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ABSTRACT
Fibroblasts are the major cell types found in the granulation of wound tissue and play a key role in wound healing.
In this study we examined the effects of the sequential root extracts of Alkanna frigida on the stimulation of the
growth of fibroblasts as an aspect of promotion of wound healing by an in vitro study on Embryonic Swiss Mouse
Fibroblast (3T3) Cells. Results showed that all the tested extracts were able to increase proliferation of 3t3 cells. Nhexan and chloroform extracts had the most effect on fibroblast proliferation.
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INTRODUCTION
Wound healing is a complex, sequential cascade of
biological process involving a variety of different cells,
proteins, chemo attractants, proteases and growth
factors. It follows a closely regulated process
including the activation and proliferation of
fibroblastic cells [1].
Fibroblasts are the main cell types involved in the
regulation of angiogenesis that occurs during wound
healing process [2, 3]. A specialized fibroblast type,
involved in wound contraction, is the myofibroblast.
These cells play an important role in wound
contraction, whereby the wound size is reduced to
limit water vapor loss and the entrance of foreign
material, as well as reduce the amount of
extracellular tissue that needs to be synthesized to fill
the wound [4, 7]. It has been demonstrated that
increasing the number of fibroblasts in an artificial
dermal substitute leads to improved healing in
experimental wounds [8].
Alkanna frigida Boiss, a shrub which grows wild in
high and frigid mountains in the northern and
western areas of Iran, is one of the five species of the

genus Alkanna (Boraginaceae) which are indigenous
to Iran [9,11]. In the rural parts of Tabriz (Azerbaijan
Sharghi Province, Iran), its roots are considered useful
in wound healing and burns.
The roots of Alkanna tinctoria, European species of
Alkanna, have been well-known for wound healing
effects [12, 13]. In addition, its root extract shows
several pharmacological actions such as antiinflammatory, antibacterial, antifungal, radical
scavenging [14, 15] and antioxidant [16] effects which
can accelerate the wound healing process.
The aim of the present study was to assay the effects
of the sequential root extracts of A. frigida on the
stimulation of the growth of fibroblasts as an aspect
of promotion of wound healing by an in vitro study on
Embryonic Swiss Mouse Fibroblast (3T3) Cells.

MATERIAL AND METHODS
Plant materials
A. frigida (root parts) was collected in July 2011 from
the north of Iran, Mazandaran province, Road to
Azadbar, ca. 2800m and identified by Dr. A.
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Yazdinezhad. Voucher specimen was deposited at
The Faculty of Pharmacy Herbarium (ZUMS), Zanjan
University of Medical Sciences, Zanjan, Iran (accession
No.1027)
Total extraction
Root parts of the plant were dried, powdered (100g)
and macerated with an 80% methanol solution for 3
days with three changes of solution. The resulting
extract was filtered and evaporated under vacuum
into a dried powder extract (12.3g, 12.3%).
Sequential extracts
Different extracts were sequentially prepared using
500g dried and powdered root parts of the plant with
increasingly polar solvents: n-hexane (5.7g dry weight
corresponding to 1.1 %), chloroform (3.7g dry weight
corresponding to 0.7 %), ethyl acetate (2.1g dry
weight corresponding to 0.4 %) and 80% methanol
solution (1.2g dry weight corresponding to 0.2 %).
Cell culture
3t3 cells obtained from National Cell Bank of Iran
(NCBI), Pasteur Institute of Iran, Tehran, Iran, were
kept at 37°C in a humidified atmosphere containing
5% CO2. The culture medium consisted of DMEM
(PAN-Austria), supplemented with 10% of fetal calf
serum (FCS; Gibco, USA), 100U/ml penicillin (Gibco,
USA) and 100µg/ml streptomycin (Gibco, USA).
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Cell proliferation-MTT assay
3t3 cells were seeded in 96-well sterile microtitre
plates at a density of 1×104 cells/well containing
200µl of the growth medium. After 24h, the culture
medium was removed and the cells were exposed to
serial dilutions (0.05, 0.1, 0.5, 1.0, 5.0, 10 and 50
µg/ml of each extract in a fresh medium supplement
with 10%FCS).
Each group was arranged in three duplicates and
untreated cells were used as controls. After 72 h, the
3-(4,
5
dimethyl
thiazol-2yl)-2,
5diphenyltetrazoliumbromide (MTT) method was
carried out to evaluate cell proliferation. MTT was
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dissolved in PBS (phosphate buffered saline) at a
concentration of 5.0 mg/ml. 50µl of MTT solution was
added to each well of the culture plate and incubated
at 37°C for 4h. Supernatant was then removed
carefully without disturbing the dark blue from azon
crystals. DMSO 100µl was added to each well and
mixed thoroughly to ensure that all crystals were
dissolved. The optic-metric density (OD) was read on
ELISA microplate reader at test wavelength of 570 nm
and referent wavelength of 630nm.
Statistical analysis
Results were presented as the mean value and
standard error of the mean. Statistical analysis was
performed using the ANOVA test. Significance was
accepted at p<0.05.

RESULTS
The present study evaluated the 3t3 cells growth
stimulation effect of different extracts of root parts of
A. frigida in vitro at doses of 0.05, 0.1, 0.5, 1.0, 5.0,
10.0 and 50.0 µg/ml using MTT assay.
Results are shown in Fig. 1 and are given as sample
absorbance/control
absorbance
versus
concentrations (µg/ml). Those with sample
absorbance/control absorbance values higher than 1
were accepted to have growth stimulant activity.
The results showed that n-hexan and chloroform
extracts increased proliferation of 3t3 cells at
concentrations of 0.5 and 0.1µg/ml (Fig.1). Et/OAc
and total extracts showed in vitro 3t3 cells
stimulatory effect at 0.1µg/ml (Fig.1). The 80%
Methanol extract had no obvious stimulatory effect
(Fig.1).
All five extracts had cytotoxicity effect at
concentrations more than 5µg/ml. Et/OAc and total
extracts showed cytotoxicity at 1µg/ml concentration.
80% Methanol extract had the least cytotoxicity at 50
and 10 µg/ml concentrations (Fig.1).

DISCUSSION
Fibroblasts are the major cell type found in the
granulation of wound tissue and play a key role in
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wound healing [3, 17 and 18]. Fibroblasts are
responsible for the secretion of a series of growth
factors, i.e. VEGF, interleukin and TGF-β to promote
wound healing events including angiogenesis, cell
proliferation and matrix deposition [19].
There are a lot of studies on wound healing effect of
root
extracts
of
some
Boraginaceae
species.Papageorgiou has studied the wound healing
effect of an n-hexane extract of Alkanna tinctoria
roots in a clinical study on 72 patients with ulcus cruis
and has reported that the fraction containing esteric
pigments showed excellent wound healing properties
[12]. The ether extract of Boraginaceae species,
Lithospermum erythrorhizon roots and Macrotomia

euchroma roots have an accelerative effect on
proliferation of granulation tissue in rats [14].
Furthermore, Lithospermum erythrorhizon root
extract is useful for wound healing in diabetic mice
[20].Ogurtan et al. have reported that an olive oil
extract of Alkanna tinctoria showed wound healing
effect on partial thickness and olive oil burn wounds
in rabbits [13].
Senel et al. showed that antioxidant compounds
improve healing in ischemic skin wounds [21]. Radical
scavengering and antioxidant activities of some
Alkanna species suggest that Alkanna frigida root
extracts may also possess antioxidant activity which
can enhance wound healing [15, 16, and 22].
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Figure 1. Effect of n-hexane, Chloroform, Ethyl acetate, 80% Methanol solution and total root extracts of A.
frigida on the growth of Embryonic Swiss Mouse Fibroblast Cells using MTT assay (p<0.05).
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CONCLUSION
The observed results of this study suggest that the
accelerative effect induced by the total extract might
be due to an additive effect of n-hexan and
chloroform root extracts compounds of Alkanna
frigida. The conclusions support scientific basis for the
utilization of the plant in Iranian folk medicine for the
treatment of a variety of wound conditions.
Discussion, speculation and detailed interpretation of
data should not be included in the results but should
be put into the discussion section. The Discussion
should interpret the findings in view of the results

obtained in this and in past studies on this topic. State
the conclusions in a few sentences at the end of the
paper. The Results and Discussion sections can
include subheadings, and when appropriate, both
sections can be combined.
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