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Abstract

Hesperidin is a type of bioflavonoid that is found in large amounts in citrus fruits. Besides its famous advantages
for heart health, type II diabetes management, and reducing inflammation, recent research has shown that
hesperidin offers various benefits for skin health. These include helping with wound healing, protecting against
UV damage, fighting inflammation, acting against harmful microbes, reducing the risk of skin cancer, and
lightening the skin. Additionally, hesperidin improves the balance of the skin's protective barrier in both young
and older skin. Hesperidin helps skin functions in several ways. It acts as an antioxidant, blocks certain signaling
pathways, and promotes the growth, development, and production of lipids in the outer skin layer. Due to its
affordability, easy accessibility, and excellent safety profile, hesperidin may be beneficial for treating various
skin conditions.

1. Introduction

No other organ in the human body has garnered as much interest as the skin, due to its importance in both beauty
and health. On average, American women spend about $8.00 a day on facial care for cosmetic reasons (1). In
2017, the value of skin care product sales in China surpassed $26 billion each year. Recent research has found
that using specific skin care products on the skin can provide several advantages for both long-term skin issues
and skin damaged by the sun, as well as offering antimicrobial and anti-inflammatory effect (2). As the popularity
of skin care products grows, a lot of effort has been put into finding ingredients that offer various benefits for
the skin when creating these products [3-7]. Since skin can experience as many diseases as any other organ in
the body, it is crucial to manage skin conditions effectively. Throughout our lives, everyone will likely experience
skin issues at some point. This is because our skin constantly interacts with the environment, which makes it
more susceptible to outside physical, chemical, and microbial challenges. Besides affecting the mental and social
well-being of patients and their families, some chronic skin conditions can also lead to the onset of other health
issues in the body. For instance, both psoriasis and eczematous dermatitis raise the levels of proinflammatory
cytokines in the blood [8-10], which seem to contribute to the development of cardiovascular diseases, obesity,
type II diabetes, and Alzheimer’s disease [11-14]. Due to its large area, even minor inflammation in the skin can
significantly raise the levels of cytokines in the blood. This increase may be related to some disorders that come
with age [12-15]. Because of the intricate nature of skin functions and the chance of developing various skin
issues, it’s highly preferred to use ingredients that offer multiple benefits for the skin. When looking for these

ingredients, hesperidin seems to be a promising option. Research has shown that using hesperidin on the skin or
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taking it systemically can improve different skin functions in both healthy and affected skin. In this review, we
provide a thorough overview of the advantages of hesperidin for skin functions.

2. Origins and Chemical Characteristics of Hesperidin

Hesperidin was initially extracted from the inner part of orange peels in 1828. Hesperidin, along with other
related bioflavonoids, used to be known as "vitamin P" (as discussed in [16]). Hesperidin is found in large
quantities in citrus fruits such as lemons, oranges, limes, and grapefruits. The amount of hesperidin found in
citrus fruits differs significantly depending on the species, the specific part of the fruit, where it is grown, and
how it is processed (Table 1) [17-22]. For instance, fresh Satsuma pulp contains 73 mg of hesperidin per
kilogram, while the fresh peel has 157 mg per kilogram [20]. Typically, the amount of hesperidin is greater in
citrus peels compared to other parts of citrus fruits. However, lemon seeds have a higher amount of hesperidin
compared to the peel when extracted using methanol. Freshly squeezed orange juice from Florida has between
335 and 351 mg of hesperidin per liter, while Ortanique citrus juice from Israel contains 273 to 287 mg per liter
[24]. Juice from colorful citrus fruits has a higher amount of hesperidin compared to juice from citrus fruits that
lack pigment [25]. Immature citrus fruits probably have higher levels of hesperidin compared to ripe citrus fruits
[26]. Heating citrus juice through pasteurization did not reduce the hesperidin levels, even when the juice was
stored at 4°C for as long as 12 days. Instead, the amount of hesperidin rises when citrus juice is pasteurized at
90°C for 20 seconds [27]. The amount of hesperidin varies in citrus juice, with single-strength juice containing
between 555 and 761 mg per liter, while concentrated juice has between 470 and 614 mg per liter [28]. This
indicates that the method used for processing the juice influences its hesperidin levels. Besides citrus fruits,
peppermint (Mentha x piperita L.) also has hesperidin, and its levels rise when exposed to UVB light [29]. The
methanol extract from Porphyra dentata, a type of red edible seaweed, has 5% hesperidin [30 ].

Table 1. "The amount of hesperidin found in citrus fruits."

Variety Location of| Extraction solvent | Peel (mg/g dried) Ref

horticulture
C. reticulate | Shimen Mehanol 74.236 £ 0.845 [17]
“Erythrosa” County,

Hunan,

China
C. reticulate | Meijiang, 50% Method 42 [18]
“Chachi” Jiangmen,

Guangdong,

China
C. Sinensis| North off Petrolatum  ether | 5.2-6.2 [19]
(linn.) Osbeck Iran first, followed by

methanol

C. reticulate | Neretva 1.2M HCI in 80%]| 0.47 [20]
Blanco Valley, methanol/water

Croatia
Pulp removing | Adana, Turkey *81.5 £ 12.7mg/litter [21]
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3. Safety

Hesperidin is usually considered safe for use on the skin and when taken into the body. Applying 2% hesperidin
on the skin of mice for 9 days did not lead to any harmful skin reactions [32]. In a similar study, rats that were
given Daflon-500 mg, which has 10% hesperidin, at a daily dose of 100 mg did not exhibit any signs or symptoms
of side effects [75]. Similarly, feeding diets that included either methyl hesperidin or hesperidin to mice and rats
did not result in any noticeable side effects or symptoms [76,77]. Additionally, researchers did not notice any
negative effects in mice that received daily intraperitoneal injections of phosphorylated hesperidin at a dose of
20 mg/kg body weight for more than 4 weeks [78]. While one study indicated that taking Daflon-500 mg orally
twice a day for 60 days led to slight, temporary side effects like headaches and dizziness [79], other research has
confirmed that oral Daflon-500 mg is safe for people [80, 81].

4. Advantages of Hesperidin for Skin Health

Hesperidin, which is also referred to as lemon peel extract or orange peel extract, is a naturally occurring
flavonoid found in citrus fruits, particularly in the peels of lemons and oranges. In skin care, hesperidin can be
found as a white or clear crystalline form. Research indicates that it can offer antioxidant and calming benefits,
which together help enhance and brighten the skin's appearance. Hesperidin’s antioxidant properties work to
neutralize free radicals found in the environment. This reduces the amount of reactive oxygen species in the skin,
which can help enhance the skin's brightness. When applied to the skin, hesperidin has a calming effect and
strengthens the skin's barrier to keep it protected. Consequently, skincare items like creams and ointments
frequently include hesperidin in their formulas to help soothe dry skin.

Today, people recognize the health benefits of bioflavonoids, such as hesperidin. Many studies have shown that
taking hesperidin systemically can help with various diseases, such as heart disease, diabetes, Alzheimer's
disease, and cancer [82-88]. Similarly, the advantages of hesperidin for different skin conditions have been
clearly demonstrated (see Table 2).
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Table 2. Advantages of Hespiridin on cutaneous functions.

Animal Therapy Advantages Procedure Ref.

Young mice Apply a 2%| Rapid recovery | "Increased [31]
hesperidin from obstacles growth; enhanced
solution to the expression of
skin two times a filaggrin; and
day for six days. greater secretion

of lamellar
bodies."

Old mice Apply a  2%]| Rapid recovery | "Increased [32]
hesperidin from obstacles growth; enhanced
solution to the expression of
skin two times a filaggrin; and
day for nine days. greater secretion

of lamellar
bodies."

Mice with| One hour after | Rapid barrier "Increased [33]

glucocorticoid applying  0.05% | recovery growth; enhanced

treatment clobetasol expression of
propionate, | Decreased surface| filaggrin; and
2% hesperidin ph greater secretion
was used. The of lamellar
treatments ~ were bodica:
administered two
times a day for a
total of 9 days.

4.1 Function of the Epidermal Permeability Barrier

The epidermal permeability barrier, located in the outer layer of the skin called the stratum corneum, stops
substances and water from passing through this layer. Recent research shows that the epidermal permeability
barrier is vital in the development of skin diseases and may also impact systemic disorders [89-91].
Consequently, skincare product manufacturers have been working hard to create items that can effectively
enhance the skin's barrier function. Due to the frequent occurrence of negative skin reactions to skincare
products, it's becoming crucial to find safe and effective ingredients [92-93]. Our team showed that applying 2%
hesperidin to the skin of young mice two times a day for 6 days helped speed up the recovery of the skin's barrier
after it was disrupted. However, the basic levels of water loss through the skin, moisture in the outer layer, and
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the acidity of the skin's surface did not change [31]. Older skin shows a slower recovery of the permeability
barrier and has a higher skin surface pH [94,95], which may both play a role in causing some disorders linked to
aging. There are few treatments available that can enhance the skin's barrier function, especially at the genetic
level. One study found that applying a 2% hesperidin solution to the skin twice a day for 9 days significantly
sped up the recovery of the skin's barrier and notably lowered the skin's surface pH in older mice [32]. Besides
healthy skin, applying topical hesperidin can also stop issues with the skin's barrier that are caused by using
topical glucocorticoids in mice. For instance, using glucocorticoids on the skin multiple times slowed down the
healing of the skin barrier. When hesperidin was applied to the skin of mice after each glucocorticoid treatment,
it helped to fix problems with how well the skin could recover and balanced the skin's surface pH [33]. There
were no negative reactions noticed after applying hesperidin on the skin. Overall, these studies show that
applying hesperidin on the skin helps to improve the barrier function of the outer layer of skin in both healthy
skin and skin affected by glucocorticoids.

4.1 Damage to the Skin Caused by UV Rays

Since the skin is the body's outer layer, it is more exposed to ultraviolet (UV) rays, which can cause photoaging
and other skin problems like actinic keratosis and skin cancer [96,97]. So, protecting yourself from UV rays can
help stop or reduce skin damage caused by the sun. A study found that treating keratinocytes with 50 uM
hesperidin can reduce the rate of cell death caused by UVB exposure by more than 70% when compared to
keratinocytes that were not treated with any medication. Besides UVB, hesperidin can also shield keratinocytes
from harm caused by UVA [34]. Sure! Please provide the text you'd like me to paraphrase. According to a report,
treating keratinocytes with hesperidin for 24 hours led to a dosedependent rise in the survival of UVA-irradiated
keratinocytes [35]. Treating keratinocytes with hesperidin at a dose of 220 pg/ml greatly lowered the oxidative
stress caused by UVA and decreased the levels of proinflammatory cytokines. These findings show that
hesperidin helps shield keratinocytes from damage caused by both UVA and UVB rays. UVA has a wavelength
of 320-400 nm, and it can go deep into the dermis. This repeated exposure can cause the skin to age early, a
process known as photoaging. It seems that hesperidin can also reduce the damage caused to fibroblasts by UVA
rays [36]. Hesperidin breaks down into hesperetin thanks to the gut microbiota, and [38] the large intestine
absorbs it through passive transport [39]. Hesperidin helps shield cells from damage caused by UV light in lab
tests, and it also guards the skin from UV damage in real-life situations. Applying topical hesperidin to mouse
skin before exposure to UVB rays might stop the rise in skin cytokine levels-and reduce lipid peroxidation. It
also boosts the production of antioxidant enzymes like glutathione peroxidase-1, glutathione reductase, and heme
oxygenase-1 in mouse skin after one or more UVB exposures. Moreover, applying hesperidin on the skin
significantly stopped UVB rays from causing redness, swelling, and growth of the outer skin layer [39,40].
Additionally, giving hesperidin methyl chalcone directly into the abdomen can stop the decrease in antioxidant
levels and the increase in skin cytokine levels and myeloperoxidase activity caused by UVB rays [41]. A study
from [42] showed that drinking water with hesperidin every day helped reduce several skin problems caused by
repeated UVB exposure. These problems included a weakened skin barrier, more wrinkles, higher levels of
cytokines, and increased expression and activity of matrix metalloproteinase-9. Additionally, applying hesperidin
on the skin of mice before exposure could help improve the repair of DNA damage caused by UVB rays [43]. In
the end, applying topical hesperetin reduced trans epidermal water loss by about 50% in guinea pigs that received
repeated UVB exposure [44]. Both topical and oral forms of hesperidin can work together to shield the skin from
harm caused by UVA and UVB rays.

4.3 Melanin production

Skin whitening is a very popular beauty trend, especially in Asia. Hesperidin has been used for a long time as a
skin whitening ingredient, but there is some disagreement about how it affects the process of melanogenesis.
Research found that treating murine B16-F10 melanoma cells with 20 pg/mL of citrus extract (which had 362.3
+ 16.7 pg/mL of hesperetin) led to a onefold rise in melanin levels. Additionally, using hesperidin by itself
boosted melanin content by more than 20% [45]. In the same way, a concentration of 50uM hesperetin raised the
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melanin levels by more than 80% in B16-F10 melanoma cells from mice. In contrast, other research showed that
hesperidin had no impact on melanin production in B16F10 murine melanoma cells [47-49]. Most other research
found that both citrus extract and hesperidin slowed down the production of melanin in mouse B16-F10
melanoma cells and human melanocytes [36-54,50-53]. For instance, when treated with 50uM hesperidin for 48
to 72 hours, there was a 60% decrease in melanin levels in mouse B16-F10 melanoma cells and about a 30%
decrease in human melanocytes [50]. Applying a 0.2% hesperidin solution to rebuilt human skin for 14 days
lowered the pigment by about 25%. Also, using hesperetin on the skin, which comes from hesperidin, helped
reduce skin darkening caused by UVB exposure. Topical use of hesperidin and its metabolite can lessen skin
pigmentation in both healthy skin and skin that has been exposed to UVB rays.

4.2 Skin gash healing

Skin wounds are quite common, but treating them can be difficult, especially in cases like diabetic and venous
wounds. Several studies have shown that hesperidin speeds up the healing of wounds both in lab settings and in
living organisms. [54] A study found that when a culture medium with 0.05% hesperidin was added for 24 hours,
it sped up wound healing by 39% compared to the control group in lab scratch tests. In diabetic rats, wounds
nearly healed completely (97%) after being given 100 mg/kg of hesperidin by mouth for 21 days. In contrast,
the wounds in the control group that received no treatment did not close at all [55]. In diabetic rats, taking
hesperidin by mouth helped with wound healing and improved other markers, like blood sugar and glycated
hemoglobin, just as well as insulin treatments did [56]. In addition to treating diabetic wounds, healing wounds
in people with venous insufficiency can also be challenging. The healing times for wounds were about the same
for patients who took oral diosmin/hesperidin (450/50 mg) and those who received pycnogenol [57]. However,
after two months of treatment, a higher percentage of patients in the diosmin/hesperidin group were completely
healed compared to those who received a placebo, with 32% healed in the first group and only 13% in the second
[58]. In addition, using hesperidin either on the skin or by mouth helped wounds heal about 3 days faster in mice
that were exposed to gamma rays [59,60]. These findings show that applying hesperidin on the skin or taking it
by mouth can speed up the healing of skin in different situations.

4.3 Irritation and Infections

Research has shown that flavonoids can help reduce both overall and specific types of inflammation [98,99].
Since nitric oxide acts as an inflammatory mediator, people frequently use it.as a marker to assess the body's
inflammatory response. An in vitro study showed that when mouse RAW 264.7 cells were treated with
lipopolysaccharide (LPS) for 24 hours, the nitrite levels increased by more than nine times. Adding hesperidin
(250 pg/ml) to the culture medium reduced nitrite levels by about 75% in cells treated with LPS [30].[61]
conducted a similar study that focused on hesperetin and its breakdown products." The findings indicated that
when RAW 264.7 cells were stimulated with LPS, there was a considerable rise in both nitric oxide and the
mRNA levels of inducible nitric oxide synthase. However, when RAW 264.7 cells were incubated together with
LPS and 10 uM of the hesperetin metabolite, both levels significantly dropped. Interestingly, hesperetin at a low
dose of 1uM reduced the levels of nitric oxide and the mRNA for inducible nitric oxide synthase. However, when
hesperetin was given at a dose of 10uM, it did not have any effect. The skin acts as the body's first defense
against outside things. Keratinocytes can create and release proinflammatory cytokines when they are stimulated
[90]. Hesperidin can reduce the production of cytokines in cultures of keratinocytes. For example, before
exposing cells to H202 (100 uM), treating keratinocytes with hesperidin (20 pg/ml) for 2 hours could reduce the
production of IL-8 and TNFa by 96% and 78%, respectively [62]. The levels of cyclooxygenase-2 (COX-2)
protein and mRNA in keratinocytes dropped significantly when they were treated with hesperidin along with
H202, compared to those treated with H20O2 alone. Research shows that hesperidin can also stop the production
of cytokines caused by bacterial pathogens. When keratinocytes were treated with both Propionibacterium acnes
and 55 pg/mL of hesperidin for 24 hours, they showed a 49% decrease in IL-8 production and a 71% decrease
in TNFa production [63]. These reductions were similar to those seen with dexamethasone treatment.
Additionally, treating hesperidin methyl chalcone (0.2 mg/ml) before the experiment significantly reduced the

IJCRT2508045 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.orqg | a358


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 8 August 2025 | ISSN: 2320-2882

number of dilated blood vessels by 48%, lowered the total area of the vessels by 72%, and decreased the
production of IL-8 by 79% in human skin samples after being stimulated with substance P [64]. Thirty minutes
before the subcutaneous injection of 1% carrageenan, injecting hesperidin at doses of 50 and 100 mg/kg
decreased the swelling in the paw by 47% and 63%, respectively, within 5 hours [65]. Hesperidin, given at a
dose of 100 mg/kg, reduced dextran-induced swelling by 33%. The effectiveness of hesperidin on swelling was
similar to the results achieved with oral indomethacin at a dose of 10 mg/kg. However, hesperidin did not stop
the swelling in the paw caused by histamine. "Pelzer and others." A study found that giving hesperidin through
an injection into the abdominal cavity could reduce swelling in the paw caused by carrageenan by 36 to 40%
within 7 hours. One hour before causing swelling in the paw with carrageenan, giving hesperidin (40 mg/kg of
body weight) by mouth reduced the swelling by 50%, 51%, 63%, and 77% at 1, 2, 3, and 4 hours, respectively.
In comparison, indomethacin (10 mg/kg) cut down the swelling by 65%, 71%, 72%, and 74% at the same time
points [67]. These findings show that hesperidin can stop and help treat skin inflammation caused by different
factors.

4.4 Skin cancer

Besides its prevention and treatment advantages for other types of cancer[100,101], research indicates that
hesperidin and its breakdown products also help skin cancers. Sure! Please provide the text you'd like me to
paraphrase. A study found that when A431 cells were treated with hesperetin at a low concentration of 10 uM, it
caused DNA fragmentation [68]. This treatment also led to a significant rise in the expression of Bax, which is
a protein linked to cell death, while decreasing the levels of cyclin B1, D1, D3, and El proteins by more than
double. A related study showed that when A431 cells were treated with 10 uM hesperidin, there was more than
a 10-fold increase in cell death and DNA damage [69]. A study conducted in living organisms showed that
hesperidin can stop skin tumors from forming. For instance, giving a daily subcutaneous injection of 125 pul of
1% hesperidin one week before starting skin tumor treatment with topical 12-O-Tetradecanoylphorbol-13-acetate
(TPA) led to a 50% decrease in tumor occurrence and a 48% drop in the number of papilloma per mouse after
20 weeks of TPA use [70]. So, hesperidin might be a good option for preventing and treating skin cancers.

4.5 Other skin functions

Research also shows that hesperidin has advantages for other skin functions. Taking hesperidin by mouth 30
minutes before exposure to y rays increased the levels of mRNA for vascular endothelial growth factor by more
than 25 times [102]. Hesperidin showed it can fight germs, including common ones that cause skin infections
like Staphylococcus aureus, Candida albicans, Candida tropicalis, and Streptococcus pyogenes. The lowest
amount needed to stop both Candida albicans and Staphylococcus aureus was 8.25% [103— 106]. A study on
people found that taking 500 mg of hesperidin by mouth every day for 28 days significantly improved facial
smoothness. It also showed a 33% decrease in beta-galactosidase, which is a marker of aging, over a period of 6
months[107].

5. Mechanisms

While there is evidence that hesperidin helps with various skin functions, the exact ways it works are not yet
fully understood. Hesperidin and its metabolite seem to work through different methods, depending on the
specific role that hesperidin is influencing.

5.1 Enhancements in the Function of the Epidermal Permeability Barrier

The creation of the epidermal permeability barrier is carefully controlled by several functions of keratinocytes.
These include their growth, development, production of lipids, acid levels, and the expression of antimicrobial
peptides. In young mice, applying hesperidin on the skin mainly increased the levels of filaggrin and encouraged
keratinocyte growth [108]. In contrast, in older mice, using topical hesperidin raised the levels of various mRNA
linked to the skin's barrier function. This included sodium/hydrogen exchanger (NHE1), secretory phospholipase
A2 (sPLA2), proteins related to skin cell development (filaggrin, involucrin, and loricrin), enzymes that help
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make lipids (fatty acid synthase and 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase), and a lipid transport
protein (ATP-binding cassette subfamily A member 12)[32].

In mice with skin treated with glucocorticoids, applying hesperidin significantly boosted the levels of filaggrin
protein and the mRNA for glutathione reductase. It also enhanced the activity of B-glucocerebrosidase and
increased skin cell growth[33]. Therefore, the way that topical hesperidin helps to enhance the skin's barrier
function might be due to its ability to boost these processes, which can vary based on the condition of the skin.

5.2 Shielding from UV rays

UV rays harm the skin in three main ways: they create oxidative stress, break down DNA, and trigger
inflammation. Nuclear factor erythroid 2-related factor 2 (Nrf2) plays a key role in controlling the antioxidant
system within cells [109,110]. A lack of Nrf2 speeds up photoaging and inflammation [111,112] caused by UV
radiation. On the other hand, turning on Nrf2 can help protect against cell death and inflammation triggered by
UV exposure[113,114]. Besides increasing the Nrf2 expression in old rat hearts, methyl hesperidin, which is a
modified version of hesperidin, helped move Nrf2 from the cytoplasm into the nucleus[115]. This action led to
an increase in the expression of genes related to antioxidants and a decrease in reactive oxygen species. As a
result, it protected skin cells from damage caused by UVB rays in lab cultures[116]. The decrease in DNA
damage and cytokine levels caused by hesperidin seems to result from lower oxidative stress in keratinocytes
exposed to UV light [34,35]. Additionally, hesperidin reduced the rise in phosphorylation levels of mitogen-
activated protein kinase (MAPK) and extracellular signal-regulated kinases (ERK) caused by UVB exposure in
mice [42]. Therefore, the UV protection of hesperidin likely comes from increasing antioxidants and decreasing
the activity of the MAPK/ERK signaling pathway.

5.3 Melanin production

Skin color comes from two main processes: the creation of melanin and the movement of melanosomes. Proteins
that play a role in melanogenesis are tyrosinase, tyrosinase-related proteins (TRP), and the
microphthalmiaassociated transcription factor (MITF). Increasing the expression levels of tyrosinase, TRPs, and
MITF can boost melanin production [117,118]. Several studies showed that hesperidin reduced the expression
and activity of tyrosinase, TRPs, and MITF in B16 mouse melanoma cells as well as in human melanocytes
[36,50-52]. Additionally, hesperidin may trigger the o adrenergic receptor, causing the melanophores in B to
clump together. Melanostictus indicates that the skin lightening caused by hesperidin happens through the
adrenergic receptor [119]. Another way that hesperidin can lighten skin might be due to its ability to block the
transport of melanosomes in melanocytes, rather than stopping the production of melanin[49]. Hesperidin
brightens the skin by stopping the production of melanin and the movement of melanosomes.

5.4 Skin wound healing

Wound healing includes the processes of cells multiplying, moving, and forming new blood vessels. The
activation of tumor growth factor beta (TGF-

) signaling and the expression of vascular endothelial growth factor (VEGF) are important for healing wounds
and restoring the skin's protective barrier[120-123]. Research demonstrated that giving hesperidin orally at a
dose of 50 mg per kg of body weight raised the levels of TGF-B and VEGF-c mRNA expression by more than
two times in a diabetic model using Sprague Dawley rats[55]. Moreover, the levels of mRNA for VEGF receptors
went up after taking hesperidin orally at a dose of 50 mg for every kilogram of body weight [56]. Oxidative
stress can slow down the healing of wounds in both people with diabetes and those without it. On the other hand,
antioxidants can help wounds heal better[124-126]. In diabetic rats, taking hesperidin by mouth greatly boosted
the levels of SOD and GSH in the skin while lowering the MDA levels. This also sped up the healing of skin
wounds, showing that hesperidin’s antioxidant qualities help speed up skin healing[55,56]. The body needs an
inflammatory response to heal wounds in the early stages. Using cytokines like recombinant human granulocyte-
macrophage colonystimulating factor on the skin can speed up the healing of wounds [127-129]. Too much
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inflammation can slow down the healing process of wounds and may lead to the formation of scars [130]. As a
result, reducing inflammation might speed up the healing of skin wounds [131,132]. Hesperidin reduced the
levels of cytokines like TNFa, IL-6, and IL-8 in both rat skin and cultures of human skin cells. In summary, the
way hesperidin speeds up the healing of skin wounds is due to its ability to increase the levels of VEGF, boost
antioxidant enzymes, and reduce inflammation.

5.5 Reduction of Inflammation

Inflammation develops through a complicated process that includes the interactions of several molecules in
different signaling pathways, such as the p38 mitogen-activated protein kinase (MAPK) pathway [133]. Blocking
the p38 MAPK signaling pathway can significantly reduce the levels of IL-1pB, IL6, IL-8, IL-18, and TNFa in
cultures of macrophages and in mice [134,135]. A study found that treating keratinocytes with hesperidin for 2
hours before H202 stimulation led to more than a 50% decrease in NF-kB and phosphorylated p38 MAPK levels
compared to those that did not receive hesperidin treatment. In a similar way, treating mouse RAW 264.7 cells
with the hesperetin metabolite almost fully brought down the rise in NF-xB expression caused by
lipopolysaccharide. It also decreased the levels of phosphorylated p38 MAPK and c-Jun N-terminal kinase 1/2
[61]. So, the way hesperidin blocks the p38 MAPK signaling pathway might help reduce inflammation.

5.6 Managing Skin Cancers

Research has shown that hesperidin and its metabolite have anticancer effects both in lab tests and in living
organisms [68-70]. However, the exact ways these effects happen are still unclear. [69] A study found that
treating A431 human skin cancer cells with hesperidin (25 pM) for 72 hours caused more than a 1-fold increase
in reactive oxygen species. It also led to a 40% decrease in the ATP levels inside the cells and an 80% drop in
the amount of SOD. Research using different cell lines has shown that hesperidin can trigger stress in the
endoplasmic reticulum and activate the activities of caspase-9, caspase-8, and caspase-3 [136-138]. Additionally,
the TGFB-Smad signaling pathway, especially Smad3, is important in the growth of some types of cancer [139-
140]. A previous study showed that giving hesperidin (100 mg/kg of body weight) by mouth for 18 weeks stopped
the TGFB-Smad3 signaling and helped prevent the growth of liver cancer [141]. Additionally, multiple studies
have shown that lowering the creation of micronuclei might help explain the cancer-fighting benefits of
hesperidin, especially in certain models of cancers caused by chemicals. The protection from DNA damage
caused by gamma rays that Hesperidin provides might also be because it lowers the creation of micronuclei.
Hesperidin can also boost the death of cancer cells by increasing the expression of peroxisome
proliferatoractivated receptor y. The signaling pathways that play a role in how hesperidin fights cancer include:
(a) blocking the Janus kinase/signal transducer and activator of transcription (JAK/STAT) pathway, which, when
active, can boost the growth, spread, and invasion of cancer cells; (b) preventing the activation of the
phosphatidylinositol-3-kinase (PI3K)/Akt and the mammalian target of rapamycin (mTOR) pathways, both of
which are important for the growth, survival, invasion, and spread of cancer cells when they are turned on; and
(c) triggering the Notch pathway, where activating Notch receptors causes Notch to move into the nucleus and
attach to specific genes, leading to increased cell death (apoptosis) [142]. Certainly! Other signaling pathways,
including MAPK-ERK, Wingless, INT-1, NF-kB, and cyclooxygenase-2, have also been suggested to play a role
in how hesperidin helps prevent and block cancers [142]. So, the cancer-fighting effects of hesperidin probably
happen through several ways. These include blocking the TGFB-Smad3, PI3K/Akt, and JAK/STAT signaling
pathways, activating the Notch pathway, lowering ATP levels, and triggering cell death.

5.7 Antioxidation

Oxidative stress is connected to the onset of many different disorders [143,144]. As stated earlier, Nrf2 plays an
important role in controlling the antioxidant system [109,110]. Under normal conditions, Nrf2 exists as a
complex with Keapl in the cytoplasm and gets broken down in the proteasome. When oxidative stress occurs,
Nrf2 detaches from Keapl and moves into the nucleus. In the nucleus, Nrf2 attaches to the antioxidant response
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element (ARE) in the gene promoter area. This process activates gene transcription, which includes enzymes
that help scavenge reactive oxygen, such as superoxide dismutase, glutathione peroxidase, glutathione reductase,
catalase, and heme oxygenase 1 [109,145]. These enzymes are essential for protecting cells from oxidative
stress. Earlier research has demonstrated that hesperidin and its byproduct, hesperitin, can boost Nrf2 levels
while promoting the breakdown of Keap1. This leads to more Nrf2 moving into the nucleus, which helps produce
antioxidant enzymes and decreases oxidation [109,146-148]. Therefore, the antioxidant qualities of hesperidin
play a big role in its advantages for the skin. In conclusion, using hesperidin on the skin or taking it in other
forms seems to help various skin functions through different ways. Consuming citrus juice or products that
contain hesperidin might help improve skin functions. "To confirm the advantages of hesperidin for skin issues,
we need to conduct proper clinical trials."

Abbreviations

VEGF: Vascular endothelial growth factor
SOD: Superoxide dismutase

GSH: Reduced glutathione

MDA: Malondialdehyde

TGF-B: Transforming growth factor beta

MAPK: Mitogen-activated protein kinases.
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