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Abstract

Background: Diabetes mellitus (DM) has a broad spectrum of complications and comorbidities. Delayed wound healing is a major
reason for infections and further life-threatening complications; the process of vascularization and tissue regeneration as well as
anti-inflammatory and anti-oxidant reactions of the body are impaired in DM. Matricaria Chamomilla (MC) is a herbal medicine
which has antimicrobial, antioxidant and wound healing potentials.
Objectives: In this study, these potentials are evaluated on full thickness diabetic excisional skin wounds by using stereological
methods.
Methods: In this experimental study, 48 male Wistar rats with streptozotocin (STZ)-induced diabetes (50 mg/kg intraperitoneally)
were divided into 4 groups (n = 12) randomly: MC 5% gel treated, MC 10% gel treated, gel-base treated group, and the control group
receiving no treatment. After creating 1 cm2 wounds, rats were treated every 24 hours for 15 days. Volume densities of collagens,
wound closure rate, volume density, length density, and mean diameter of vessels, and fibroblast proliferation, were examined and
analyzed. P ≤ 0.05 was mentioned as statistically significant.
Results: MC gels receiving groups showed hastened wound area reduction in contrast with gel-base and control groups (P < 0.05).
Numerical density of fibroblasts, mean diameter and length densities of the vessels in MC groups were significantly higher than the
control and the base groups (P < 0.05).
Conclusions: It is demonstrated that MC has the ability to improve wound healing by enhancing fibroblast proliferation and re-
vascularization in diabetic skin injuries and has the potential to be considered as an alternative treatment.
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1. Background

Diabetes mellitus (DM), its treatments and complica-
tions, are of the major concerns of today’s medicine and
medical research. Among the complications and dysfunc-
tions caused by DM, impaired healing of skin injuries and
wounds are of great importance (1-3). Wound healing is
a biochemical process which leads to tissue regeneration
and epithelization via activation and migration of fibrob-
lasts, collagen and vessel production, and reformation of
the injured tissue layers; these steps occur along with in-
flammatory and oxidative responses of the injured tissue
(1, 3-7). All these steps and responses are significantly dis-
rupted in DM (8); thus, skin wounds in diabetic individu-

als may cause certain problems such as limb amputation,
organ malfunctions, cosmetic impairment, sepsis and in-
fection, and even death (9, 10).

Beside the modern treatments of the diabetic wounds,
traditional and herbal medicines are suggested by recent
investigations because of their fewer reported side effects
as well as diverse therapeutic potential (9, 10). Moreover,
in many cultures, traditional therapies are accepted even
more than the modern biochemical agents (11, 12). Ma-
tricaria Chamomilla (MC) is a herbal medicine, from the
Asteraceae/Compositae family, with different substances
which are effective on the parameters involved in wound
healing such as inflammation, infection, ulceration, and
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pain (13-20).

2. Objectives

The objective of this study is to determine the healing
effect of MC on excisional skin wounds in diabetic rats by
using stereological methods.

3. Methods

3.1. Extract and Gel Preparation

MC plant was provided from the Medipress™ Herbar-
ium of Shiraz University of Medical Sciences, Shiraz, Iran
(Code: 3103). All plant organs were used as the herbal ma-
terial for making the extract. We dried the material at room
temperature for 6 - 8 days and then it was ground into pow-
der. Thereafter, the powder was extracted with a mixture
of ethanol: water (1:1, v/v) for 72 hours. The obtained prod-
uct was then filtered and then evaporated to make hydro-
alcoholic extract (yield: 23.35%). To ease the application of
the medicine, we provided two concentrations of 5% and
10% MC gels by dissolving 5 cc (MC 5%) and 10 cc (MC 10%)
of the herbal extract in 2 cc distilled water, respectively,
and then we transferred the solution into carboxy-methyl-
cellulose with 2% concentration (CMC; 2g CMC dissolved in
98 cc distilled water). The gel-base itself was also supplied
by producing 2% CMC gel but without the MC component.
The dosage of MC was chosen according to a pilot study on
different doses of the extract including 2%, 5%, 10%, and 20%.

3.2. Animals and Creating the Wounds

In an experimental study, 48 male Wistar rats (200 ±
20 g; 2 to 3 months old) kept in standard condition, regu-
lar cages, sufficient food and water ad libitum, were ran-
domly divided into 4 identical groups (n = 12) including:
control group receiving no treatment, gel-base group, MC
5% (E1) and MC 10% (E2) treated groups. By administration
of 50 mg per kg body weight streptozotocin (STZ; Sigma
Aldrich™, Germany) intraperitoneally (IP), diabetes was in-
duced on day 0, according to previously used method (21).
The blood sugar (BS) was determined by using a glucome-
ter (GM101, Bionime Rightest™, Dali city, Taiwan) and the BS
higher than 250 mg/dl was considered as a diabetic rat. On
day 0, one 1 cm2 circular excisional full-thickness wound
was created on the posterior surface of each rat’s neck un-
der general anesthesia induced with ether inhalation. The
last day of the study was set according to the prior pilot
study (day 15 here). The animals were euthanized after 15
days by inhaling a high dose of ether and full-thickness
skin samples (1 × 1 cm2) were obtained from the epithe-
lialized wound site. The samples were fixed in buffered

formaldehyde (pH = 7.2; Merk™, Germany) for stereologi-
cal analyses.

The protocol of the study and the animal treatment
guidelines were approved by the Medical Ethics Commit-
tee of Shiraz University of Medical Sciences, Shiraz, Iran.

3.3. Stereological Study

Every three days, a digital photograph was captured
from the wound surface with a digital camera to estimate
the wound closure rate. A ruler was set beside the wound
site in each photograph for calibration of the magnifica-
tion on the computer monitor. The closure rate was esti-
mated by using the “point grid” method (9), using the fol-
lowing formula:

Woundclosurerate (%) =
Areaatvisit1 − Areaateachvisit

Areaatvisit1
× 100

A full-thickness circular sample with 1 cm diameter was
removed from the wound site. Nine random pieces of 1
mm2 from each skin sample were obtained by using a sys-
tematic random sampling method, and were embedded in
a paraffin block. Isotropic uniformly random sections of
the cylindrical blocks with thicknesses of 5 and 15µm were
prepared and were stained with hematoxylin and eosin (H
& E). Volume densities of hair follicles, collagen bundles,
and vessels, were determined by using “point counting”
method described by a previous study performed in our
center (21). The population of fibroblasts, mean diameter
and length density of the vessels, were also measured (21).

3.4. Statistical Analysis of the Data

Data were exhibited as mean ± standard deviation
(mean ± SD). The SPSS statistical software (IBM™, version
19.0) was used to carry out the comparisons between the
study groups. The analyses were done by using Kruskal
Wallis plus Mann-Whitney U tests. Furthermore, P-value
equal or lower than 0.05 was considered as statistically
considerable.

4. Results

The mean initial wound area in all four groups was
103.31 ± 4.76 mm2 with no significant contrast among
the groups. Wound closure rates of E1 (5.96%/day) and E2
(6.14%/day) groups were noticeably higher than the control
group (3.61%/day), P = 0.014 and P = 0.011, respectively, and
gel-base treated group (4.13%/day), P = 0.027 and P = 0.019,
respectively (Figure 1)

Fibroblasts’ numerical density (Nv) revealing the pop-
ulation of the fibroblasts in the dermis of MC-treated
groups were significantly higher in contrast with the con-
trol and gel-base groups (P < 0.05). As it is shown in Table 1,
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Figure 1. The effect of MC on the wound closure rate in rats of the control group, gel base treated, MC 5% and MC 10% gels treated groups. Each point exhibits mean ± SD of
the twelve wounds. The “a” letter demonstrates considerable difference for the MC 5% and 10% -treated rats compared to the control group and the base group (P < 0.05).

numerical density of fibroblasts in MC-treated groups, E1
and E2, were reported to be by 99% (P = 0.001) and 106%
(P < 0.001) higher than the control group and by 84% (P =
0.003) and 90% (P = 0.001) higher than the gel-base treated
group, respectively. Length densities of vessels in the der-
mis in both E1 and E2 groups were significantly higher in
comparison to gel-base group (P = 0.004 and P = 0.009, re-
spectively) and the control group (P = 0.009 and P = 0.012,
respectively). Mean diameter of the vessels in E1 and E2
groups were also higher in comparison to gel-base group
(P = 0.003 and P = 0.005, respectively) and the control
group (P = 0.001 and P = 0.002, respectively).

However, the volume densities of the vessels and colla-
gens in the dermis of MC-treated rats depicted no consider-
able differences with the gel-base treated rats and the con-
trols (Table 1).

5. Discussion

DM is one of the disorders that affect the normal
wound healing process by impairing the function of fi-
broblasts, growth and biochemical factors, remodeling
processes, and many other parameters which are involved
in tissue regeneration (22, 23). Thus, finding therapeutic
agents which have the ability of improving the healing pro-
cess by either improving the regeneration process through

fibroblast stimulation, collagen bundle synthesis and vas-
cularization, or resorting the biochemical functions, trans-
missions, inflammatory, and oxidative responses, has al-
ways been a concern in medical researches.

Earlier experiments support the idea that specific
herbal medicines are promising agents for wound heal-
ing based on their effective potentials such as anti-
inflammatory and anti-oxidative activities, anti-microbial,
and growth stimulatory impacts, as well as absence of un-
wanted side effects and availability (24). Results of previ-
ous studies showed that MC contains chamazulene, alpha
bisabolol, bisabolol oxides, spiroethers, and flavenoids
which have anti-inflammatory, antibacterial, and antifun-
gal properties (11). Previous evaluations of wound heal-
ing effects of chamomile on ulcers of non-diabetic rats ex-
hibited noticeable efficacy compared with topical corticos-
teroids (25). In a study conducted by Nayak et al. the ef-
fects of oral administration of chamomile flower extract in
drinking water was evaluated. They noted that chamomile
reduced wound size and inflammation, and also increased
re-epithelialization, number of fibroblasts and collagen
turnover (26). In addition, Jarrahi showed that topical ad-
ministration of chamomile accelerated the healing pro-
cess of burn wounds in rats (13). Duarte et al. revealed
that chamomile stimulated re-epithelialization, fibroblast
function, and the formation of collagen fibers after 10 days
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Table 1. The Fibroblasts’ Numerical Density (× 103 Per mm3), Volume Density of Vessels (Vvvessel/dermis ; %), Volume Density of Collagen Bundles (Vvcollagen/dermis ; %), Mean Diam-
eter (µm) and Length Density (mm/mm3) of Vessels in the Dermis of the MC 5% (E1) and 10% (E2) Gels Treated, Gel-Base Treated, and Control Rats Which Had No Treatment

Groups
Fibroblasts Collagen Vessels

Numerical Density Volume Density, % Volume Density, % Length Density Mean Diameter

Control 184.52 (32.65) 47 (5) 1.02 (0.57) 25.46 (3.12) 10.63 (1.17)

E1 368.62 (47.77)a 52 (19) 1.11 (1.01) 40.29 (16.96)a 27.14 (6.85)a

E2 380.45 (18.51)a 51 (15) 1.40 (2.07) 31.66 (11.06)a 20.66 (8.26)a

Gel-base 200.22 (50.20) 49 (7) 1.21 (0.6) 17.16 (7.26) 11.25 (2.05)

a P < 0.05, vs. control group and/or gel-base group.

of treatment (27). Rezaie et al. compared topical MC with
zinc oxide on experimental skin wounds in rats and re-
ported that topical MC at the dose of 10% has superior heal-
ing potentials compared to zinc oxide (12). The results of
present study showed that MC has promising effects on di-
abetic skin wounds regarding stereological parameters in-
cluding wound closure, fibroblast population, and revas-
cularization.

As a limitation of this study, the induction of diabetes
by STZ might not be effective and some rats would not de-
velop diabetes after one injection. Thus, we had to replace
them. Moreover, some would die due to various reasons
such as dehydration after developing diabetes. These were
replaced as well if the death had occurred in the first three
days of the study.

5.1. Conclusions

Being able to be introduced as a main or alternative
treatment for diabetic wounds, further studies, particu-
larly clinical trials, are still required to determine the effi-
cacy as well as possible adverse effects of MC. However, the
findings of this stereological study revealed that MC has
the ability to improve the wound healing process in dia-
betic rats by increasing the fibroblast numbers and vascu-
larization of the damaged tissue.
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