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Abstract

Areview of the literature shows that bruises impair the aesthetic appearance of the skin. At the same time, official medicine has no
cure for urgent skin discoloration in the area of bruises. Attention is drawn to the fact that alkaline hydrogen peroxide solutions
effectively decolorize blemishes and the traces of blood by local interaction under in vitro and in vivo conditions. It has been shown
that the main ingredients of these solutions are water, hydrogen peroxide, and sodium hydrogen carbonate. Some products have
been developed for bleaching blood stains and marks on textiles, bandages, skin, nails, and inside the skin in the area of bruises.

Here, the leading medical technologies for whitening cosmetic products are reviewed.
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1. Context

A bruise is an inner area of the skin stained by blood
spilling from blood vessels, commonly referred to as a
black and blue spot (1). Since ancient times, bruises have
been well known to humankind, as they are mentioned in
sacred texts of all major religions (2). It is also known that
a fresh bruise initially has a red color, and then it becomes
successively blue, yellow, or green and disappears entirely
in 5 - 8 days. Therefore, the color of the bruise can be used
todetermine how old itis (3-5). The skin in the bruised area
is stained with blood because of the high content of red
blood cells (6, 7), which have a red color due to a pigment
protein, hemoglobin. However, the color of hemoglobin
may change. For example, hemoglobin bound to oxygen is
brightred, and hemoglobin bound to carbon dioxide takes
on a dark cherry color (2). Hemoglobin color changes oc-
cur only in the living red blood cells.

When live red blood cells penetrate the skin and subcu-
taneous fatty tissue, the plasma surrounding these cells is
absorbed into the blood. The red blood cells are deprived
of this natural nutrient medium, leading to gradual death
and rupture. Hemoglobin remains unchanged for some
time, but once the red blood cells rupture, this protein is
not protected anymore by the red blood cell membrane
from other cells and enzymes. As a result, hemoglobin out-
side the erythrocytes is metabolized, converting sequen-
tially into different metabolites that retain their pigments
with colors from dark cherry to yellow. It is thought that
bruises change color because residual blood in the skin

is gradually absorbed by the tissues or cleared by the im-
mune system (3).

In cases where bruising is combined with traumatic in-
jury and soft tissue inflammation, a trauma diagnosis is
made, and anti-inflammatory and local anesthetic medica-
tions are used. When bruising is not accompanied by trau-
matic soft tissue injury, a medical diagnosis is not made,
and no medications are prescribed. However, bruises cre-
ate aesthetic problems on the face or other visible areas of
the skin. Therefore, regardless of traumatic soft tissue in-
jury, these bruises are temporarily resolved with cosmetic
makeup applying powder and/or cream (2).

2. True Bruising as Aesthetic Problem

Bruises impair the aesthetic appearance of the skin,
but not for long. No one doubts that any bruise will dis-
appear on its own in an average of a week. However, in
some cases, there is an urgent need to correct this aesthetic
problem earlier than expected, and sometimes drastically.
At the same time, there are no unique cosmetic products
for this aim. Therefore, women usually use ordinary cos-
metic powder and ordinary cosmetic creams (8). Staining
the skin over the bruise with cosmetic dye temporarily re-
stores the aesthetic appearance. Official medical science
has not recognized bruising as an independent disease,
and there is no official standard of care for bruising (2, 9,
10). Official cosmetology and dermatology offer no cures
for the urgent discoloration of bruises (2, 9, 11).
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It is different when a bruise is accompanied by pain.
This occurs when bruises are caused by hitting a hard blunt
object, trauma, and wounds (12). In such cases, mechani-
cal trauma causes damage to the blood vessels, bleeding,
skin staining, and bruise formation. Moreover, mechanical
compression and damage to soft tissues located under the
skin in the place of contusion occur, leading to the inflam-
mation and soreness of the injured soft tissues. Therefore,
anti-inflammatory drugs and/or local anesthetics may be
used in these cases (13-15). However, many are still unaware
that blood staining of the skin or bruising is entirely dif-
ferent and independent from traumatic damage to soft
tissues accompanied by inflammation. Forensic medical
examinations still rely on the classification of bruising,
which unknowingly substitutes the classification of the
danger of mechanical damage to the soft tissues for the
health of victims (2, 9). Therefore, it is believed that anti-
inflammatory agents and|/or local cooling should be used
to prevent and treat bruising (16).

It has been proven that sometimes bruises occur with-
out soft tissue damage and are not inflamed. For example,
bruises may be observed at the injection site (17, 18). There-
fore, such bruises do not cause physical suffering. These
results suggested that human blood, which changes the
skin color in the bruised area, does not have a local irri-
tant effect (19). True bruising, defined as skin staining with
blood without traumatic injury to the skin or other soft
tissues, is not a health hazard. Therefore, it is not con-
sidered a disease and does not require medication. How-
ever, bruises tarnish the color of the skin for several days
and often cause aesthetic problems. To solve these aes-
thetic problems occurring with bruises on the face or other
visible areas, people have to use their home remedies be-
cause the official pharmacy and pharmacology offers no
medications, hygienic measures, or cosmetics for the ur-
gent discoloration of bruises (20, 21). Ancient manuscripts
on remedies also lack information on the discoloration of
bruises (2).

3. Bruise with Traumatic Injury and Soft Tissue Inflam-
mation

As mentioned, bruising may or may not be accompa-
nied by traumatic injury and local soft tissue inflamma-
tion. When there is traumatic soft tissue injury, reactive
inflammation develops in the skin in the area of injury,
which may disappear or transform into true inflammation
of varying severity depending on the intensity of the trau-
matic soft tissue injury. Therefore, inflammation may be
reversible and/or irreversible. In any case, it usually in-
volves not only the subcutaneous fatty tissue, muscles, and
ligaments that have sustained a traumatic injury but also
the skin in the area of the bruise, regardless of the presence

of mechanical damage. Therefore, hitting a solid blunt ob-
ject causes local hyperemia, hyperthermia, swelling, and
pain without bruising. The cause of inflammation symp-
toms in the skin bruise is not the blood soaked into the skin
but inflammatory mediators appearing in the skin from
damaged and inflamed soft tissues. Moreover, traumatic
soft tissue injury can be of different severity. Mild injury
causes local reactive inflammation of a reversible nature,
which can disappear without a trace in a few minutes or
hours. In severe soft tissue damage, the inflammation be-
comes irreversible, the damaged tissues die, and a scar is
formed in their place. In this regard, local hyperthermia in
the bruised area develops only when trauma causes dam-
age and inflammation of the soft tissues. Such local tem-
perature dynamics have been observed with a thermal im-
ager in the skin of the back. For example, when a police ba-
ton hits the back or when the skin is pinched together with
the subcutaneous soft tissues in a healthy adult volunteer
(19).

A similar pattern was found when observing the local
temperature dynamics in the area of post-injection bruises
using thermal imaging. The rupture of a blood vessel with
an injection needle and/or intradermal blood injection
was found to cause a hematoma, but not local inflamma-
tion and local hyperthermia (18). At the same time, blood
spilling from the blood vessels into the surrounding tis-
sues, including the skin, has been found to be safe for these
tissues.

The identified relationship between true bruising
(without symptoms of local inflammation) and the local
inflammation of the damaged tissues (with a symptom
of local inflammation, including local hyperthermia) al-
lowed us to develop a new differential diagnosis method.
For this aim, infrared monitoring of local temperature dy-
namics utilizing a thermal imager was suggested. Studies
have shown that infrared imaging provides the differen-
tial diagnosis of non-inflamed bruises (true bruises) and
inflamed bruises (bruises combined with traumatic injury
and soft tissue inflammation). The novelty of this method
led to the development of two inventions: “Persons in-
frared differential express-diagnostics of bruising and in-
jury of soft tissues” (patent RU No. 2577510) and “The in-
frared tomography of body surface for the forensic medi-
cal examination of living people” (patent RU No. 2581718).

4. Drug Solutions that Whiten the Skin in the Area of
Bruises

The discovery of the basic “mystery” of bruises en-
sured the successful development of medications that
rapidly decolorize the uninflamed bruises. The ability of
medicines to bleach hemoglobin has been emphasized be-
cause hemoglobin and its color metabolites are the pri-
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mary pigments in the bruised area (21). Today, a new group
of medications has been discovered that urgently bleaches
the skin and many other blood-soaked tissues. The dis-
covery of these medicines closed a white hole in aesthetic
pharmacology, hematology, dermatology, and cosmetol-
ogy (2).

In real life, bruises always have aesthetic significance.
Bruises on the visible parts of the body annoy people not
by inflammation and pain but by worsening the aesthetic
aspects because of discoloration in the skin area. As a re-
sult, in the case of non-inflamed bruises, people have long
sought to improve the aesthetic results quickly. At the
same time, all efforts aimed to restore the natural color of
tissues in the bruised area. At the beginning of the 21st cen-
tury, in order to develop new medicines capable of quickly
discoloring the skin in the bruised area and immediately
improving the aesthetic result in the presence of a non-
inflamed bruise, known (and even “old”) medications were
used with new physical and chemical properties was cho-
sen (22). Today, we can claim that the chosen direction has
led to success.

When developing blood whitening preparations, re-
search was devoted to studying mechanical, physical,
chemical, and physicochemical factors of the local in-
teraction of substances with tissues stained with blood,
blood residues, erythrocytes, hemoglobin, and its colored
metabolites. In classical pharmacology, modern cosmetol-
ogy, dermatology, and hematology, insufficient attention
has been paid to the physicochemical factors of the local
interaction of hygiene products with blood portions. In
particular, there have been no studies devoted to the pos-
sibility of bleaching hemoglobin and its colored metabo-
lites by such physicochemical factors of local interaction as
alkaline, osmotic, carbonation, and temperature activity
(2, 21). In addition, even before the development of bruise
bleaches, solvents for dense pus masses and sulfur plugs
had been discovered. They were based on aqueous alkaline
solutions of hydrogen peroxide (23). However, the possi-
bility of the urgent bleaching of bruises and hematomas
using alkaline hydrogen peroxide solutions remained un-
known (24, 25).

Several agents were developed and invented, giving
rise to a new group of cosmetic preparations known as
bruise bleaching agents (26). Preparations of this group
have the following differences from all known medica-
tions. First, they are all aqueous solutions of hydrogen
peroxide and sodium bicarbonate. Consequently, all the
ingredients of these remedies are known, safe, and edi-
ble. Secondly, bruise bleach solutions are weakly alkaline,
osmotic, hyperthermic, and have oxygen-forming activity
(21). The mechanism of action of bruise-bleaching agents is
causing alkaline saponification, oxygen oxidation, and the
discoloration of stained proteins and protein-lipid com-
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plexes, in particular plasma, blood cells, hemoglobin, and
its colored metabolites. Moreover, local saponification is
induced by sodium bicarbonate, while oxygen oxidation
and the decolorization of hemoglobin pigment and its col-
ored metabolites are provided by hydrogen peroxide (27).
Sodium bicarbonate is an effective alkaline buffer, and hy-
drogen peroxide is an “accumulator” of oxygen released
from a bound state by the blood catalase enzyme (28).

It is noteworthy that sodium bicarbonate and hydro-
gen peroxide have long been widely, successfully, and
safely used in medical institutions. Specifically, a 4% solu-
tion of sodium bicarbonate is utilized for intravenous in-
jections. A 3% hydrogen peroxide solution is sold over-the-
counter in pharmacies as an antiseptic. A5% hydrogen per-
oxide solution is used for hair whitening, and a 6.5% car-
bamide peroxide solution is applied as an over-the-counter
remedy for earwax softening. In addition, a 5% - 20% solu-
tion of carbamide peroxide is used in dentistry to whiten
teeth (2).

The results showed that hydrogen peroxide solution
at pH < 7 (i.e., hydrogen peroxide solution without alkali)
and sodium bicarbonate solution without hydrogen per-
oxide does not provide emergency dissolution and decol-
orization of hemoglobin, blood, bruises, and hematomas.
Only an alkaline hydrogen peroxide solution consisting of
hydrogen peroxide, sodium bicarbonate, and water in spe-
cific ratios could urgently, effectively, and safely dissolve
and decolorize blood spots, bumps, blood clots, bruises,
hematomas, hemoglobin, and its metabolites. Screening
and numerous laboratory and experimental studies were
performed, including piglets and the isolated sections of
pig skin. The obtained results allowed identifying the op-
timal ratios of these ingredients, after which they formed
the basis for many cosmetics, hygiene products, and tech-
nologies for medical and domestic use. The results of
laboratory and experimental studies were confirmed by
research on healthy adult volunteers. Hydrogen perox-
ide and sodium bicarbonate solution have been shown to
bleach the skin in the bruised area and discolor the blood
inside the hematoma on the skin and under the nail. In
addition, alkaline hydrogen peroxide solution has been
found to be a suitable solvent for dried blood. It bleaches
bloodstains on the body surfaces, cotton-gauze bandages,
swabs, clothing, medical instruments, teeth, dentures, and
various household products.

The discovered biological activity of the alkaline so-
lutions of hydrogen peroxide and the found “necessary”
(“right”) ratios of ingredients formed the basis of the fol-
lowing inventions: (1) “bruise bleacher” (RU Patent No.
2539380); (2) “bleaching agent” (RU Patent No. 2589682);
(3) “method for skin discoloration in the bruising area”
(RU Patent No. 2586278); (4) “agent for intradermal bruise
whitening” (RU Patent No. 2573382); (5) “method for skin
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discoloration in the bruising area” (RU Patent No. 2582215);
(6) “bleaching opener of dried blood for wrapping ban-
dages adhered to a wound” (RU Patent No. 2653465); (7)
“method of emergency bleaching and blood crust removal
from the skin in place of squeezed out acne” (RU Patent
No. 2631593); (8) “method for whitening of sore under nail”
(RU Patent No. 2631592); (9) “method for blue nail treat-
ment” (RU Patent No. 2641386); (10) “decolorant of blood”
(RU Patent No. 2647371); (1) “method for the whitening of
a bruise under eye” (RU Patent No. 2639283); (12) “means
for intravital skin whitening near blue eyes” (RU Patent No.
2639485); (13) “method of the emergency bleaching of skin
hematoma under eye” (RU Patent No. 2679334).

Furthermore, it should be pointed out that in addi-
tion to whitening agents, the “Method for bruise bleach-
ers screening” was developed and patented (RU Patent
No. 2634268). The bleaching activity of the latter medica-
tions was evaluated in an isolated viable section of the an-
terior abdominal wall of the pig with artificially created
hematomas. Artificial bruises on this isolated area were
proposed to be created in laboratory conditions by the in-
tradermal injections of pig blood.

5. Bleaching Cosmetics and Application Options

Two types of methods and means of bleaching under-
lie the inventions mentioned above. One of these inven-
tions provides the possibility of urgent skin bleaching in
the bruised area. Such a rapid result is possible by inject-
ing an isotonic solution of 0.9% sodium chloride or an
isotonic solution of a bleaching agent containing 0.01% -
0.03% hydrogen peroxide and 1.8% sodium hydrogen car-
bonate into the skin in the bruised area (RU Patent No.
2573382, RU Patent No. 2586278). For the urgent bleach-
ing of the bruise, the selected solution is used by several
intradermal injections. Some of the solutions are injected
into the skin and can completely infiltrate the skin over
the entire area of the bruise, creating a “lemon crust” ef-
fect in the skin. As a result, the intensity of the skin color
in the bruised area reduces instantly due to the dilution
of blood and hemoglobin residues by the injected liquid.
When an alkaline hydrogen peroxide solution is injected,
the splitting of hydrogen peroxide into water and oxygen
by catalase enzyme, which is always present in blood and
its residues, begins. The released oxygen oxidizes the pig-
ments and discolors them. A correctly chosen concentra-
tion of hydrogen peroxide rules out gas embolism.

Moreover, whitening cosmetics allow foregoing injec-
tions and apply an alkaline hydrogen peroxide solution in
the skin. The bleaching effect will slowly develop, taking
several minutes and sometimes hours or days. However, it
is easier to perform and safer for the patient. A bleach so-
lution containing 0.03% - 3% hydrogen peroxide and 1.8% -

10% sodium hydrogen carbonate is used. The selected so-
lution is heated to 42°C- 45°C, and a cotton-gauze tampon
is dampened in the warm solution and applied to the skin
in the bruised area as a warm lotion. Afterwards, the tam-
pon is covered with transparent and colorless polyethy-
lene film, and a hot-water bottle at 42° - 45° is applied for
10 min (RU Patent No. 2639283, RU Patent No. 2639485).
The procedure is repeated if the bruise is not effectively
bleached.

6. Conclusions

We reviewed the first successful results achieved in de-
veloping alkaline hydrogen peroxide solutions designed
for the emergency decolorization of blood traces both on
and inside the skin surface with a single local application.
Based on the available literature and invention patents,
alkaline hydrogen peroxide solutions can be cosmetically
and/or hygienically bleaching agents and require more
detailed studies. The use of hydrogen peroxide solution
for skin discoloration was first reported for ecchymosis
(29). Studies were continued under laboratory conditions
for bloodstains, under experimental conditions for artifi-
cial bruises in the skin of pigs, and finally for bruises in
the healthy adult volunteers (19). The results indicated
the ability of alkaline hydrogen peroxide solution, when
applied topically, to rapidly, effectively, and safely bleach
bloodstains and skin in the area of bruises.

Volunteer studies were conducted using a thermal
imaging camera. Infrared monitoring of local body sur-
face temperature dynamics in bruise sites occurring with
or without traumatic soft tissue injury proved that blood
in the area of bruises has no local irritant and inflam-
matory effects. In particular, it was shown that the skin
in the bruised area following intradermal blood injection
had the same temperature as the surrounding skin areas.
Therefore, it could be concluded that skin is not inflamed
in the area of a true bruise (19). The above results help un-
derstand why bruises are still not classified as a disease.

In addition, there have been reports on the ability of
hydrogen peroxide to increase the local temperature in
the blood and isolated erythrocytes when interacting with
them locally (30, 31). The present review listed inventions
that allow skin discoloration in the area of bruises and
hematomas. They are all based on the local application of
warm alkaline hydrogen peroxide solutions. In addition,
two technologies of applying alkaline hydrogen peroxide
solutions to bleach the skin in the area of bruises are indi-
cated, namely intradermal injections and cutaneous appli-
cations. We hope that this review will contribute to the de-
velopment of cosmetic and/or hygienic products and tech-
nologies for effective and safe skin decolorization in the
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area of bruises to improve the aesthetic outcome and psy-
chological well-being of the patients.
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