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Abstract
Background The main goal of diabetes therapy is to control blood glucose levels.
Objectives In this study, the effect of Matricaria chamomilla L. oil as an herbal agent, on therapeutic properties of poly L-lactic
acid-based (PLLA) scaffold loaded with differentiated stem cells, is examined in the diabetic rabbit.
Methods Adiposemesenchymal stem cells (AMSCs) were isolated frommale NewZealandWhite rabbits and after seeding on the
PLLA scaffold differentiated in the pancreatic region. In vivo differentiation of AMSCs toward pancreatic progenitor cells was
evaluated by quantitative analysis of gene expressions and immunohistochemistry. Then, one normal and five diabetic groups
including blank diabetic, scaffold, oil + scaffold, and differentiated cell + scaffold or oil + scaffold were assessed after 21 days of
treatment. After the assessment, the diabetic groups were evaluated by clinical parameters and pancreatic histological sections.
Results It was found that AMSCs were differentiated to insulin-producing cells (IPCs) in the pancreatic environment which then
used for implantation. Blood glucose in the oil + scaffold, cell + scaffold, and oil + cell + scaffold groups showed a significant
decrease after 21 days. In the above mentioned three groups, insulin secretion was increased significantly. Chamomile oil also
caused a significant decrease in High-density lipoprotein (HDL), Low-density lipoprotein (LDL), and total cholesterol levels.
According to histological sections results, in cell + scaffold and oil + cell + scaffold groups, β cells were significantly increased
compared to blank diabetic group.
Conclusions Together these data demonstrated chamomile oil along with in vivo-differentiated stem cell is a promising new
treatment for diabetes.
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Abbreviations
AMSCs Adipose mesenchymal stem cells
MSCs Mesenchymal stem cells
PLLA Poly L-lactic acid
IPCs Insulin-producing cells
HDL High-density lipoprotein
LDL Low-density lipoprotein

STZ Streptozotocin
FTIR Fourier transform infrared
SEM Scanning electron microscopy
ROS Reactive oxygen species
H&E Hematoxylin and Eosin

Introduction

The frequency of diabetes disease has been increased for the
past 3 decades and its outbreak is growing most rapidly in low
and middle-income countries. Diabetes type 2 is the major
type of diabetes worldwide in the prevalence of obesity and
overweight people [32]. Many clinical trials and research pro-
jects have been studied about several treatment strategies for
the safety and successful treatment of this chronic metabolic
disease with highmorbidity andmortality. Recently, stem cell-
based therapy with its advantages and also predicted
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challenges has shown considerable promise for both types of
diabetes [18, 26, 42]. Stem cell therapies can provide an alter-
native approach for tissues and organs repair and regeneration
[36]. These cells can replicate, transform and differentiate into
different cell types [10]. Mesenchymal stem cells (MSCs) are
capable candidates for cell-based treatments [13]. Bone mar-
row and adipose tissue have provided two suitable sources of
MSCs [5]. AMSCs have convenient accessibility and broad
differentiation potential into different cell lines [28]. Due to
their capacity to generate multiple cell lineages, MSCs can be
affected by certain conditions in vivo or in vitro. This can
influence its conversion to cells with specific functions, like
heart muscle cells or insulin-producing cells in the pancreas
[3]. Results of new in vivo research using real-time quantita-
tive polymerase chain reaction (qRT-PCR), Western blotting
and flow cytometric analysis showed that MSC-derived
exosomes recover diabetes mellitus-induced myocardial inju-
ry and fibrosis via inhibition of TGF-beta1/Smad2 signaling
pathway [23]. Regenerative medicine depends heavily on
three-dimensional cultivation techniques on scaffolds [8],
which are supporting structures similar to the cell-matrix
[29]. PLLA and Gelatinous scaffolds are considered as two
of the principal biocompatible and dissoluble polymers used
in tissue engineering [25]. The three-dimensional microenvi-
ronments supplied by these scaffolds like other ones provide a
stable structure for the transplanted cells [14], playing a role
similar to the secretion of extracellular matrix [24, 40]. MSCs
- PLLA scaffold system can be used as cell therapy for treating
chronic diseases such as diabetes.

Traditional medicine is another option to treat some dis-
eases. Diabetes therapy is one of the major areas of traditional
medicine.Matricaria chamomilla L. is a safe plant and is used
in different commercially available forms such as tea, infu-
sion, liquid, and capsules in human nutrition. Chamomile
(Matricaria chamomilla L.) also has some useful properties
like pain therapy, anti-anxiety, oral and dermal wound treat-
ment [12, 33, 41]. It was also reported chamomile improves
diabetes and its complications by decreasing blood sugar
levels, increasing glycogen stores in the liver and red blood
cells contained sorbitol [20]. It seems that the combination of
this agent with cell therapy methods and tissue engineering
can be useful to repair and improve diabetes disease. The
purpose of this investigation was to evaluate the use of stem
cells derived from adipose tissue in the prevention and control
of diabetes using biological scaffold soaked in chamomile oil.

Materials and methods

Animals

In this investigation, 40 male New Zealand White rabbits
(2.0–2.5 kg; Razi Institute, Iran) at postnatal week ten were

used. The Animal Ethics Committee of Shiraz University and
the National Institute of Health Animal Care Guidelines ap-
proved all experimental processes of this project with the code
of 2272329. During the evaluation process, all rabbits were
given food and tap water ad libitum and preserved in a tem-
perature and humidity controlled room on a 12-h light/12-h
dark cycle.

Isolation and characterization of AMSCs

Isolation and culture of AMSCs were the same as in our pre-
vious work [15]. The cell surface antigen profile expression of
AMSCs was characterized using flow cytometry as described
previously [15, 17]. Differentiation ability of extracted
AMSCs to three categories was carried out as previously de-
scribed [4, 15].

Scaffold fabrication and Fourier transform
infrared (FTIR) spectroscopy

Oil extraction fromM. chamomilla L. was performed the same
as our previous report [15]. Scaffold fabrication and FTIR
spectroscopy of PLLA scaffold and PLLA coating with oil
was according to the previous report and surface morphology
of fabricated scaffold was investigated by scanning electron
microscopy (SEM) as previously described [15].

AMSCs seeding into the PLLA
and in vivo-differentiation of AMSC toward pancreatic
progenitor cells

These steps were performed the same as our previous report
[15]. AMSCs with the scaffold was inserted for 21 days in the
caudal of a stomach, between the pancreas and spleen.
Ultrasound image was used for implantation of scaffold as-
sessment. Differentiation confirmation of AMSCs to IPCs
was performed by quantitative analysis of gene expressions
and immunohistochemistry [15].

Diabetic rabbit model preparation

Streptozotocin (STZ) was produced by Sigma (St Louis, MO,
United States). Rabbits were injected intraperitoneally with 80
mg/kg body weight. STZ dissolved in 0.1 M citrate buffer, pH
4.5. Rabbits were weaned after 21 days and maintained on the
normal diet in individual cages throughout the experimental
period.
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Experimental group’s classification

36 male rabbits were randomly classified into 6 groups; a
standard and 5 diabetic groups. Diabetic groups contained
diabetic (blank), scaffold, oil + scaffold, cell + scaffold, and
cell + oil + scaffold. All experimental groups were assessed
after 21 days of treatment and then evaluated by clinical
parameters.

Clinical parameters assessment and Haematoxylin
and Eosin (H&E) staining of islets of langerhans

Serum glucose, LDL, HDL, and total cholesterol were mea-
sured by the colorimetric method (Auto analyzer, Hitachi 912,
Japan) and insulin by chemiluminescence (Liaison, Italy) kit
as per the manufacturer’s instructions. After rabbit scarifica-
tion, islets of Langerhans were evaluated with the H&E stain-
ing of pancreatic histological sections [16].

Statistical analyses

This study was basic research of stem cell and animal study in
regenerative medicine. Statistical analyses were performed
using SPSS 16.0. Statistical significance was measured by
using one -way analyses of variance and Tukey’s multiple
comparison tests. A confidence level of 95% (P ≤ 0.05) was

well-thought-out statistically noteworthy. All data are offered
as the mean value ± SD in 40 rabbits.

Results

Culture characteristics

Two days after primary cultivation, spindle-shaped adherent
cells were detected. Cells showed fibroblast-like homogenous
morphology and expanded rapidly in 5–6 days. As the same as
our previous report [15], AMSCs were positive for the MSCs
markers (94% and 95% for CD44 and Cd45 respectively) and
negative for hematopoietic markers according to flow cyto-
metric results. These cells had also differentiation ability to 3
lines of cells contained adipogenic, osteogenic and
chondrogenic line after 21 days of differentiation.

Morphological structures of PLLA scaffold

The SEM images demonstrate the electrospun PLLA
and highly porous fiber and an ECM-like structure of
scaffolds [15].

In vivo differentiation of AMSC on PLLA ± Oil to IPCs

Ultrasound image showed that scaffold coated oil loaded by
AMSCs near the pancreatic region in caudal of the stomach,
between spleen and pancreas as a mass with hetero
echogenicity [15]. Quantitative analysis of gene expressions
and immunohistochemistry results confirmed the differentia-
tion [15].

Table 1 Blood glucose levels before and after STZ injection

Time of Measuring Average Glucose Level (mg/cc)

Before STZ injection 93

72 h after STZ injection 248

10 days after STZ injection 303

Fig. 1 Blood glucose levels at 0, 3, 10, and 21 days after treatment of
diabetic rabbit model in experimental groups. The b, c, d & f show the
significant difference between the groups with each other at the same time

point. The A and a: the significant difference in the same group at a
different time point (P ≤ 0.05)
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Confirmation of diabetic model after STZ injection

As shown in Table 1, blood glucose was increased after STZ
injection, after 72 h and 10 days. These results indicate that
STZ treatment induces a diabetic state in this rabbit model.

Clinical parameters after different scaffold
implantations

Blood glucose in oil + cells + scaffold, oil scaffold, and cell +
scaffold groups showed significantly (P ≤ 0.05) lower levels
of blood glucose compared to STZ and scaffold groups (Fig.
1). As shown in Fig. 2, treatment with oil or cell + scaffold and
cell + oil + scaffold increased insulin secretion significantly

(P ≤ 0.05), while serum insulin level increase in cell + oil +
scaffold group was more than in and oil or cell + scaffold
groups. Diabetic and scaffold had the lowest level of insulin
secretion compared to all experimental groups.

Oil + cell + scaffold rabbit group showed significantly (P ≤
0.05) lower levels of HDL, LDL, and total cholesterol com-
pared to cells with a scaffold (Fig. 3).

Evaluation of pancreatic histological sections

Pancreatic histological sections results showed that in cell +
scaffold and oil + cell + scaffold groups, α cells were signifi-
cantly (P ≤ 0.05) decreased and β cells increased compared to
blank diabetic group (Figs. 4 and 5).

Fig. 2 Serum insulin levels after
treatment of diabetic rabbit model
in experimental groups. a-d are
averages of insulin levels which
are significantly different from
each other (P ≤ 0.05)

Fig. 3 Cholesterol, LDL, and
HDL levels at 21 days after
treatment of diabetic rabbit model
in experimental groups (P ≤ 0.05)
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Discussion

Originally, the focus of clinical translation for AMSCs was on
their capacity to differentiate into multiple lineages of

attention to the field of regenerative medicine, particularly
for regenerating cartilage and bone defects [28]. AMSCs can
differentiate to IPCs that expressed Ngn3 and Pdx1 by MiR-
375 and Anti-MiR-9. Gabr et al. (2015) used nicotine amid

Fig. 4 H& E ∗ 540 stainings of a
histological section of islets of
Langerhans (⋅ 400). A&B) cell +
scaffold group, C & D) cell +
oil + scaffold group (Black arrow
indicates blood vessel, yellow
arrow α cells, and blue arrow β
cells), E) Normal islets of
Langerhans, F) diabetic group,
white arrow indicates necrotic
cells and black arrow indicates
inflammatory cells
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and glucagon-like peptide 1 to differentiate MSCs to IPCs [5,
19, 34]. Allahverdi et al. [2] found that lentiviral vectors could
deliver the PDX1 gene to MSCs and induce pancreatic differ-
entiation [2]. In the present study, a novel differentiation pro-
tocol was used to produce IPCs without any growth factor and
genetic manipulation as the same in our previous study [15].
Orthotropic transplantation in the same anatomical region of
an organ is the best tool in organ graft [37]. In the anatomical
region, the microenvironment of the cells and the paracrine
secretion help to maintain cell behavior similar to cells present
in healthy tissue [35]. On the other hand, the mimic of cells
helps to proliferation and differentiation of cells by a natural
signaling pathway manner. However, consider the

microenvironment, type and be autologous of transplanted
cells is very effective in this process [22]. Yamamoto et al.
[39] used the spleen microenvironment to differentiate embry-
onic stem cells to hepatocytes [39]. One of the strategies in
tissue engineering is the modification of the surface coating of
the scaffolds by diverse biomaterials [40]. PLLA was well
examined in the literature due to several of their physical,
chemical, morphological, thermal and physical confidants
[25]. PLLA coated by M. chamomilla L. oil, and their blends
did not have any side effect on scaffold bioactivity or antige-
nici ty [6 , 11] . Chamomile ethanol ic extract has
antihyperglycemic and antioxidative activities in the diabetic
rat model [7]. Also, Kato et al. [20] determined the effects of

Fig. 5 Evaluation of α and β
cells population in examined
groups. Results are presented as
mean (a-d) ± SD. *P < 0.05 was
considered a significant
difference as compared to control
(blank diabetic group). Cell
population 25% (score 1), 25–
50% (score 2), 50–75% (score 3),
75–100% (score 4)
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chamomile oil on reducing blood sugar and preventing dia-
betic complications [20]. In diabetic patients, hyperglycemia
is considered as a.

Reactive oxygen species (ROS) elevator and antioxidant
defense capacity depressor, through several ways such as gly-
colytic pathway. Chamomile oil with reducing blood sugar
leads to decrease ROS and makes a balance between ROS
and antioxidant capacity. Chamomile oil increases glycogen
synthesis and sorbitol synthesis inhibition causes to decrease
blood sugar [7]. Several types of research focused on diabetes
treatment by herbal drugs such as Ale or [38], Cinnamon [21],
Ginger [1]. According to one study, garlic extract contained
antioxidant substances, capable of increasing insulin secretion
and decreasing blood sugar [27]. In the present study, blood
sugar decreased in scaffold + oil, scaffold + cell, and scaf-
fold + cell + oil after 21 days. Interestingly, this decrease had
a significant difference in cell + scaffold and cell + scaffold +
oil compared to other groups. It may be because of the un-
known growth factor and cytokines by differentiated cells
loaded on the scaffold. These factors lead to cell migration
in injured sites and improve recovery duration. Cheng et al.,
[9]showed MSCs co-cultured with damaged pancreatic cells
can repair beta cells and effect insulin-secreting cells [9].
MSCs, secrete insulin-like growth factor 1 factor after co-
culturing with damaged pancreatic cells. MSCs also activated
the PI3K pathway that makes a cascade of molecules in vivo,
and thus acts on muscle, fat, and liver. This pathway increases
the uptake of glucose into the cells, glycogen synthesis, lipo-
genesis and decreases gluconeogenesis leading to a reduction
of blood sugar levels [9]. Since, hyperglycemia associated
with fat and vice versa, therefore, serum cholesterol, HDL
and LDL of the diabetic rabbit model was evaluated. It was
found that the amount of cholesterol and LDL in the cell +
scaffold + oil significantly decreased compared to the cell +
scaffold. Although the ratio of HDL levels in cell + scaffold +
oil group was significantly lower than scaffold + cell groups,
the LDL / HDL ratio which is considered a biomarker was
already 2.5 and 4 in the cell + scaffold and cell + scaffold + oil,
respectively. These results were following Saeb et al., research
on the effect of pistachio oil on serum lipid rabbit, normal
cholesterol 28 mg / dl and LDL 28 mg/dl reported [31]. In
agreement with Saghahazrati et al. (2019), about the protec-
tive effects of cultured MSCs onto an electrospun PLLA scaf-
fold coated with Matricaria chamomilla L. Oil, the results of
our study showed that the Matricaria chamomilla L. Oil might
improve survival and differentiation MSCs and serum insulin
level. Also, a clinical trial study has been shown that
Chamomile might have valuable effects on serum lipid profile
and glycemic control in patients with type 2 diabetes mellitus
[30]. In our investigation, it has been found an increase in
insulin secretion with a lower level of HDL, LDL, and cho-
lesterol comparedwith a diabetic condition. So, chamomile oil
along with in vivo-differentiated stem cells has great potential

for use to the treatment of diabetes although further genomics,
proteomics, and metabolomics studies are needed and
ongoing.

Conclusions

Taken together, M. chamomilla L. oil could affect the adhe-
sion of cells to the scaffold and along with the cells decrease
blood sugar and increase blood insulin in the rabbit. It is rec-
ommended that the effectiveness of chamomile oil + cell +
scaffold and molecular pathways activated by these materials
will be considered in future trends. More extensive studies are
suggested to be carried out in this direction soon including the
synergistic effect of stem cell and herbal therapy in humans
and also the molecular mechanisms underlying their therapeu-
tic effects in diabetes.
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