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ABSTRACT

Introduction: Traditional medicine recommends herbal medicines for metabolic disorders. Keywords:

The present study explores the skin wound healing potential of Hypericum helianthemoides Hypericum helianthemoides
(H. helianthemoides) extract in diabetic and non-diabetic rats. Wound healing

Methods: Following wound induction in diabetic (n=50) (induced by a single dose of Herbal medicine
streptozotocin) and non-diabetic (n=50) rats, H. helianthemoides extract (5% and 10%) was Streptozotocin
administered versus standard drug phenytoin (1%) and Osrin to positive and sham control Diabetes mellitus

groups. Tropical ointment therapy was applied once a day until the end of the study period
(20 days). A Vernier caliper (with a 0.1 mm accuracy) was used to measure the wound
length at 1, 3, 7, 11, 15, and 20 days after induction. Furthermore, pathological examination
categorized the wound healing process into five categories: poor, mild, moderate, fair, and
excellent.

Results: On the study’s first day, both diabetic and non-diabetic rats had the same wound area
size. After 11 days, the wound area size significantly decreased in groups treated with 5%
and 10% H. helianthemoides extract compared to the sham and control groups (P<0.001).
Hence, based on the wound pathological evaluation scale, the most frequent phenytoin and
H. helianthemoides extract-treated groups were classified as moderate to excellent (P<0.05).
Conclusion: H. helianthemoides extract accelerates full-thickness wound healing in diabetic
and non-diabetic rats.

Introduction is intricate but well-structured, with four stages: re-ep-

A wound is defined as damage to the skin’s two prima- ithelialization, fibroblast migration for collagen synthe-
ry layers, the epidermis and dermis (Cafiedo-Dorantes sis, granulation tissue formation, and wound contraction
and Cafiedo-Ayala 2019). The wound healing process (Fernandez-Guarino et al., 2023). Untreated wounds can
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continuously produce inflammatory mediators, causing
pain and swelling (Sulakhiya et al., 2024). A variety of
systemic and local factors influence healing, including
age (Sorg and Sorg 2022), medication, nutrition, blood
circulation, tissue oxygen levels (Attinger et al., 2006;
Janis 20006), and topical treatments (khaksar et al., 2011).

Diabetes mellitus is a metabolic disease characterized
by chronic hyperglycemia caused by insulin production
or function defects (American Diabetes 2013). It leads
to complications such as renal vascular disturbances,
skin lesions, diabetic foot wounds, and impaired wound
healing (American Diabetes 2013; World Health 1999).
Elevated blood glucose causes chronic inflammation,
inhibits cell proliferation, and elevates pro-inflammato-
ry cytokines and matrix metalloproteinase levels, con-
tributing to delayed wound healing (Singh and Kakkar
2009). Antibiotics are commonly used to prevent or
treat infections, as well as advanced wound dressings
and anti-glycemic agents in diabetics (Chakraborty et
al., 2022). However, these treatments have limitations
and side effects, like antibiotic resistance, and wound
dressing skin irritation (Punjatacwakupt et al., 2019).
Diabetic wounds often necessitate more aggressive
and prolonged treatment strategies, increasing the risk
of complications such as chronic ulcers and infections
(Bowers and Franco 2020). These challenges highlight
the need for alternative therapies that improve wound
healing while minimizing adverse effects.

Phenytoin, known for its anticonvulsant properties,
promotes fibroblast proliferation, and collagen synthe-
sis, accelerating wound healing (Anstead et al., 1996).
It reduces wound exudate and edema, creating a con-
ducive environment for wound healing (Anstead et al.,
1996; Bhatia and Prakash 2004). However, applying
phenytoin wound care is complicated by its dose-de-
pendent efficacy and potential side effects (Scheinfeld
2003). Common side effects include gingival hyperpla-
sia and hirsutism, while rare ones include drug-induced
lupus and hypersensitivity syndrome (Scheinfeld 2003).

The challenges and side effects of medical treatments
have paved the way for research into the efficacy of alter-
natives such as various herbs and natural ingredients for
wound healing (Bedi and Shenefelt 2002). Sunny Hy-
pericum (Zagros Hypericum) with the scientific name
of Hypericum helianthemoides (H. helianthemoides)
is a herbaceous perennial plant native to Ilam province
in Iran. As illustrated in Figure 1, this plant contains a

rich variety of bioactive compounds, such as phenolic
acids, phloroglucinol, flavonoids, procyanidins, tannins,
essential oils, amino acids, phenylpropanoids, and xan-
thonein (Heydari et al., 2015). It is also known by its
botanical name, Hypericum helianthemoides (Spach)
Boiss (Boissier 1867). These compounds exhibit vari-
ous properties, including antibacterial, anti-inflammato-
ry, and analgesic effects (Sanchez-Mateo et al., 2006;
Schempp et al., 1999). Hypericum has been used to treat
neurological disorders and has shown promise for burn
healing and pain relief (Gangemi et al., 2015; Mirzaei
etal., 2012).

Taken together, it appears that phenytoin and H. heli-
anthemoides share some common wound-healing mech-
anisms, and thus it is argued that H. helianthemoides, as
a natural plant, can be used as a wound-healing treat-
ment. To the best of our knowledge, no study has com-
pared the efficacy of H. helianthemoides in wound heal-
ing in healthy and diabetic patients to a first-line medical
treatment like phenytoin. Moreover, there is still no
consensus on the optimum amount of use for the most
favorable outcome. To bridge these gaps, we tested the
hypothesis that applying H. helianthemoides would im-
prove wound healing in both diabetic and non-diabetic
rat models compared to phenytoin, and if so, what is the
optimal dosage?

Materials and methods

Animals

In this research, we utilized male Wistar rats weighing
between 275 and 300 grams and aged 8 to 10 weeks.
These rats were acquired from the Pasteur Institute in
Karaj, Iran. Upon arrival, they were individually housed
in cages maintained at 50-55% relative humidity and 23
+ 1°C, with a consistent 12-hour light/dark cycle. The
rats had unrestricted access to standard rat chow and tap
water. The Ilam University of Medical Sciences Ethics
Committee pre-approved the experimental protocol (IR.
MEDILAM.REC1396.76, date: October 10, 2015). The
rats were randomly assigned into ten groups of ten in-
dividuals (n=10). These groups were categorized into
two primary divisions: diabetic and non-diabetic wound
groups. Each division was further segmented into five
subgroups according to the type of wound treatment ad-
ministered. The control group received no wound treat-
ment. The sham group received Osrin (Kimia Gostar
Co, Tehran, Iran). The Positive control group received
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FIGURE 1. Sunny Hypericum (Hypericum helianthemoides) plant.

1% phenytoin (produced by Daru-Pakhsh Company,
Iran) treatment; one group was treated with a 5% H. he-
lianthemoides extract; and another with a 10% H. heli-
anthemoides extract.

Induction of Experimental Diabetes

Animals (based on groups) received a single dose of
streptozotocin (STZ, 60mg/kg IP. Merck, Germany)
(Ramezani et al., 2019). STZ was dissolved in cold
0.9% saline immediately before use. Three days later,
blood glucose levels were measured using a glucometer
(One Touch Ultra; Life Scan, Milpitas, CA, USA) af-
ter collecting blood samples from the tail. Diabetic rats
were defined as those with blood glucose levels greater
than 300mg/dl and symptoms such as polydipsia, poly-
uria, and weight loss (Robertson et al., 1992).

Skin Wound

First, the animals were anesthetized in a glass con-
tainer filled with chloroform-soaked cotton to induce
wounds. After shaving off the dorsal region, a metal
marker was placed on the stump, and shaved part of
the animal’s body to draw a circle approximately 19
mm in diameter. The skin in this area was then com-
pletely (full thickness) removed by sharp surgical scis-
sors in a non-infectious setting (Dorsett-Martin 2004).
The wound induction stage was carried out in diabetic
groups after the animal’s diabetic status was confirmed.

Plant Extract Preparation

The plant was collected from the Shirvan & Chardavol
regions of the Zagros Mountain chain in Ilam province,
Iran. All parts of the plant, including leaves, roots, and
stems (50g), were shade-dried and powdered before be-
ing placed in a beaker containing 500 ml of olive oil
and heated in an oven (Leica, Germany) at 47°C with
daily stirring. After two weeks, the solution was filtered,
yielding the oil extract (Siintar et al., 2010).

Wound Healing Evaluation

Following wound induction, each animal received a
treatment (topical ointment therapy) based on their as-
signed group. Then wound’s surface area was measured
1, 3,7, 11, 15, and 20 days after wound induction, and
the improvement in wound healing was calculated (Haji
Zadeh et al., 1996). Vernier caliper (with a 0.1mm accu-
racy) was used to measure the wound’s length.

Wound Sampling and Histological Procedures

The rats were anesthetized with diethyl ether on
the twentieth day and immediately sacrificed. Then, a
full-thickness strip (length: 3-4cm, width: 0.5-1cm) was
removed from the wound’s third midsection, revealing
the central and marginal wound areas and the adjacent
normal skin symmetrically (Haji Zadeh et al., 1996).
The skin tissue samples were fixed in a 10% neutral
formalin solution and then embedded in paraffin. Par-
affin blocks were sliced into 4-um-thick sections on a
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FIGURE 2. Comparison of the wound average size (wound healing) in control, sham, positive control and 5% and 10% H. helianthemoides
extraction treated groups on different days of study in non-diabetic rats. (* indicates significant difference with control and sham groups, P<0.05

was considered to be significant).

microtome (Leica, Germany). Then, hematoxylin-eosin
(H&E) staining was performed to examine the alter-
ations in the skin tissue structures. Inflammatory cells,
fibroblasts, and vascular sections were detected using a
qualitative method (Haji Zadeh et al., 1996). Pathologi-
cal examination categorized the wound healing process
into five levels: poor, mild, moderate, fair, and excellent
(Ashrafi et al., 2010; Yu and Lee 2017).

Statistical Analysis

The data are expressed as mean and SEM. The wound
area size (mm2) was compared using one-way ANOVA
between diabetic and non-diabetic groups. Data were
analyzed using SPSS 20 software, with a significance
level of P<0.05.

Results

Wound Size in Non-Diabetic Groups

The results revealed that the wound area size de-
creased significantly in groups treated with 5% or 10%
H. helianthemoides extract compared to the sham and
control groups. On the first day of the study, the wound

area size was consistent across all groups (p>0.05). How-
ever, from day 11 to the end of the study, the wound area
size of the control and sham groups differed significant-
ly from that of the other groups. The wound area was
largest on the final day of the study (P<0.001). Yet, there
was no significant difference between the phenytoin and
H. helianthemoides extract treatment groups (Figure 2).

Wound Size in Diabetic Groups

During the early phase of the study, no significant
differences in wound area size were found between the
groups treated with 5% or 10% H. helianthemoides ex-
tract and the control group. However, after 11 days, sig-
nificant differences emerged between the control group
and the groups treated with concentrations of H. heli-
anthemoides extract and phenytoin. These differences
became more pronounced towards the end of the study
(P<0.05) (Figure 3).

In both diabetic and non-diabetic rats, statistical analysis
showed no significant difference in wound size between
the phenytoin groups (positive control) and the groups
treated with 5% and 10% H. helianthemoides extract on



Physiology and Pharmacology 28 (2024) 389-399 | 393 Soltanbeigi et al.

Ocontrol Osham DOposetive control [O5%extraction @ 10%extraction

25 -
o~ 20 - [
= 04
= :s
A ”g
5 15 -
=
z 10
:

5 4

Third Seventh Eleventh fifteenth Twentieth

Test days

FIGURE 3. Comparison of the wound average size (wound healing) in control, sham, positive control and 5% and 10% H. helianthemoides
extraction treated groups on different days of study in diabetic rats. (* indicates significant difference with control and sham groups, P< 0.05
was considered to be significant).

FIGURE 4. A-E: Sample images of the wound on the twentieth day, in non-diabetic rats. A: control group, B: sham, C: positive control group,
D and E: 5% and 10% H. helianthemoides extraction treated groups respectively. (A,1: inflamed and bleeding area. B, 1: inflamed area. C, 1:
Epidermis, 2: Scar tissue, 3: Collagen tissue. D, 1: Epidermis, 2: Collagen tissue. E, 1: Dermis and epidermis).
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FIGURE 5. A-E: sample images of the wound on the twentieth day, in diabetic rats. A: control group, B: sham, C: positive control group, D
and E: 5% and 10% H. helianthemoides extraction treated groups, respectively. (A, 1: inflamed area. B, 1: inflamed and bleeding area. C, 1:

Collagen tissue. D, 1: Epidermis. E, 1: Dermis and epidermis).

various examination days (P>0.05) (Figures 2 and 3).

Microscopic Study

On the twentieth day, wound samples were evaluated
for signs of healing, including skin re-epithelialization,
fibroplasia, and the presence of inflammatory cells. In
the non-diabetic groups, the epidermis was not visi-
ble in the control and sham groups, but inflammation
was evident in the dermis. The positive control group
showed epidermis formation and visible collagen fiber.
Also, fibroblasts in the dermis were noted. The epider-
mis had formed, granulation was complete, and collagen
fiber deposition was observed in the group treated with
5% H. helianthemoides. The 10% H. helianthemoides
extract-treated group had a fully formed epidermis and
dermis with apparent collagen formation and horny layers
(Figure 4).

In diabetic animals, the control and sham groups had
no epidermis or collagen fibers, with apparent inflamma-
tion and bleeding. The positive control and 5% H. helian-

themoides extract-treated groups had epidermis, dermis,
and collagen formation in the dermis. The epidermis and
dermis were fully formed in the 10% H. helianthemoides
extract-treated group, as was collagen formation, but no
hair follicles were observed in the skin tissue (Figure 5).

The healing process in the phenytoin and H. helian-
themoides extract-treated groups differed significantly
from the control groups (P<0.05) (Figure 6). The most fre-
quent wound healing stages in the positive control and H.
helianthemoides treated groups ranged from moderate to
excellent, whereas the control groups were typically poor
to mild.

Discussion

This study examined the efficacy of H. helianthemoides
extracts (5 and 10%) in wound healing in diabetic and
non-diabetic rats, comparing its effects with 1% topical
phenytoin. Our findings revealed that, in both healthy and
diabetic conditions, wound size was significantly smaller
after the 11th day in the H. helianthemoides extraction at
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FIGURE 6. Frequency of pathological conditions in control, sham, positive control and 5% and 10% H. helianthemoides extraction treated
groups on the twentieth day of study in normal and diabetic rats. In pathological examination, wound healing process divided to the 5 catego-

ries, poor, mild, moderate, fair, and excellent.

concentrations of 5% and 10% compared to the control
and sham groups. Interestingly, wound size did not dif-
fer significantly between H. helianthemoides extract at
5% and 10% concentrations and the 1% topical phenytoin
group.

Other studies have found that Hypericum perforatum
treats deep skin burns due to its anti-inflammatory prop-
erties, which is consistent with our findings (Hoffmann
et al., 2020; Prisacaru et al., 2013). Farsak et al. recom-
mended that Hypericum perforatum could be effective
on dorsal dermo-epidermal wound healing in diabetic
rats (Farsak et al., 2017). They reported that the topi-
cal application of Hypericum perforatum made no dif-
ference on the third day (Farsak et al., 2017). Howev-
er, it positively affected wound healing on the seventh
and tenth days in diabetic rats with mucosal defects in
the palatal area (Altan et al., 2018), consistent with our
findings in the present study. This efficacy might be
attributed to the inhibition of Cyclooxygenase (COX),
prostaglandin synthesis, protein kinase, or arachidonic
acid release (Prisacaru et al., 2013). To provide more
support for this notion, Menegazzi et al., (2006) have re-
ported that anti-inflammatory effects of the Hypericum

are likely due to inhibition of nuclear factor kappa B
and STAT-3 activation (Menegazzi et al., 2006). There
is also evidence that topical application of Hypericum
oil significantly affects wound healing, provides local
anesthesia, and spares pain and discomfort (M. Mah-
moudi et al., 2006). It also has antiseptic properties and
can treat burns in the short term (Brondz et al., 1982).
A major part of the anti-inflammatory effect of Hyper-
icum has been attributed to flavonoids, hypericin, and
hyperforin, which inhibit and reduce the production of
inflammatory mediators (Bork et al., 1999; Novelli et
al., 2020). The plant’s antibacterial and antiviral proper-
ties may also contribute to wound healing (Cinci et al.,
2017; Kucukboyaci et al., 2020).

This study also evaluated the effects of H. helian-
themoides on diabetic wound healing and found that it
was effective in both normal and diabetic wound con-
ditions. Diabetes can lead to impaired wound healing
due to chronic inflammation, microvascular changes,
endothelial proliferation disturbances, and capillary
basement membrane thickening (Graves and Donaghue
2020; LoGerfo and Coffman 1984), creating a vulner-
able environment for infection (Jeffcoate and Harding
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2003; Rodriguez-Rodriguez et al., 2022), reduced col-
lagen formation, and increased free oxygen radicals
and blood sugar levels, which may inhibit macrophage
phagocytosis (Swoboda and Held 2022). Hypericum’s
healing effects on pressure-induced wounds are attribut-
ed to increased capillary blood circulation (Torra i Bou
et al., 2003). Its full-thickness wound-healing potential
could be attributed to anti-inflammatory compounds
such as flavonoids, hyperforin, and pseudohypericin
(Hammer et al., 2007). Because of its anti-inflamma-
tory and antibacterial properties, Hypericum extract
promotes diabetic wound healing. In-vitro evidence
suggests flavonoids, hyperforin, and hypericin are pos-
sibly the primary anti-inflammatory compounds (Gru-
enwald J. 2007). Moreover, tannins are antioxidants
that increase fibroblast proliferation and can secrete
considerable amounts of TNF (Nikrooze et al., 2013).
Fibroblasts induce nitric oxide and vascular endothelial
growth factor, which regulate granulation tissue forma-
tion and reinforce angiogenesis (Momeni et al., 2014).
Fibroblasts are also involved in collagen fiber produc-
tion, and the tannins in Hypericum increase the collagen
rate in the skin’s second layer by affecting fibroblasts’
activity. Eventually, collagen fibers, nucleic acids, and
protein synthesis improve wound healing (Jafari Bar-
mak 2014; Oryan et al., 2010).

While our findings highlight the potential effects of
H. helianthemoides extraction, a more comprehensive
comparison with other standard wound healing treat-
ments, including various herbal remedies, remains
essential. This comparison would provide a clearer
perspective on where H. helianthemoides fits into the
available spectrum of wound healing modalities, offer-
ing clinicians more comprehensive treatment options.
Besides, a more in-depth exploration at the cellular and
molecular levels could provide deeper insights into how
H. helianthemoides facilitates wound healing. Such infor-
mation is crucial for understanding how bioactive com-
pounds interact with cellular pathways involved in wound
repair and inflammation. Our study did not investigate the
long-term effects and safety profile of H. helianthemoides
treatment, particularly in wound healing. Given the com-
plexities of diabetic wound management and potential un-
derlying health issues, it is critical to understand any long-
term implications, side effects, or contraindications of H.
helianthemoides use. Future research should focus on the
chronic impacts of H. helianthemoides application and

its safety in diverse patient populations, bridging the gap
between laboratory findings and clinical practice. Further-
more, a critical aspect that requires attention is the dosage
optimization and standardization of H. helianthemoides
extract for effective wound healing. The concentrations
used in this study serve as a baseline, but further research
is needed to determine the optimal dosages for human ap-
plication and standardize these dosages for clinical use.
It is also critical to delve into the specific challenges that
diabetes poses in wound healing, such as impaired micro-
vascular function and chronic inflammation, and to under-
stand how H. helianthemoides may address these chal-
lenges. This study would help us better understand the
therapeutic potential of H. helianthemoides in diabetic
wound care.

According to the study, olive oil had no significant im-
pact on the outcomes that were examined. These results
were not reported because the study’s thorough analy-
sis demonstrated that olive oil was not a confounding
factor, enabling us to attribute the observed effects to
the primary factors. Finally, acknowledging the study’s
limitations would provide a more balanced perspective.
Mechanically created wounds in research models may
not accurately represent the complexities of diabetic
wounds. Diabetic wounds frequently involve chronic
factors such as impaired circulation, neuropathy, and
persistent inflammation, which have a different effect on
healing than controlled, mechanically induced wounds.
Consequently, the healing responses observed in exper-
imental models may not accurately reflect the challeng-
es and mechanisms present in diabetic wounds, poten-
tially limiting the applicability of research findings to
real-world diabetic wound care. To minimize these dif-
ferences, we induced diabetic conditions before creating
wounds. Other limitations may include the constraints
of the animal model used, the duration of the study, or
the range of parameters measured.

Conclusion

In conclusion, the current study found that H. helian-
themoides, at two different dosages (5 and 10%), has
a strong potential in full-thickness wound healing and
could accelerate its process in diabetic and non-diabet-
ic rats, which is most likely related to anti-inflammato-
ry combinations such as flavonoids (i.e. quercetin and
Amentoflavone), hyperforin, and pseudohypericin in
this plant. While our findings provide promising insights
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into the efficacy of H. helianthemoides in wound healing,
particularly in diabetic patients, they also pave the way for
more comprehensive research. Future studies should build
upon these findings by exploring the broader potential of
H. helianthemoides in wound management across various
patient demographics and clinical settings.
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