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ABSTRACT: Reye syndrome is a rare, acute, and potentially life-threatening condition marked by rapid liver and brain damage,
primarily affecting children and adolescents following viral infections like influenza or varicella. Though the exact cause remains
unclear, studies indicate a strong association with the use of aspirin and other salicylates during viral infections, which may disrupt
mitochondrial function and lead to hepatic steatosis and encephalopathy. Given the risks of aspirin use in susceptible populations,
exploring natural anti-inflammatory alternatives is essential. Turmeric (Curcuma longa), ginger (Zingiber officinale), Boswellia
serrata, Pinus pinaster, and Paeonia lactiflora possess notable anti-inflammatory, hepatoprotective, and neuroprotective
properties, potentially mitigating inflammation without salicylate risks. Curcumin in turmeric and gingerol in ginger exhibit
antioxidant and anti-inflammatory effects by modulating inflammatory pathways. Boswellia’s boswellic acids, Pinus pinaster’s
proanthocyanidins, and Paeonia lactiflora, paeoniflorin further contribute to immune modulation and neuroprotection. This
review discusses these natural alternatives' mechanisms and their potential role in preventing and managing inflammation in
children at risk of Reye syndrome, highlighting the need for further studies to validate their safety and efficacy in pediatric
populations.
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I. INTRODUCTION

Reye syndrome (RS) is a rare and severe metabolic disorder that primarily affects children. First identified in 1963, RS is
characterized by acute encephalopathy and fatty degeneration of the liver, often following viral infections like influenza and
chickenpox (Crocker, 1982). While the incidence of RS has declined since the 1970s, its severity, leading to death in 30-40% of
cases due to brainstem dysfunction, remains a significant concern. The decrease in RS cases is largely attributed to health
advisories against the use of aspirin in children with viral illnesses, which were linked to the syndrome (Schror, 2007; Soumerai,
et al.,, 2002)).

The exact cause of RS remains unclear, but it is believed to result from an abnormal response to viral infections in genetically
predisposed individuals, potentially triggered by external factors such as aspirin use. Modern diagnostic criteria, established by
the CDC in 1990, define RS by three key features: acute non-inflammatory encephalopathy, hepatopathy (documented by liver
biopsy or increased enzyme levels), and no alternative explanation for the symptoms (Ferretti et al., 2021).

Despite its reduction, Reye syndrome remains relevant in pediatric care, particularly when encephalopathy and liver
dysfunction are present following viral infections (Choronomydz et al., 2017). Misdiagnosis can occur, as other metabolic disorders
such as fatty acid oxidation defects or urea cycle abnormalities can mimic RS. An accurate and comprehensive diagnostic
evaluation is crucial, especially in cases with atypical presentations or a family history suggestive of Reye-like syndromes (Hou et
al., 1996; Belay et al., 1999).
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Reye-like syndrome refers to conditions with similar clinical features to RS, such as encephalopathy and liver damage, but with
distinct etiologies, often linked to inherited metabolic disorders. These conditions share a common mitochondrial dysfunction and
metabolic disturbances, differentiating them from classic RS, which is primarily triggered by viral infections and aspirin use (Heubi
et al,, 1987; Pribozic et al., 2021).

Idiopathic Reye syndrome occurs in genetically predisposed individuals and is usually triggered by external factors like viral
infections, toxins, or medications such as salicylates. Although the exact cause remains unknown, these environmental triggers
likely exacerbate an underlying metabolic vulnerability. The overlap in symptoms between idiopathic Reye syndrome and Reye-
like syndromes complicates diagnosis, emphasizing the need for continued research to refine diagnostic criteria and treatment
strategies (Casteels-Van Daele et al., 2000).

For classic RS, treatment remains largely supportive, aiming to manage severe symptoms such as cerebral oedema and liver
dysfunction. Medications like glycerol, mannitol, and dexamethasone may help alleviate brain swelling and inflammation. Non-
steroidal anti-inflammatory drugs (NSAIDs) are avoided, as they can worsen the condition. The prognosis varies based on the
severity of the disease and the timeliness of treatment, underlining the importance of early detection and intervention (Courtenay
& Butler, 2002; Miller & Arsenault 1983).

In addition to conventional therapies, there is growing interest in natural anti-inflammatory alternatives, particularly for
supporting liver function and reducing neuroinflammation in RS. Phytochemicals from plants such as turmeric, ginger, boswellia,
and pine bark extract offer potent anti-inflammatory and antioxidant properties. These compounds have been shown to modulate
inflammatory pathways, reduce oxidative stress, and protect mitochondrial function, potentially providing a safer alternative to
traditional treatments like aspirin. Turmeric’s active ingredient, curcumin, for example, has demonstrated hepatoprotective
effects and may help mitigate liver damage. Ginger, with its bioactive compounds, can further alleviate inflammation and support
neuroprotection. Similarly, Boswellic acids and pine bark’s proanthocyanidins have exhibited anti-inflammatory and
neuroprotective properties, which could complement traditional therapies by reducing brain swelling and supporting metabolic
function (Marino et al., 2022;Ballaz & Bourin, 2023).

These natural compounds could serve as adjuncts to supportive care, offering additional benefits in managing Reye syndrome
while reducing the risks associated with conventional drugs. However, clinical validation and further research are essential to
confirm their safety and efficacy in pediatric populations.

Il. CAUSES OF REYE SYNDROME
The exact cause of Reye syndrome remains elusive, but it is generally agreed upon that a combination of viral infections,
genetic predisposition, and certain environmental factors particularly aspirin use contribute to its development.

A. Viral Infections as Primary Triggers

Reye syndrome often follows viral infections, especially those caused by influenza A and B and varicella-zoster virus. These
viruses are thought to disrupt cellular metabolism in mitochondria, which are responsible for energy production in cells,
particularly in the liver and brain. Mitochondrial dysfunction leads to impaired fatty acid metabolism, causing the accumulation
of toxic substances such as ammonia and free fatty acids in the bloodstream. Ammonia, in particular, is neurotoxic, contributing
to brain swelling (encephalopathy) seen in Reye syndrome. In addition to mitochondrial dysfunction, viral infections can also affect
the immune system, triggering an abnormal inflammatory response. This immune reaction can damage liver cells, brain tissue,
and other organs. The inflammatory response may exacerbate mitochondrial dysfunction, increasing the body's vulnerability to
metabolic stress. This combination of metabolic and immune system dysfunction is thought to play a central role in the
development of Reye syndrome. The exact cause of Reye syndrome remains unclear, but these viral infections, along with
potential genetic predispositions and the use of aspirin, appear to contribute to the syndrome's development. Although the
incidence has decreased significantly due to public health campaigns discouraging aspirin use in children with viral illnesses, Reye
syndrome remains a serious concern, especially in cases involving neurological and hepatic complications. Early diagnosis and
appropriate treatment are crucial to managing the condition and improving outcomes (Pugliese et al., 2008;Crocker &
Bagnell,1981).

B. Role of Aspirin (Salicylate) Use

Reye syndrome is a rare but serious condition that primarily affects children and adolescents, characterized by acute
encephalopathy and fatty degeneration of the liver (Chornomydz et al.,, 2017; Soumerai et al., 2002). One of the most well-
established risk factors for Reye syndrome is the use of aspirin (salicylates) during viral infections, particularly influenza and
chickenpox (Casteels-Van Daele et al., 2000). The connection between aspirin and Reye syndrome was first recognized in the late
1970s and early 1980s, following several studies that linked the use of aspirin in children with these viral infections to the
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development of Reye syndrome (Van Bever, et al.,2004). Although the precise mechanism by which aspirin contributes to the
development of Reye syndrome is not fully understood, several theories exist (Largent, 2015). It is believed that aspirin interferes
with mitochondrial function within liver cells. Mitochondria play a crucial role in cellular energy production and fatty acid
metabolism. In individuals with Reye syndrome, aspirin may disrupt mitochondrial function, impairing the liver's ability to oxidize
fatty acids. This disruption results in an accumulation of free fatty acids and other toxic substances within the liver, which can lead
to liver damage and an inflammatory response (Heubi et al., 1987). Additionally, this metabolic disturbance may contribute to
encephalopathy, as toxic substances such as ammonia build up in the bloodstream and affect the brain (Visentin et al., 1995).

The link between aspirin use and Reye syndrome became evident in the 1980s, and health authorities, including the Centers
for Disease Control and Prevention (CDC) and the U.S. Surgeon General, issued warnings against the use of aspirin in children and
adolescents with viral illnesses. Public health campaigns were launched, advising parents and healthcare providers to avoid giving
aspirin to children with conditions such as influenza and chickenpox. As a result of these efforts, the incidence of Reye syndrome
dropped significantly, and cases of the syndrome became much less common in the years following these public health advisories.
As a result of the established link between aspirin and Reye syndrome, current medical guidelines strongly advise against the use
of aspirin in children and teenagers with viral infections, unless specifically prescribed by a healthcare provider for certain medical
conditions. Alternative medications, such as acetaminophen or ibuprofen, are recommended for treating fever and pain in
children, as these do not carry the same risk of triggering Reye syndrome (Arrowsmith et al., 1985; Schror, 2007).

C. Genetic Predisposition and Metabolic Vulnerabilities

Reye syndrome (RS) is a rare but severe condition that predominantly affects children and is characterized by acute
encephalopathy and fatty degeneration of the liver. While environmental factors, such as viral infections and aspirin use, are well-
established triggers, there is growing evidence that genetic predisposition may play a significant role in making certain children
more susceptible to the syndrome (Ferretti et al., 2021).

Research suggests that some children may inherit metabolic disorders that predispose them to Reye syndrome. These
conditions, which often involve defects in mitochondrial function or in the enzymes responsible for metabolic processes, can
remain asymptomatic until they are triggered by external factors like viral infections or the use of salicylates (such as aspirin).
These inherited conditions are thought to impair the body's ability to manage metabolic stress, making the individual more
vulnerable to the toxic effects of metabolic disruptions. One of the most commonly implicated genetic factors is fatty acid
oxidation disorders. These disorders involve defects in the enzymes responsible for breaking down long-chain fatty acids, which
are critical for energy production, particularly during times of fasting or illness. When these metabolic pathways are impaired,
fatty acids and their byproducts can accumulate in the body, leading to toxic levels of metabolites like ammonia and free fatty
acids, which are detrimental to liver and brain function (Brown et al., 1982: Visentin et al., 1995)

In periods of increased metabolic demand, such as during a viral infection or fasting, the body typically increases its reliance
on fat metabolism for energy. In individuals with fatty acid oxidation disorders, however, the body cannot effectively oxidize fatty
acids, leading to an accumulation of these substances. This overload places additional stress on the liver and the brain, which are
the primary organs affected in Reye syndrome. The build-up of toxic metabolites in the bloodstream can lead to liver dysfunction,
encephalopathy (brain swelling), and, in severe cases, brainstem dysfunction, which is often fatal.

D. Mitochondrial Enzyme Deficiencies:

Mitochondrial enzyme deficiencies refer to genetic conditions where specific enzymes within the mitochondria are absent,
defective, or functioning improperly. Mitochondria are the cell's primary source of energy production, particularly through
oxidative phosphorylation, which generates ATP (adenosine triphosphate) from nutrients like fats, carbohydrates, and proteins
(De Vivo, 1978). These organelles are essential for providing the energy required by cells, especially during periods of metabolic
stress, such as illness or fasting. In Reye syndrome, mitochondrial dysfunction plays a critical role in the disease's pathogenesis.
While the exact cause remains unclear, impaired mitochondrial function is strongly associated with RS. During metabolic stress,
such as a viral infection or the use of aspirin in children, the body increases its reliance on mitochondrial energy production to
meet the heightened demands for energy (Treem 1994). When mitochondrial enzymes are defective or deficient, ATP generation,
especially from fatty acids, becomes inefficient. This inefficiency causes several key problems: First, fatty acids accumulate in the
liver because the impaired mitochondrial function, particularly in fatty acid oxidation, prevents their proper metabolism, leading
to fatty liver, a hallmark of Reye syndrome. Second, mitochondrial dysfunction can impair the urea cycle, causing ammonia, a toxic
by-product of protein metabolism, to build up in the bloodstream (Pribozic et al., 2021). Elevated ammonia levels lead to
encephalopathy, brain swelling, and cognitive disturbances. Finally, the combined impact on the liver and brain results in severe
damage, as both organs rely heavily on mitochondrial energy production. The liver’s inability to detoxify and the brain’s lack of
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sufficient energy for normal function contribute to the characteristic symptoms of agitation, delirium, and coma, which can be
fatal in severe cases (Pranzatelli & Darryl, 1987:Chornomydz et al., 2017).

E. Other Environmental and Metabolic Triggers

In addition to viral infections and aspirin use, other environmental and metabolic factors may increase the risk of Reye
syndrome in genetically susceptible individuals. Exposure to specific chemicals such as pesticides, household cleaning agents, and
certain medications—has been suggested as a possible contributing factor. These substances may exacerbate mitochondrial
dysfunction, particularly in those with underlying metabolic vulnerabilities. Metabolic stressors, like fasting or low-calorie diets
during periods of illness, are also thought to impact the body’s ability to handle energy demands. When the body is already
stressed, restricted calorie intake can further strain mitochondria, especially in individuals with enzyme deficiencies or fatty acid
oxidation disorders. This additional metabolic burden could amplify the risk of mitochondrial damage, leading to the characteristic
symptoms of Reye syndrome, such as liver dysfunction and encephalopathy. Considering these triggers, preventive guidelines
often emphasize minimizing environmental exposures and maintaining adequate nutrition during illness for children with known
metabolic risks. Awareness of these additional risk factors may help in the management and prevention of Reye syndrome,
particularly in genetically predisposed populations (Prandota, 2002;Thaler, 1975).

Il. NATURAL ALTERNATE TO ASPIRIN

Turmeric (Curcuma longa), with its active compound curcumin, is a potent natural option for managing inflammation,
particularly beneficial for those susceptible to Reye syndrome. Unlike aspirin, which poses a risk of mitochondrial dysfunction,
curcumin provides strong anti-inflammatory and antioxidant effects without compromising cellular health. This makes turmeric a
safer choice for individuals sensitive to inflammation (Ulbricht et al., 2011).
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Figure 1. Curcumin

Curcumin’s anti-inflammatory action works by targeting pathways like NF-kB and STAT3, which are critical in regulating
inflammatory responses. Unlike salicylates, curcumin does not broadly inhibit COX enzymes, thereby avoiding potential
mitochondrial disruption. Instead, it reduces inflammation by decreasing levels of pro-inflammatory cytokines, such as TNF-a, IL-
6, and IL-1B, achieving a balanced anti-inflammatory effect (Islam et al., 2024).

Additionally, curcumin’s antioxidant properties play a key role in protecting mitochondria from oxidative damage. By neutralizing
free radicals, curcumin helps stabilize mitochondrial membranes and preserves cellular functions, reducing metabolic stress on
liver and brain cells. This is particularly valuable in Reye syndrome, where mitochondrial health is a central concern, as curcumin
minimizes oxidative and inflammatory damage without disrupting energy production. Curcumin is generally safe for both adults
and children, with a low risk of adverse effects even with prolonged use. It provides relief from inflammation in conditions such
as arthritis and post-viral inflammation and can be combined with herbs like ginger for enhanced effects. Since turmeric contains
only about 3-5% curcumin, supplements with added piperine or bioavailable formulations are often used to maximize curcumin’s
absorption and effectiveness (Sharifi Rad et al., 2020).

With its targeted anti-inflammatory action and mitochondrial safety, curcumin offers a natural, effective option for managing mild
inflammation without the risks associated with aspirin, making it a valuable alternative for individuals vulnerable to Reye
syndrome (Peng et al., 2021).

Ginger (Zingiber officinale) is widely valued for its natural anti-inflammatory and analgesic effects, making it a promising
alternative to aspirin, especially for individuals prone to conditions like Reye syndrome. This is primarily due to ginger’s bioactive
compounds, notably gingerol, shogaol, and paradol, which reduce pain and inflammation effectively while preserving
mitochondrial integrity (Gurib Fakim, 2006: Semwal et al., 2015).
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Figure 2. Gingerol, Shogaol, and Paradol

The anti-inflammatory action of ginger is attributed to its compounds’ ability to inhibit inflammatory cytokines and mediators,
such as prostaglandins and leukotrienes, without significantly affecting COX enzymes in a way that could damage mitochondria.
Gingerol, in particular, has been shown to suppress NF-kB—a key player in the inflammatory process—thereby moderating the
immune response and reducing inflammation gently. Unlike aspirin and other salicylates, which may compromise mitochondrial
function, ginger has shown protective effects on cellular health by scavenging free radicals and reducing oxidative stress. This
action helps stabilize mitochondrial membranes and supports energy production, making ginger a safer option for those at risk of
Reye syndrome (Azeez et al., 2021: Islam et al., 2024).
Ginger’s efficacy in pain relief has been demonstrated in conditions such as arthritis, muscle pain, and post-viral inflammation,
with studies comparing its effects favorably to NSAIDs. Ginger effectively reduces prostaglandin levels, thereby alleviating pain
and swelling without the gastrointestinal or mitochondrial risks often seen with conventional NSAIDs (Mashhadi et al., 2013).
Ginger is generally safe for both adults and children, commonly consumed in moderate amounts as teas, food, or standardized
extracts. It is highly versatile available fresh, dried, or in capsule form and is compatible with other natural anti-inflammatory
agents like turmeric. For children recovering from viral infections, ginger tea offers a gentle, easy-to-digest option that reduces
inflammation without harming mitochondrial health. With its anti-inflammatory properties, mitochondrial safety, and ease of use,
ginger is a valuable natural alternative for managing pain and inflammation, particularly for individuals at risk of Reye syndrome.
Its targeted action on inflammatory pathways and lack of mitochondrial toxicity allow it to provide safe, effective relief (Chillemi
& Michael, 2013).

Boswellia serrata, also known as Indian frankincense, is a tree resin that has garnered attention for its potent anti-
inflammatory properties, primarily due to compounds called boswellic acids. These acids, particularly acetyl-11-keto-beta-
boswellic acid (AKBA), offer effective inflammation relief, making Boswellia a promising alternative to aspirin, especially for

individuals at risk of Reye syndrome where mitochondrial integrity is a concern (Siddiqui, 2011: Moreillon, 2010.
CH,

Figure 3. Acetyl-11-keto-beta-boswellic acid

Unlike aspirin, which broadly inhibits COX enzymes and may contribute to mitochondrial dysfunction, Boswellia selectively inhibits
the enzyme 5-lipoxygenase (5-LOX), which plays a key role in the production of leukotrienes—molecules linked to chronic
inflammation, especially in respiratory and joint conditions. This targeted action reduces inflammation by decreasing leukotriene
synthesis, without impairing mitochondrial energy production or fatty acid oxidation. Additionally, Boswellia’s antioxidant
properties provide further cellular protection, helping to neutralize oxidative stress that can damage mitochondria (Ammon, 2016:
Dey et al., 2022).

Boswellia has shown promise in treating inflammatory conditions like asthma, arthritis, and inflammatory bowel disease (IBD). In
asthma, for instance, its ability to lower leukotriene levels helps alleviate bronchial inflammation, reducing symptoms like
wheezing and shortness of breath. In joint conditions such as osteoarthritis, Boswellia relieves pain and improves function without
the gastrointestinal side effects often associated with NSAIDs (Biagi et al., 2023).

Generally well-tolerated, Boswellia is available in capsules, powders, and standardized extracts, with typical dosages around 300-
500 mg taken two to three times daily. For children or individuals prone to inflammation-related sensitivities, consulting a
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healthcare provider is advisable, especially if Boswellia is combined with other anti-inflammatory herbs like ginger or turmeric
(Belcaro, 2016: Micozzi, 2018).
With its selective action on the 5-LOX pathway, safety in mitochondrial function, and wide anti-inflammatory uses, Boswellia offers
a viable natural alternative to aspirin for those managing inflammation in conditions such as respiratory and joint issues. Its profile
aligns well with the safety needs of those vulnerable to mitochondrial toxicity, such as individuals at risk of Reye syndrome.
Pinus pinaster, commonly known as the French maritime pine, is native to the Mediterranean region and recognized for
its medicinal properties. The bark of this tree yields Pycnogenol, a standardized natural extract widely studied for its potent
antioxidant and anti-inflammatory effects. Pycnogenol contains a rich profile of bioactive compounds, including phenolic acids,
catechin, and taxifolin, which contribute to its health benefits. Known for its cardiovascular support, Pycnogenol has shown a safer
profile than aspirin, especially regarding bleeding risks.
Reye syndrome, a rare but serious condition in children, is characterized by brain and liver inflammation, often following viral
infections. Aspirin is linked to an increased risk of Reye syndrome in children, making alternatives essential. Pycnogenol offers
similar anti-inflammatory effects without increasing bleeding time, making it a safer option. Its antioxidant compounds can
neutralize free radicals, potentially reducing the oxidative damage that exacerbates brain and liver symptoms in Reye syndrome.
Pycnogenol has been shown to help stabilize liver enzymes and offer neuroprotection, possibly alleviating encephalopathy severity
(Rohdewald, 2005: Weichmann & Rohdewald, 2024)
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Figure 4. Pycnogenol

Additionally, Pycnogenol’s hepatoprotective effects may support liver function by reducing markers of liver damage, helping
prevent the metabolicimbalances that contribute to Reye syndrome's progression. Its sustained antioxidant effects offer potential
for lasting symptom relief, particularly in managing inflammation without adverse bleeding risks. Although more research is
needed to confirm its effectiveness specifically in Reye syndrome, Pycnogenol shows promise as a supportive, natural therapeutic
agent for managing symptoms while reducing cardiovascular and oxidative risks associated with the condition (Ferreira-Santos et
al., 2020: Shao et al., 2022).

Paeonia lactiflora contains active compounds such as paeoniflorin, which has demonstrated anti-inflammatory,
antioxidant, and hepatoprotective effects in some studies. It has been used in traditional medicine for conditions involving liver
diseases and inflammatory disorders (Xin et al., 2019).
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Figure 4. Paeoniflorin

Given that Reye syndrome involves liver dysfunction and brain inflammation, Paeonia lactiflora properties may offer supportive
care, especially in reducing oxidative stress and inflammation. Paeonia suffruticosa has been traditionally used to treat liver
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conditions, pain, and inflammatory disorders (Lim, 2014: Ma et al., 2018). Some studies suggest that it can help with liver
protection and improve blood circulation, which may help in cases where liver function is compromised, as in Reye syndrome.
These herbs should not replace conventional treatments or be used without the guidance of a healthcare professional, particularly
because the primary cause of Reye syndrome is linked to mitochondrial dysfunction triggered by viral infections and aspirin use.
Herbal remedies can be considered as complementary but not curative options, and early intervention in Reye syndrome is crucial
to prevent severe complications.

lll. CONCLUSIONS

In conclusion, Reye syndrome remains a serious concern in pediatric care due to its potential for rapid liver and brain
damage, especially following viral infections. Given the association with aspirin use, the exploration of natural anti-inflammatory
alternatives is crucial. Compounds found in turmeric, ginger, Boswellia, Pinus pinaster, and Paeonia lactiflora offer promising anti-
inflammatory, hepatoprotective, and neuroprotective properties, presenting safer options for managing inflammation in children
at risk of Reye syndrome. These natural agents may provide effective support by reducing inflammation and protecting
mitochondrial function without the risks associated with salicylates. However, further research is essential to confirm their safety
and efficacy in pediatric applications.
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