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Abstract: Introduction: Wound healing processes are dependent on the severity of the trauma, invasion of opportunistic
microorganisms, and inflammatory, immunological, and metabolic responses. We tried to show the ability of
algae to inhibit wound infection, which can lead to proper wound healing. Methods: Eighty rats were housed
according to laboratory animal care protocols and divided into four groups at each operating time. Group I
consisted of the non-treated animals. Group II was treated with 25% zinc oxide as a choice treatment. In the
treated groups 3 and 4, an equal ratio of Gracilaria Corticata and Scenedesmus acuminate marine algae (mixed
algae) was applied as 3% and 7% ointment pomade. Percentage of wound closure, number of bacteria in the
wound surface, angiogenesis (Vascular endothelial growth factor; VEGF), the number of macrophages, collagen
production level and transforming growth factor-beta (TGF ), epithelialization, and fibrosis were evaluated. Re-
sults: Applying mixed algae extract 7% and zinc oxide 25% could result in a mild improvement in wound closure
(df: 9, 48; F=5.97; p<0.0001). In addition, mixed algae 3%, mixed algae 7% and zinc oxide could reduce the rate of
bacterial growth compared to non-treated animals (df: 3, 16; F=5.74; p=0.0007). However, these improvements
do not seem to be clinically significant. Induction of angiogenesis, increase in macrophage infiltration rate, and
expression of TGFf are possible underlying mechanisms of mixed algae in accelerating wound healing process.
Conclusion: The result showed that the administration of 3% and 7% mixed algae could mildly accelerate the
wound healing process in a rat model of pelleted skin wound. However, it seems that its effect is not clinically
significant compared to non-treated and zinc oxide treated animals.
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1. Introduction wound is important. Wound healing processes are depen-
dent on the severity of the trauma, invasion of opportunis-
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tions is a harmful consequence. Various types of antibiotics

more resistance against the routine antibiotics (3). Staphylo-
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coccus aureus is a pathogenic bacterium that can infect the
wound. The methicillin-resistant form of Staphylococcus au-
reus can lead to treatment failure. The formation of biofilm
is a factor that reduces antibiotic penetration (4).
Investigation of various traditional plant extracts has demon-
strated their healing ability for skin wounds. These pharma-
ceutical extracts promote wound healing by inducing epithe-
lial cell and fibroblast proliferation, leukocyte migration, and
cell differentiation and have additional advantages, such as
antimicrobial activity against the infection (5). The use of
medicinal plant extract remedies to promote effective wound
healing develops every day.

Many years before, investigators found that plant extracts
have antimicrobial and wound healing properties, which
may be used as an efficient, safe, and economic wound
healing medicine to heal infected injuries. Scenedesmus
acuminatus, a colonial green alga, is usually seen floating
on the river. Unlike colonial green algae, Scenedesmus
makes only four-cell chains. The ends of the colony pos-
sess small oil vacuoles, which enable them to float in the wa-
ter. Scenedesmus acuminatus contains many antioxidants,
including glutathione (GSH), tocopherols, flavonoids, ascor-
bate, and polyphenols. Moreover, it also has many antiox-
idant enzymes, including glutathione reductase (GR), glu-
tathione S transferase (GST), superoxide dismutase (SOD),
ascorbate peroxidase (APX), and peroxidase (6). Some pre-
vious studies demonstrated that the fatty acid methyl es-
ters (FAME) or pigment extract obtained from Scenedesmus
exhibit anti-staphylococcus aureus and antifungal activity.
These fatty acids from Scenedesmus can break the protective
mechanisms of bacteria against antibiotics (7).

A bio-content analysis of the Gracilaria corticata revealed
that tannins were the most abundant compounds. The cyto-
toxic results showed that this algae species could inhibit the
growth of human colorectal adenocarcinoma cell line. Thus,
this marine red algae could be a reservoir of antitumor food
additives for cancer prevention (8). Algal extracts can be ex-
cellent wound dressings because of their excellent biocom-
patibility and biodegradability. They help in the healing pro-
cess with two properties. They can cover the wound to pre-
vent drying and infection. In addition, they can act as a ve-
hicle for delivering various drugs to the wound site. Marine
algae could operate as biochemical and organic antioxidants
9).

The ethyl acetate extract of Gracilaria corticata has an in-
hibitory activity on acetylcholinesterase in zebrafish (10).
Some studies proved that alginates could treat gastritis and
gastric ulcers (11). The evaluation of algae as an antibiotic is
undertaken in past years (12). This antibacterial, antioxidant,
and phenolic activity is reported in the Scenedesmus quadri-
cauda (13, 14). However, the results are scarce and contra-
dicting (15). Therefore, we tried to investigate the ability of

algae to inhibition wound infection, which can lead to proper
healing of skin injuries.

2. Methods
2.1. Preparation of the Algae extract

Gracilaria corticata and Scenedesmus acaminatus platensis
were extracted from the Persian Gulf at 50-100 cm depth. Af-
ter washing the algae to remove epiphytes and pollution, we
dehydrated them with tissue paper and took them out to dry
in the sun. We milled dried specimens with a pulverizer and
produced the alcoholic extract using the soxhlet machine. A
vacuum distiller evaporated the juices to remove the solvent.
Then we preserved them in the refrigerator at 4°C. We mixed
the extracts of Gracilaria corticata and Scenedesmus acam-
inatus platensis equally and used them in pharmacological
investigations (9).

2.2. Experimental animals

Eighty 200+30 gr Wistar albino rats of both sexes were en-
tered in the experiment. The rats were kept in optimized
laboratory conditions (22-25 °C, humidity=60+5 percentage,
and 15 h light) with free access to food and water. They were
kept in similar cages and randomly selected for model induc-
tion and outcome assessment using a random numbers ta-
ble. Animals were randomly divided into four groups (n=20
per group) and desired outcomes were assessed on days 3, 7,
14 and 21 after wound induction. Five animals were assessed
in each follow-up time point. The experimental groups are
introduced in table 1. All included animals survived dur-
ing the study (mortality rate of zero). This experiment was
done with the approval of the local ethic committee, under
the code number 97001781 (IR.AJAUMS.REC.1400.313).

2.3. Wound induction model and treatments

Induction of wound was done in blinded manner, in which
the caregiver was not aware of the experimental groups. Clip-
ping and shaving were performed on the operation site, and
a 1.5x1.5 cm full-thickness square wound was made. After
creating wounds, we contaminated all back wounds of the
rats with 50 ul of 2x108 CFU/mL staphylococcus-containing
suspension. Ointments including zinc oxide, mixed algae 3%
and mixed algae 7% were applied to the wound area from the
day after wound induction once daily for 21 days.

2.4. Outcomes

All outcome measurements were performed on days 3, 7, 14,
and 21 after wound induction by an investigator who was
blinded to the animal groups. In addition, animals were ran-
domly selected for outcome assessments at each time-point.
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2.5. Wound size

On day 1, before administration of treatments, the wound
size was recorded through measurement of greatest width
and length. Length and width were multiplied and square
area was calculated. The wound size was assessed using the
same method on days 3, 7, 14, and 21 after wound induction.
The wound size in specific days was calculated as St/S0x100,
where S0 is the wound area at the time before treatment and
St is the wound area at the time t and reported as percent-
age. Clinically significant improvement was defined as at
least 50% reduction in wound size compared to baseline.

2.6. Number of wound bacterial colonies

We put a swab on the wound and then placed it in 1 mL
of sterile normal saline. The swab discharged the staphy-
lococcus into the fluid. We diluted the liquid 10-fold with
sterile normal saline. Then, 5 pul of the sample was added
to a Mueller-Hinton agar plate and incubated for 24 hours.
Finally, bacterial colonies were counted using an automatic
colony counter (Scan 1200 Inter-science Company, France).
The number of bacterial colonies was assessed on days 1, 3
and 7.

2.7. Histopathological evaluation of the wound
healing

The wound area was cut around and gathered. The tissues
were fixed in 10% formaldehyde for 36 hours after euthanasia
of rats using overdosed anesthetic materials. After paraffin
embedding, 5 um sections were prepared using a microtome.
The samples were stained using hematoxylin/eosin and Mas-
son trichrome stain. The samples were analyzed by a pathol-
ogist who was blinded to the animals’ groups. The histolog-
ical grading was made based on angiogenesis, the number
of macrophages, collagen level, epithelization, and fibrosis.
Each factor was given a score of 0-3 for grading. The ab-
sence of a phenomenon was scored 0; a mild presentation
was scored 1, the moderate one was scored 2, and the severe
one was scored 3 (16).

2.8. Immunohistochemical evaluation

All materials were purchased from Sigma/Aldrich Company
(Germany). After fixing the samples and embedding them
in paraffin, we cut them into 5-pm tissue sections. The en-
dogenous peroxidase was quenched through exposure to 3%
hydrogen peroxide. The excess antigens were blocked after
dropping 1% bovine serum albumin on the sample. We incu-
bated the slides with a primary antibody against transform-
ing growth factor-beta (TGFp), vascular endothelial growth
factor (VEGF), or CD68 at 1:400 dilutions overnight. After
washing the tissues, the slides were incubated with 1:400
dilutions of goat anti-mouse IgG antibody (Abcam) for 1
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Experimental groups

Intervention
Wound induction without any
treatment
Wound induction + treated with 25%

zinc oxide

Wound induction + treated with

Gracilaria Corticata mixed with

Scenedesmus acuminate marine algae

extract 3%

Wound induction + treated with
Gracilaria Corticata mixed with
Scenedesmus acuminate marine algae
extract 7%

Experimental group
Non-treated

Zinc oxide

Mixed Alga 3%

Mixed Alga 7%

hour at room temperature. The slides were treated with Di-
aminobenzidine (DAB) for 5 minutes after washing. Coun-
terstaining with hematoxylin was operated. The tissue slides
were put in alcohol and then xylene. Then they were
mounted on a mounting medium, and were studied to eval-
uate the rate of gene expressions.

2.9. Statistical Analysis

Data are presented as mean + standard deviation. Two-
way repeated measures ANOVA and Bonferroni post hoc test
were used to assess the mean difference of normal quan-
titative variables across different time-points. Time trend
of histopathological scores’ (ordinal variables) changes was
evaluated using Friedman test. Finally for assessment of clin-
ically significant changes we used Jonckheere-Terpstra test
for trend. In this test, at least 50% decrease in wound area
or wound bacterial colony was considered success rate. The
p-values less than 0.05 were considered significant.

3. Results

3.1. Percent of wound closure

Two-way repeated measures ANOVA revealed that the wound
closure was significantly different among studied groups (df:
9, 48; F=5.97; p<0.0001). Three-day follow ups showed
that administration of zinc oxide ointment can accelerate
wound closure compared to non-treated group (p=0.029).
Seven days after wound induction, wound size in zinc oxide-
(p=0.003) and mixed algae 7%-treated (p=0.0003) groups had
significantly decreased compared to non-treated animals.
While in 14-day follow-up, wound size had significantly de-
creased only in mixed algae 7% group (p=0.014) compared to
non-treated group. In contrast, there was no significant dif-
ference between any of the groups on the 21st day (Figure 1).
To assess clinically significant improvement, we compared
the number of animals with at least 50% decrease in wound
size between experimental groups. The results showed that
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on the 3rd and 7th days post-injury there were no rats with at
least 50% decrease in wound size in non-treated and mixed
algae 3% groups. While, 50% decrease in wound size was ob-
served in 60% and 80% of animals in the zinc oxide and mixed
algae 7% groups seven days post-injury. Notably, all animals
reached at least 50% decrease in wound size by day 14. The
non-parametric test for trend showed that clinically signifi-
cant improvement (at least 50% decrease in wound size) is
similar among studied groups (p=0.066) (Figure 1).

3.2. Number of bacterial colonies in wound cul-
ture

Mixed algae 3%, mixed algae 7% and zinc oxide could reduce
the rate of bacterial growth compared non-treated animals
(df: 3, 16; F=5.74; p=0.0007). On day 3, the efficacy of mixed
algae 3% (p>0.999) and mixed algae 7% (p=0.257) was simi-
lar to zinc oxide. The inhibitory effect of mixed algae 7% was
more predominant than zinc oxide (p<0.0001) and mixed al-

gae 3% (p<0.001) seven days after the initiation of treatment
(Figure 1).

50% decrease in the number bacterial colonies in wound
culture was observed in all treated animals on days 3 and
7, while there were no animals with 50% decrease in the
number of bacterial colonies in wound culture in non-
treated groups. The non-parametric test for trend showed
that success rate was significantly higher in zinc oxide- and
mixed algae-treated animals compared to non-treated ani-
mals (p=0.0007) (Figure 1).

3.3. Histopathological results

Angiogenesis

Qualitative histopathological assessment showed a non-
significant increase in angioblasts in the zinc oxide and
mixed algae 3%-treated groups compared to non-treated ani-
mals on days 3, 7, 14 and 21. Proliferating angioblasts formed
numerous new blood vessels in the granulation tissue in
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Histological assessment of infected skin wounds of rats in different treatment groups on day 3 (A, B, C and D), day 7 (E, E G and H),
day 14 (I, ], Kand L) and day 21 (M, N, O and P) post-surgery (Trichrome x100). Star: wound surface; Black arrow: collagen fibers; Yellow arrow:
new blood vessels, up-down arrow: epithelium. Error bar represents 200 um. Non-treated: A, E, I and M; Zinc oxide: B, E J and N; Mixed algae

3%: C, G, K and O; Mixed algae 7%: D, H, L and P.
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Histological assessment of infected skin wounds of rats in different treatment groups on day 3 (A, B, C and D), day 7 (E, E G and H),
day 14 (I, ], Kand L) and day 21 (M, N, O and P) post-surgery (Trichrome x100). Star: wound surface; Black arrow: collagen fibers; Yellow arrow:
new blood vessels, up-down arrow: epithelium. Error bar represents 200 um. Non-treated: A, E, I and M; Zinc oxide: B, E J and N; Mixed algae
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mixed algae 7%-treated animals on day 3, day 7, and day
14. Finally, the number of blood vessels were reduced in all
groups 21 days post-operation (Figure 2).

Quantitative analysis based on Friedman test showed that
zinc oxide and mixed algae 3% did not have a significant ef-
fect on angiogenesis score in any of the time points (p>0.05).
While, mixed algae 7% increased angiogenesis score 3 days
(p=0.028) and 7 days (p=0.002) after wound induction com-
pared to non-treated animals. Angiogenesis score on day 21
did not significantly differ among study groups (p>0.05; Fig-
ure 2).

Immuno-histochemical evaluation showed that VEGF ex-
pression was changed in treated groups (df: 9, 48; F=43.26;
p<0.0001). Post hoc analysis revealed that mixed algae 7%
could increase the expression of VEGF from day 3 (p=0.041).
On day 7, zinc oxide (p=0.006), mixed algae 3% (p=0.009),
and mixed algae 7% (p<0.0001) could increase the level of
VEGE On day 14, only zinc oxide increased VEGF expression
(p=0.038). Interestingly, on day 21, VEGF expression in zinc
oxide (p=0.006) and mixed algae (p=0.026) groups was lower
than the non-treated group (Figure 2).

Fibrosis

qualitative report by a pathologist, few fibroblasts were ob-
served in the wound area and no notable starting of fibrosis
was observed in any of the groups on day 3. The fibropla-
sia of the mixed algae 7% group was slightly higher than the
other groups on day 7. Although the fibrosis had increased 14
days and 21 days post-injury, there were no significant differ-
ences between groups. Quantitative analysis based on Fried-
man test showed that fibrosis score was not significantly dif-
ferent between experimental groups in any of the time points
(p>0.05) (Figure 2).

Collagen synthesis

Qualitative assessment showed that mixed algae administra-
tion in both doses led to production of fine collagen bundles
in the primary granulation tissue compared with the non-
treated group on day 3 and day 7. Identical collagen synthesis
was extensively observed on day 14 and day 21 in all groups.
Quantitative analysis based on Friedman test showed that
collogen synthesis score was not significantly different be-
tween experimental groups in all time points (p>0.05) (Figure
2).

Epithelial regeneration

No notable epithelial regeneration was observed on day 3.
Seven days after treatment, the epithelial formation started
with no significant difference between the groups. On day 21,
epithelialization was hyperplastic in both non-treated and
7% mixed algae groups. The highest epithelialization rate
was observed in non-treated animals (Figure 2). Friedman
test showed that epithelization was not significantly differ-

ent between experimental groups in all time points (p>0.05)
(Figure 2).
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Macrophage infiltration

The highest rate of infiltration of macrophages was seen in
the mixed algae 7%-treated group 3 days post-wound in-
duction. Seven days after wound induction, the number of
macrophages in the mixed algae-treated groups was higher
than in the non-treated group. In addition, the number
of macrophages in the 7% mixed algae-treated groups was
higher than non-treated and group 3% mixed algae-treated
groups 14-day post operation. Finally, macrophages were
reduced in all groups 21 days after induction of wounds.
However, the number of macrophages in the non-treated
animals were much higher than in other groups (Figure 2).
Friedman test revealed that macrophage infiltration score in
zinc oxide (p=0.008) and mixed algae 7% (p=0.018) were sig-
nificantly higher than non-treated animals. While on day
21, this score was significantly higher in non-treated ani-
mals (p for zinc oxide=0.026; p for algae 7%=0.020) (Fig-
ure 2). Immunohistochemistry assay depicted that the per-
centage of macrophages (CD68-positive cells) in the gran-
ulation tissue was significantly different between studied
groups (df: 9, 48; F=32.53; p<0.0001). Multiple compar-
ison showed that macrophage infiltration in mixed algae
3% (p=0.0006) was significantly higher than the non-treated
group on day 3. On day 7, the macrophage infiltration rate
significantly decreased in mixed algae 3% (p=0.001) and its
level remained low until the end of follow-up. On day 14,
the macrophage infiltration rate had increased in zinc oxide
(p<0.0001) and mixed algae 7% (p=0.001) groups, while on
day 21 the macrophage infiltration rate was only high in zinc
oxide (p=0.004) group (Figure 2).

TGFp expression

Immunohistochemistry assay depicted that the expression
of TGFp was significantly different between studied groups
(df: 9, 48; F=49.50; p<0.0001). Multiple comparison showed
that TGFB in mixed algae 7% (p=0.014) group was signif-
icantly higher than non-treated group on day 3. On day
7, TGFB expression was significantly higher in mixed al-
gae 3% (p=0.0002) group. On day 14, TGFfB expression
had increased in zinc oxide (p=0.043) and mixed algae 3%
(p<0.0001) groups. While on day 21, the level of TGF expres-
sion was not significantly different between treated groups
compared to non-treated animals (p>0.05) (Figure 2).

4, Discussion

The results showed that the administration of mixed algae
3% and 7% could mildly accelerate the wound healing pro-
cess in a rat model of pelleted skin wound. However, it seems
that this effect is not clinically significant compared to non-
treated and zinc oxide-treated animals. In addition, mixed
algae have a possible anti-bacterial activity. Although, the ef-
fect was clinically significant compared to non-treated ani-
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mals, its antibacterial activity was the same as zinc oxide. In-
duction of angiogenesis, increase in macrophage infiltration
rate, and expression of TGFf are possible underlying mecha-
nisms of mixed algae in accelerating the wound healing pro-
cess. The Gracilaria genus is an economical marine seaweed,
because it is a worldwide source of agar. This seaweed grows
throughout the tropical areas. Extraction of seaweed is typi-
cally accomplished by solvent extraction processes using al-
cohol and acetone and through water steam or distillation
(14). Some studies showed that the antioxidant properties
of the calcium alginate of brown seaweeds could heal and
prevent the toxic effects of CCl4-induced hepatotoxic injury
in rats (17). Some studies showed that microalgae contain
metabolites that are effective against the development and
growth of some pathogenic gram-negative and gram-positive
bacteria. The phenolic compounds are a significant contrib-
utor to the antioxidant properties of the microalgae (8).
After inducing a wound, TGFp is secreted by macrophages,
keratinocytes, and platelets. TGFf is necessary for start-
ing granulation, tissue formation, and fibrosis. In addition,
TGEFp is indispensable for cell migration during wound repair
(2). In addition, VEGF stimulates multiple components of the
angiogenic cascade. When capillary growth is maximal, it is
released early in healing (18).

The outputs of the present study may provide a vital insight
into the field of natural drug discovery. A study in 2014
showed that the marine algae Gracilaria corticata and Spir-
ulina platensis were the best BioSources of active substances
such as various phytochemicals, antioxidants, and antibi-
otics (7, 8). Some studies revealed that topical application of
algae extracts could increase wound contraction and reduce
wound closure time (19, 20). The decrease in wound size was
significant in animals treated with Gracilaria compared to the
control group until the 20th day. The extract induced whole
healing compared to usual drugs (20). However, our results
showed that, although, the effect of mixed algae on wound
closure was statistically significant compare to non-treated
animals, its effect was not clinically significant. This differ-
ence implies the importance of assessment of clinical signif-
icance level in animal studies.

In this study, on day seven post-surgery, mixed algae at a
concentration of 7% showed inhibitory effects on bacterial
growth. Sargassum illicifolium components showed medium
inhibitory potency on Staphylococcus aureus, and more in-
hibitory strength against Pseudomonas aeruginosa. It could
increase fibroblast proliferation and migration (21). Adding
a trace amount of Ag to red algae can produce a spherical
shape with hydrodynamic nanoparticles. This shape and size
of synthesized Ag carrier algae showed high antibacterial ac-
tivity against bacteria, especially Gram-negative ones. Nine-
teen species of Gracilaria sp. can inhibit the growth of many
bacteria, viruses, and fungi. They can also reduce inflamma-

tory cascades (22).

Some studies on improving angiogenesis of the skin wounds
using algae extract showed that the wound healing activity of
Gracilaria extract in rats at the concentration of 200 mg/kg
was better than that of standard ointment on the sixth day of
the investigation (22). Consistently, our results also showed
that the mixed algae 7% group had the most blood vessels
and highest induction of angiogenesis. Also, in the last days
of repair, which required less angiogenesis, the number of
vessels was reduced.

One of the critical factors in wound repair is collagen produc-
tion, which did not change significantly in different groups.
Macrophages are identified as brown against a pale ground
background (16). The presence of macrophages on days 3
and 7 after surgery is a hallmark for inducing proper repair
because they help repair by secreting various repairing cy-
tokines such as TGFf and fibroblast growth factors.
Although tissue engineering offers unlimited possibilities for
regenerative medicine, several problems limit its clinical ap-
plication. Insufficient oxygen delivery to 3D cultures is con-
sidered one of the most significant limitations for the practi-
cal application of tissue engineering in vitro (23). Simultane-
ously, tissue regeneration relies on necessary nutrients and
bioactive molecules to control critical biological processes
(24). Photosynthesis is the source of oxygen; thus, microalgae
cab offers a new way to supply adequate oxygen for tissue en-
gineering. Photosynthetic microalgae Chlamydomonas rein-
hardtii (C. reinhardtii) have been widely studied in tissue en-
gineering in recent years. For example, Hopfner et al. cul-
tured C. reinhardtii in scaffolds for tissue repair. Then the mi-
croalgae showed high biocompatibility and photosynthetic
activity. In addition, C. reinhardtii could be cocultured with
fibroblasts, reducing the hypoxia response of cells under hy-
poxic culture conditions. Based on the in vitro studies, when
the microalgae scaffold was transplanted into a mouse skin
defect, it was found that the microalgae survived for at least
five days in vivo, and chimeric tissues composed of algae and
mouse cells were formed (25). On this basis, scaffolds con-
structed by genetically modified microalgae have also been
developed, which can also deliver recombinant molecules
for gene therapy and essential oxygen supply. Chévez et al.
created a genetically modified C. reinhardtii that constitu-
tively secreted the human vascular endothelial growth factor
VEGF-165 (VEGF) to the wound tissues in vivo (26). Other
algal scaffolds have also been applied in tissue engineering.
For instance, Chlorococcum littorale scaffolds could provide
enough oxygen to sustain the survival of C2C12 or rat cardiac
single-layer cell sheets (27). Arthrospira scaffolds could im-
prove the adherence and proliferation ability of mesenchy-
mal stem cells from C57/B16N mice liver (28).
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5. Conclusion

The results showed that the administration of mixed algae
3% and 7% could mildly accelerate the wound healing pro-
cess in a rat model of pelleted skin wound. However, it seems
that this effect is not clinically significant compared to non-
treated and zinc oxide-treated animals. In addition, mixed
algae have a possible anti-bacterial activity. Although, the ef-
fect was clinically significant compared to non-treated ani-
mals, its antibacterial activity was the same as zinc oxide. In-
duction of angiogenesis, increase in macrophage infiltration
rate, and expression of TGFf are possible underlying mecha-
nism of mixed algae in accelerating wound healing process.
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