 β and decreased levels

f IL-10 in diabetic rabbits was reversed by chamomile oil at mid-

le and high tested concentration. In keeping with our finding, a

revious study showed that M. chamomilla extract could contribute

o the improvement of the healing of traumatic oral ulcers in di-

betic rats via suppression of pro-inflammatory cytokines such as

NF- α and apoptotic cell death ( Oliveira et al., 2016 ). To explore

ossible mechanisms which by chamomile oil suppress inflamma-

ion, we examined the expression of NF- κB and NLRP3 proteins.

n agreement with above mentioned studies, our findings showed

hat increased expression of NF- κB and NLRP3 proteins in diabetic

abbits that was reversed by chamomile oil at high tested concen-

ration. 

. Conclusion 

Collectively, our results showed that chamomile oil confers pro-

ection in STZ-induced diabetic rabbits by targeting NF- κB and

LRP3 proteins and pro-inflammatory cytokines. 
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