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Abstract: Mercury content is a critical indicator for quality control in cosmetics. Historically, mercury poisoning was
primarily linked to occupational exposures. However, with the widespread household exposure to mercury, espe-
cially in cosmetics, non-occupational mercury poisoning has become increasingly prevalent. Mercury poisoning can
damage major organs such as the heart, liver, and kidneys. Therefore, this article intends to summarize current
knowledge on the harms and underlying mechanisms associated with mercury poisoning from cosmetics, in order

to provide clinical insight to enable tertiary prevention.
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Introduction

Mercury, a heavy metal with known antibacte-
rial and whitening properties, has been histori-
cally used in various industries and cosmetics.
Despite its beneficial effects, it is often illegally
added to whitening products [1-5]. However,
mercury poses significant health risks, includ-
ing the potential for skin absorption and long-
term exposure leading to diverse health issues.
Symptoms of mercury poisoning can range
from mild allergic reactions to severe neurologi-
cal damage [6, 7]. Initial signs may include skin
rashes, peeling, and itching, but with prolonged
exposure, more severe symptoms can develop,
such as cognitive decline, mood fluctuations,
muscle weakness, and even renal impairment.
Research indicates that approximately 70% of
mercury poisoning cases are attributable to
cosmetics [8, 9]. These symptoms are often
subtle in the early stages and can progressively
worsen over time, adversely affecting quality of
life. Accordingly, this paper provides a compre-
hensive review of the multisystem damage and
mechanisms associated with mercury poison-
ing from cosmetics.

Cosmetics and mercury poisoning

Mercury, with its notable physical and chemical
properties, is used across various industries,

including cosmetics. Its inherent toxicity, how-
ever, becomes a significant concern when it
comes into contact with the human body. In
whitening products, mercury predominantly
manifests as mercury salts, which act by inhibit-
ing tyrosinase activity in the skin. This inhibition
reduces melanin production, thereby achieving
a whitening effect [10, 11]. This direct mecha-
nism of action on melanin production in the
skin allows mercury-containing whitening prod-
ucts to deliver visible whitening effects in a
short period, making them popular among indi-
viduals seeking immediate results. Recent
studies have shown that some commercially
available whitening products contain metallic
mercury (Figure 1). According to national cos-
metic hygiene standards (GB7916-87), the
maximum permissible content of mercury in
cosmetics should not exceed 1 mg/kg. Pro-
ducts exceeding this threshold are considered
to contain excessive mercury levels, which may
pose health risks [12]. In recent years, there
has been an increasing number of clinical cases
of mercury poisoning due to cosmetics use.
Research has indicated that the primary organ
systems affected by mercury poisoning include
the oral mucosa, nervous system, digestive sys-
tem, and kidneys, reflecting the broad spectrum
of potential harm associated with mercury in
cosmetics [13] (Table 1).
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Figure 1. Types of cosmetics associated with mercury poisoning.

Diagnostic criteria for cosmetics-related mer-
cury poisoning

Currently, the diagnostic criteria for mercury
poisoning related to cosmetics use are primar-
ily adapted from those for occupational mercu-
ry poisoning [13]. The criteria include: 1. A his-
tory of cosmetic use for more than 6 months,
with chronic mercury poisoning meeting the
diagnostic standards outlined in the Diagnos-
tic Criteria of Occupational Mercury Poisoning
(GBZ89-2007); 2. Urinary mercury levels ex-
ceeding 0.50 umol/L; 3. Absence of recent use
of mercury-containing medications.

Mercury absorption and metabolism

Mercury metabolism generally follows a similar
pattern across its various forms. Upon absorp-
tion into the body, mercury undergoes a redox
cycle. Specifically, mercury vapor is converted
into divalent mercury ions within red blood cells
through the hydrogen peroxidase pathway. The
primary routes of mercury excretion are through
urine and feces, though the predominant path-
way can vary based on exposure duration and
environmental factors. In the initial week fol-
lowing exposure, mercury is predominantly
excreted through feces. However, in individuals
with long-term occupational exposure, urinary
excretion becomes the main route of elimina-
tion [14, 15]. Additionally, mercury can also be
excreted through gaseous exchange, body flu-
ids, and breast milk.

Organ damage from cosmetic-related mercury
poisoning

Research has demonstrated that mercury

poisoning can lead to multi-organ damage.
Mercury vapor, inhaled through the respiratory

6065

Facial Mask

Emulsion

Facial Cleanser

Skin Brightening Skincare
Fade Spots

tract, is absorbed predomi-
nantly by the alveoli. Due to its
ability to easily permeate lipid-
rich cell membranes of the
alveolar walls, mercury com-
bines with blood lipids and is
distributed by means of the
bloodstream [16, 17]. Once in
the body, mercury binds rap-
idly with thiol groups in red
blood cells and is oxidized
into divalent mercury ions by
hydrogen peroxidase. Mercury
induces systemic toxicity th-
rough various toxic mechanisms, including
direct injury or damage to biomembranes, oxi-
dative stress, intracellular calcium overload,
immune system impairment, and apoptosis.
The nature and extent of organ damage can
vary, depending on the specific organ and the
mechanisms involved. This review presents a
comprehensive analysis of recent research on
the organ-specific damage and mechanisms
associated with cosmetic-related mercury
poisoning.

Cardiovascular complications associated with
cosmetic-related mercury poisoning

Current research indicates that mercury poi-
soning can affect the myocardium, though it
typically does not cause myocardial cell necro-
sis in the early stages. Initial manifestations
include an extension of the QRS interval on an
electrocardiogram (ECG). Despite treatment to
expel mercury, the QRS interval often remains
prolonged compared to normal values, sug-
gesting that mercury’s toxic effects on myocar-
dial sodium channels may not be fully revers-
ible even after mercury levels are normalized
[18-20]. Additionally, cosmetic-related mercury
poisoning has been linked to the development
of hypertension in affected individuals [21-24].
Detailed information is provided in Table 2.

Respiratory system damage from cosmetic-
related mercury poisoning

Elemental mercury vapor, due to its high volatil-
ity, can directly cause severe respiratory condi-
tions such as chemical-induced bronchitis,
interstitial pneumonia and pulmonary edema.
Patients primarily present with chest pain, dif-
ficulty breathing, and cough, which may be
accompanied by hemoptysis. Auxiliary tests
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Table 1. Manifestations of organ damage from cosmetic-related mercury poisoning

Tissue and organ Clinical presentation

Oral cavity Oral mucosal inflammation, excessive salivation, dysphagia, gum pain, and ulcers of the lips
and tongue.

Digestive system Hepatocyte necrosis, cholestatic liver disease, organic or functional gastrointestinal diseases.

Nervous system  Tremors, emotional instability, insomnia, memory loss, muscle twitching, headaches and
abnormal sensory perceptions. Long-term mercury exposure may lead to gait instability,
tremulous speech, blurred vision, and hearing loss.

Kidney Membranous kidney disease, with mercury forming metallothionein complexes that damage
renal tubules.

Others Abnormal thyroid function, hypercoagulability, aplastic anemia, accelerated aging, and
infertility.

Table 2. Mechanism of cardiovascular complications associated with cosmetic-related mercury poi-
soning

Potential mechanism

Mercury ions induce calcium overload in vascular smooth muscle cells, activate the ex-
citation-contraction coupling mechanism, and stimulate phospholipase A2. This process
results in vasoconstriction mediated by vasoactive substances such as thromboxane,
leading to hypertension.

Arrhythmia (QRS wave prolongation) Mercury inhibits myocardial sodium pumps by binding to the P-ring domain | Cys373
of sodium channels, oxidizing cysteine residues, and forming disulfide bonds between
sulfhydryl groups. This oxidation creates disulfide compounds, which impair sodium
channel permeability. Consequently, the depolarization rate of myocardial cells in phase
0 slows, and the conduction rate of action potentials decreases, leading to prolonged
QRS complexes on ECG.

Clinical presentation
Hypertension

Table 3. Mechanisms of respiratory system damage from cosmetic-related mercury poisoning

Clinical presentation Potential mechanism

Chemical-induced bronchitis Mercury vapor induces corrosive inflammation of the airways, leading to the
shedding and necrosis of tracheal epithelial cells at various levels.

Damage to epithelial cells results in their detachment and subsequent obstruction
of the airway lumen. This is accompanied by tissue edema, telangiectasia, and
inflammatory cell infiltration.

Pulmonary edema

Interstitial pneumonia Infiltration of inflammatory cells and extensive proliferation of fibroblasts in the

interstitial lung tissue are observed [27, 28].

often indicate a reduced lung capacity and
impaired lung function. In severe cases, these
conditions can escalate to respiratory failure,
posing life-threatening risks [25, 26]. Possible
mechanisms underlying these effects are
shown in Table 3.

Digestive system complications associated
with cosmetic-related mercury poisoning

Current evidence suggests that mercury poi-
soning primarily affects the digestive system
through direct injury to the oral cavity, liver
damage, and gastrointestinal dysfunction. Liver
injury is often evidenced by elevated liver
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enzymes, while gastrointestinal symptoms may
include abdominal pain, distension, nausea,
vomiting, diarrhea, and constipation. Some
patients may experience chronic liver damage
due to impaired gallbladder function, potential-
ly progressing to cirrhosis. The mechanisms
underlying these digestive system complica-
tions are summarized in Table 4.

Renal injury associated with cosmetic-related
mercury poisoning

In the early stages of renal injury, due to low

concentrations of mercury in cosmetics, dam-
age is typically limited to the proximal convo-
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Table 4. Mechanisms of digestive system complications associated with cosmetic-related mercury

poisoning

Clinical presentation

Potential mechanism

Damage to the oral mucosa and tongue It is evidenced by ulcers and inflammation of oral mucosa, tongue and lips, accompa-

Liver damage

Inhibition of digestive enzyme function

Gastrointestinal tract injury

Gallbladder disorder

nied by excessive salivation, dysphagia and gum pain [29].

Mercury disrupts hepatic redox functions by binding to reduced glutathione. This
interaction, combined with intracellular calcium overload that activates phospholi-
pase, leads to cell membrane peroxidation and free radical production. These effects
further deplete reduced glutathione and ultimately result in liver damage [30].
Mercury-induced structural changes in enzymes, due to interactions with amino,
carboxyl, and hydroxyl groups, impair enzyme function [31].

Injury to the gastric mucosa and accelerated smooth muscle peristalsis cause both
organic and functional changes in the stomach.

Mercury poisoning disrupts the energy balance of capillary bile duct membranes and
impairs bile transport capacity, leading to congestion and subsequent liver changes
[32].

Table 5. Mechanisms of renal injury associated with cosmetic-related mercury poisoning

Clinical presentation

Potential mechanism

Direct injury

Secondary membranous nephropathy

Renal tubulointerstitial damage

Interstitial nephritis

Mercury binds to proteins in the glomerular basement membrane, causing damage that
leads to proteinuria, hematuria, and potentially chronic kidney injury [33, 34].

High concentrations of mercury cause direct chemical damage to renal tubular epithelial
cells in the distal convoluted tubules and collecting ducts. Microscopic changes include
vacuolation, degeneration, and necrosis. Prolonged exposure may also induce immune
complex nephritis, with membranous nephropathy being a common outcome [35].

It is characterized by swelling of tubular epithelial cells, flattening of the brush border,
necrosis, and detachment of tubules. Distal convoluted tubules may show a reduced
number of clear tubules [36].

Expansion of the glomerular capillary plexus, local thickening of the glomerular
basement membrane, and abnormal proliferation of mesangial cells and matrix are
observed. Microscopic findings include narrowing of small balloon cavities, protein exu-
dation, fibrous tissue hyperplasia, and hyaline deposition around individual glomeruli.
Interstitial damage features epithelial cell swelling, shedding of the brush border, focal
necrosis, and transparent casts in the glomeruli [37, 38].

luted tubules, with clinical

manifestations muscle twitching, headaches, and sensory

including mild proteinuria. As mercury accumu-
lation increases, injury extends to the distal
convoluted tubules and collecting ducts,
impairing urine concentration and resulting in
increased nocturia. With significant mercury
accumulation and progression to moderate to
severe poisoning, patients may develop glo-
merular damage, marked proteinuria, nephrotic
syndrome, and eventually renal insufficiency.
The mechanisms contributing to renal injury
are detailed in Table 5.

Neurological system

Central nervous system: Exposure to mercury
vapor primarily manifests neurologically as
tremors. Other neurological symptoms may
include mood swings, sleep disturbances,
memory loss, cognitive decline, involuntary
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abnormalities [39]. Prolonged exposure can
lead to more severe complications, such as
unsteady gait, tremulous speech, blurred vi-
sion, and hearing impairments, potentially lead-
ing to complete loss of these functions. The
central nervous system damage predominantly
affects the cerebral cortex and cerebellum.
Some researchers believe that widespread cel-
lular damage in areas such as the somatosen-
sory and visual cortices might be the cause of
impairments in sensory, auditory, visual, and
olfactory functions. Methylmercury exposure
has been shown to reduce adrenaline levels
throughout the nervous system, with notable
effects in the cerebral cortex and pontine
medulla [40]. Additionally, there is a decrease
in dopamine levels in the substantia nigra,
hypothalamus, striatum, hippocampus, and
olfactory bulb, while serotonin levels increase.
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Figure 2. Schematic diagram of central nervous system injury associated with mercury poisoning.

Table 6. Mechanisms of peripheral nerve tissue damage associated with cosmetic-related mercury

poisoning

Nerve injury Potential mechanism

Pain Activation of glial cells leads to the release of proinflammatory cytokines and other active sub-
stances. These factors interact with neurons, facilitating the transmission and progression of

neuropathic pain [43, 44].

Aging Methylmercury impairs neurons by blocking e2-tubulin, disrupting the internal structure and
biochemical balance of neurons. This interference affects cell growth, differentiation, and survival
through the PKC cascade, ultimately leading to abnormal energy metabolism, impaired mitochon-
drial function, and disrupted signal transmission. Over time, these effects contribute to accelerated

neuronal aging [45, 46].

In vitro studies have shown that methylmercury
can stimulate the release of monoamine neu-
rotransmitters and excitatory amino acids in
synaptosomes, with release levels correlating
with the concentration of methylmercury and
duration of exposure. Methylmercury also in-
hibits the synaptic uptake of these neurotrans-
mitters and excitatory amino acids, leading to
increased levels in the synaptic cleft [41]. This
persistent receptor stimulation triggers a cas-
cade of responses that ultimately results in
neuronal damage, as shown in Figure 2.

Peripheral nervous system: The impact of mer-
cury on the peripheral nervous system varies
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depending on the type and dose of mercury
exposure. Low doses typically cause damage to
peripheral nerve fibers, leading to axonal
degeneration [42]. In contrast, high doses can
damage dorsal root ganglia and anterior horn
motor neurons, leading to the activation of glial
cells and severe, persistent peripheral neuro-
pathic pain. Possible mechanisms underlying
these effects are detailed in Table 6.

Immune system

Mercury exposure adversely affects immune
system function, particularly through its impact
on T cells. Mercury inhibits T cell proliferation
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and affects the expression of interleukin 1 (IL-
1) synthesis and secretion, as well as IL-3
receptors and transferrin receptors on T cells,
thus impairing T cell function. Both in vitro and
in vivo studies have demonstrated that mercu-
ry can promote the proliferation of Th3 cells
and increase IL-4 production, while simultane-
ously suppressing Thl cell proliferation [47].
This Th1/Th3 imbalance is a key factor in the
development of many autoimmune diseases.
Mercury can disrupt the normal expression of
Major Histocompatibility Complex Il (MHC II) on
target cells, affecting T cell production and
inducing the production of heat shock proteins,
which further contribute to autoimmune dis-
ease progression. Additionally, mercury vapor
can bind directly to MHC molecules on antigen-
presenting cells or to T cells, thereby inducing
and exacerbating various autoimmune diseas-
es.

Other systems

Mercury can also directly impair the pituitary,
thyroid, and adrenal glands. One study has
confirmed that workers exposed to mercury
have higher mercury levels in the thyroid and
pituitary glands compared to the kidneys,
brain, and other tissues. This accumulation
leads to reduced oxytocin production and is
associated with mood disorders, such as
depression and suicidal tendencies. In the thy-
roid gland, mercury poisoning primarily re-
sults in suppressed thyroid function, as evi-
denced by reduced thyroid hormone levels in
peripheral blood [48]. The hematologic system
may also be affected, exhibiting a secondary
hypercoagulable state due to disruption of
the thrombomodulin/protein C system and an
imbalance between tissue plasminogen activa-
tor and its inhibitor. Mercury exposure can
increase oxidative free radicals and lipid dam-
age, which impacts the coagulation/anticoagu-
lation system and causes aplastic anemia.
The reproductive system is similarly affected,
with potential outcomes including infertility,
miscarriages, preterm labor, and low birth
weight. This is due to that mercury exposure
can inhibit the secretion of progesterone by
ovarian granulosa cells and adversely affect
sperm production, motility, and morphology,
though it does not appear to affect testoster-
one production [49].
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Conclusion

The use of mercury in cosmetics is becoming
increasingly common, and long-term exposure
to this heavy metal can cause damage to vari-
ous organs, including the cardiovascular, diges-
tive, nervous, and immune systems, primarily
due to the mercury’s corrosive nature and its
involvement in redox reactions. However, due
to the lack of precise diagnostic markers, early
detection of mercury poisoning is challenging,
leading to chronic damage from prolonged
exposure. To mitigate these risks, it is crucial to
strengthen the monitoring of mercury content
in cosmetics, thereby improving the safety of
cosmetic products and reducing the potential
for mercury-related health problems.
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