
Frontiers in Immunology

OPEN ACCESS

EDITED BY

Weicheng Hu,
Yangzhou University, China

REVIEWED BY

Chih-Cheng Lai,
Chi Mei Medical Center, Taiwan
Sergey I. (Ivanovich) Kolesnikov,
Scientific Center of Family Health Problems
and Human Reproduction (RAS), Russia

*CORRESPONDENCE

Linda L. D. Zhong

linda.zhong@ntu.edu.sg

Yan Zhao

zhaoyan@ntu.edu.sg

RECEIVED 04 June 2023

ACCEPTED 10 August 2023
PUBLISHED 31 August 2023

CITATION

Ng CYJ, Bun HH, Zhao Y and Zhong LLD
(2023) TCM “medicine and food
homology” in the management of post-
COVID disorders.
Front. Immunol. 14:1234307.
doi: 10.3389/fimmu.2023.1234307

COPYRIGHT

© 2023 Ng, Bun, Zhao and Zhong. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

TYPE Review

PUBLISHED 31 August 2023

DOI 10.3389/fimmu.2023.1234307
TCM “medicine and food
homology” in the management
of post-COVID disorders

Chester Yan Jie Ng1, Hung Hung Bun2, Yan Zhao1*

and Linda L. D. Zhong1,3,4*

1School of Biological Sciences, Nanyang Technological University, Singapore, Singapore,
2The University of Hong Kong (HKU) School of Professional and Continuing Education,
Hong Kong, Hong Kong SAR, China, 3School of Chinese Medicine, Hong Kong Baptist University,
Hong Kong, Hong Kong SAR, China, 4Guangdong-Hong Kong-Macau Joint Lab on Chinese Medicine
and Immune Disease Research, Hong Kong, Hong Kong SAR, China
Background: The World Health Organization declared that COVID-19 is no

longer a public health emergency of global concern on May 5, 2023. Post-

COVID disorders are, however, becoming more common. Hence, there lies a

growing need to develop safe and effective treatment measures to manage post-

COVID disorders. Investigating the use of TCM medicinal foods in the long-term

therapy of post-COVID illnesses may be beneficial given contemporary

research’s emphasis on the development of medicinal foods.

Scope and approach: The use of medicinal foods for the long-term treatment of

post-COVID disorders is highlighted in this review. Following a discussion of the

history of the TCM “Medicine and Food Homology ” theory, the

pathophysiological effects of post-COVID disorders will be briefly reviewed. An

analysis of TCM medicinal foods and their functions in treating post-COVID

disorders will then be provided before offering some insight into potential

directions for future research and application.

Key findings and discussion: TCM medicinal foods can manage different aspects

of post-COVID disorders. The use ofmedicinal foods in the long-termmanagement

of post-COVID illnessesmay be a safe and efficient therapy choice because they are

typically milder in nature than chronic drug use. These findings may also be applied

in the long-term post-disease treatment of similar respiratory disorders.

KEYWORDS

post-COVID, long-COVID, medicinal food, Chinese medicine, herbs
1 Introduction

In December 2019, an outbreak of pneumonia of unknown origin was reported in

Wuhan, Hubei Province, China. Thereafter, a novel respiratory coronavirus was isolated,

and it was named as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (1).

Due to the high infection rate of the virus, the World Health Organization (WHO)
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Emergency Committee declared a global health emergency based on

growing case notification rates at Chinese and international

locations (2). Finally, after three years, WHO announced on 5th

May 2023 that COVID-19 is no longer a public health emergency of

international concern, following a recommendation by the

organization’s COVID-19 emergency committee (3).

However, the prevalence of post-COVID disorders is gradually

on the rise (4). Post-COVID disorders are defined as a

heterogeneous clinical syndrome involving multiple organ

systems and encompassing pulmonary and extrapulmonary

disruption (5). It is further characterized by the persistence of

symptoms, usually for 3 months or more, and for at least 2

months, following an acute SARS-CoV-2 infection that cannot be

explained by an alternative diagnosis (6). Post-COVID disorders

have been found to occur in about 10%-30% of individuals infected

by SARS-CoV-2 and has recently been proposed to cause

neurologic symptoms in 30% of those infected (7). Some other

symptoms that might arise could include cardiovascular,

respiratory, digestive, and excretory complications (8, 9).

Although the exact mechanisms of action have not been

confirmed in such short time, some current hypotheses include

(i) persistent virus or viral antigens and RNA in tissues that drive

chronic inflammation, (ii) the triggering of autoimmunity after

acute viral infection, (iii) dysbiosis of microbiome or virome, and

(iv) unrepaired tissue damage (10, 11). Hence, there is a need to

develop safe and effective treatment alternatives to manage post-

COVID disorders in the long run.

“Medicine and Food Homology” (MFH) is a concept

introduced by Traditional Chinese Medicine (TCM) (12, 13). This

idea has a long history since our forefathers saw the manufacture of

TCM medical items and food as one and the same. This is mostly

owing to the shared roots of both TCMmedical products and foods,

and if utilized in conjunction, this could result in several health

benefits (13). MFH materials that fall under this category are

characterized by their concurrent usage as both food and

medicine, thus forming the basis of food therapy (14). In addition

to their ability to treat specific disorders, MFH materials are widely

employed in disease prevention due to their ease of incorporation

into our everyday meals (15). In terms of safety, the side effects of

food consumption are relatively mild, while drug or medicine

consumption possesses a higher risk of unwanted side effects (16).

Hence, it could be useful to explore the integration of MFH into the

diets of patients with post-COVID disorders, or as a means of

disease prevention upon recovery from COVID-19.

To the best of our knowledge, a thorough assessment of the use

of MFH in the treatment of post-COVID illnesses has not yet been

published. Reviews that are now available cover topics like the usage

of medications to treat post-COVID problems or the application of

TCM to treat COVID-19 (8, 17, 18). Therefore, we have decided to

review both the mechanisms of action of MFH medicinal foods and

post-COVID illnesses to investigate integrating MFH into the

treatment of post-COVID disorders.

Hence, this review aims to provide a brief introduction to the

concept of “Medicine and Food Homology”, before summarizing

the pathophysiological factors and clinical disorders arising post-
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COVID. We also aim to explore the usage of medicinal foods and

their mechanisms of action in the management of post-COVID

disorders and its complications.
2 “Medicine and food homology”

2.1 Concept

According to TCM theory, MFH refers to an overlapping

relationship between food and drugs, whereby the use of TCM as

a food product or a drug is largely dependent on its dosage (14).

TCM herbs with higher toxicity should be consumed in smaller

amounts, and the vice versa is true. Hence, MFH herbs are usually

low in toxicity and can be consumed in larger amounts as a source

of food. In recent years, the Chinese Ministry of Health has also

released a list of material which can be “used as both food and

drugs”, thus exemplifying the concept of MFH (13). This list is ever-

growing as research progresses, and today, there are over 100 types

of herbs that are recognized as MFH materials (14).
2.2 Relationship between TCM and food

TCM and food are intimately associated since both of their

sources, which are found in nature, are tied to each other. Materials

taken in vast quantities as part of a person’s diet are referred to as

foods, whereas substances with better therapeutic properties are

referred to as medications or medicine (19). The class of materials

known as MFH includes those that serve both dietary and

therapeutic purposes, proving that food and medicine are not

mutually exclusive. Walnuts, for instance, are frequently utilized

as ingredients in the preparation of foods like desserts or for

snacking. Walnuts do, however, also have a medicinal benefit in

TCM to enhance bowel movement (20). Hence, this example

highlights the close relationship between TCM and food. In

addition, TCM medical food therapy advocates maintaining a

well-balanced diet according to one ’s age, gender and

constitution, which is in line with the point of views of

nutritionists (21). According to nutritionists, a balanced diet

should include well-balanced levels of carbohydrate, protein, and

fat to ensure our bodies have enough basic metabolites like glucose

and amino acids to support optimal bodily function (22). Similarly,

TCM advocates for a well-proportioned diet which should consist

of a good balance of grains, fruits, livestock, and vegetables to

maintain the normal function of human body (23). Therefore, we

can draw parallels between TCM medical food therapy and

nutrition, thus showing the potential of TCM medical food

therapy in disease management.

However, there are differences between TCM and food. Some

factors to consider include the purpose of consumption, mode of

administration, mode of action, duration to onset of effects, and the

visibility of side effects. Therefore, even though they serve different

purposes, TCM and food are tightly intertwined. The dosage or

amount is the key to the variances. TCM as a medicine has the
frontiersin.org
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potential to have strong effects in little doses to treat conditions that

need urgent medical attention. On the other hand, they could also

have a longer-lasting and slower-acting effect when consumed as a

medicinal food, which could be useful in the treatment of chronic

disorders, which usually develop gradually (24). Figure 1 below

summarizes key relationships between TCM and food.

As a result, TCM is a strong therapeutic choice due to its

adaptability. A balanced diet has also been proven in studies to be

crucial for minimizing micronutrient deficiencies and preventing

viral infections such as SARS-CoV-2, and in the case of post-

COVID issues, which develop gradually, perhaps the longer-term

advantages of medicinal foods will prove effective in treating

them (25).
3 Pathophysiology of post-COVID
disorders

SARS-CoV-2 infection affects multiple body systems as the

main target for SARS-CoV-2 binding and infection, the

angiotensin-converting enzyme 2 (ACE2) receptor, is abundant in

cells of most organs (26). The binding of SARS-CoV-2 to the ACE2

receptor on the cell surface reduces ACE2 abundance and increases

Angiotensin II levels while decreasing Ang 1-9 and Ang 1-7, which

can cause inflammation, oxidative stress, fibrosis, thrombosis, cell

proliferation, salt and water retention, and vasoconstriction, thus

resulting in cell injury (27, 28). As ACE2 is closely implicated with

higher risks of cardiovascular complications and development of

cardiovascular diseases, dysfunction of ACE2 after virus binding

and dysregulation of the renin-angiotensin-aldosterone system

(RAAS) signaling may worsen the outcomes of people affected by

COVID-19 and with preexisting cardiovascular diseases (29). Most

patients experience a CD4 and CD8 cellular response as well as a

regulated inflammatory response, and they recover quickly.

Immune dysregulation coupled with high levels of cytokines

interleukin-1 (IL-1), IL-6, IL-2, and IL-10 occurs in individuals
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with more severe infection, hence resulting in the condition

“cytokine storm” (30).

Although the exact pathophysiological mechanisms of post-

COVID syndrome are not yet clearly elucidated, persistent

inflammation is thought to be a crucial pathogenic component.

According to studies, post-COVID patients experienced a hyper-

inflammatory acute phase with significantly raised C-reactive

protein CRP and IL-6 levels (31). An increase in circulating

cytokines, such as IL-6, which may cross the blood-brain barrier,

could lead to central nervous system (CNS) disorders, which may

eventually affect other organ systems as well (26). Furthermore,

SARS-CoV-2-mediated ACE2 failure might result in Angiotensin II

buildup, reducing the capacity to counteract the RAAS pathway

activation and contributing to the development of cardiovascular-

related complications (29). In addition, viral persistence of SARS-

CoV-2 has been postulated to be a key driver behind post-COVID

syndrome. Persistent virus reservoirs have been found in stool

samples post SARS-CoV-2 infection (32). It has also been shown

that at a year after SARS-CoV-2 infection, the SARS-CoV-2 protein

spike was detected in 60% of patients with post-COVID syndrome

and not in controls and the greater the number of organ systems

involved in symptoms, the greater was the amount of detectable

protein spikes (33). Hence, this further implies that post-COVID

symptoms could be due to some form of uncleared viral reservoir.

The pathophysiological effects of post-COVID disorders can be

split into three main stages, namely (1) direct cytotoxic effects, (2)

immunological effects and (3) apoptosis and injury to tissue and

organs. The sections below will elaborate on each of the following

stages, and a summary of the pathophysiology is illustrated in

Figure 2 below.
3.1 Direct cytotoxic effects

Pathogen-associated molecular patterns (PAMPs) are produced

during the early stages of SARS-CoV-2 infection. PAMPs have
FIGURE 1

Key relationships between TCM and food.
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immunogenic qualities and can cause a chain reaction of

immunological and metabolic alterations in several physiological

systems (34). Some examples of immunopathological patterns

include an increased content of C-reactive protein (CRP),

complement system components C3 and C4 and cytokines (TNF-

a, IL-6, IL-10, IL-18) activation, the formation of a wide range of

autoantibodies ANA and an overall low efficiency of endocytosis in

oxygen-independent phagocytosis (35). As the phagocytic activity

reaches its functional limit, activation of neutrophil traps occurs,

which can contribute to further induction of molecular cytotoxic

patterns, known as damage-associated molecular patterns

(DAMPs) (36). As a result, this leads to activation of barrier

innate immunity factors and a cytokine storm in some patients in

the acute period of SARS-CoV-2, which could eventually result in

multiple organ dysfunction syndrome (MODS) (37, 38). Along with

DAMPs generation, proteolytic enzymes are triggered, which may

result in vascular endothelial inflammation, significant lymphocytic

infiltration with complement protein participation, and the creation

of a membrane attack complex (39). Therefore, this could result in

cytotoxicity, and increased cell damage.

3.1.1 Cytotoxicity in cardiovascular cells
A study by Bojkova et al. has found that SARS-CoV-2 infects

and induces cytotoxic effects in human cardiomyocytes (40). In an

in vitro setting, it was discovered that SARS-CoV-2 infection of

cardiomyocytes is dependent on both ACE2 and cathepsin. Viral

infection also displayed cytotoxic effects and suppression of

cardiomyocyte beating, thus implying that SARS-CoV-2 infection

may have a long-term negative impact on the human heart.

Similarly, in a case study presented by Gauchotte et al, it was

discovered that viral infection of cardiomyocytes could induce

direct cell damage, but also indirect damage through a specific T

cell cytotoxic immune response (41). The case study being

investigated had a high proportion of CD8+ TIA1+ T
Frontiers in Immunology 04
lymphocytes, with half of these cytotoxic cells activated,

characterized by an expression of granzyme B.

A study by Pannucci et al. also proposed a mechanism in which

heart-produced hepatocyte growth factor (HGF) could induce T-

cell cardio-tropism and directly promote the recruitment of these

activated T lymphocytes to the heart, where they could elicit cell-

mediated cytotoxicity and destruction of myocardial tissue by

interacting with the receptor tyrosine kinase c-MET expressed on

naive T lymphocytes (42). T-lymphocyte-mediated cytotoxicity and

subsequent lysis of infected cardiomyocytes may arise from

recognition of the SARS-CoV-2 antigen presented by major

histocompatibility complex class I (MHCI) on the surface of

infected cardiomyocytes (43).

Collectively, these studies suggest that SARS-CoV-2-induced

fulminant myocarditis could be induced by a direct infection of

cardiomyocytes associated with an intense cytotoxic T cell

immune response.

3.1.2 Cytotoxicity in pulmonary cells
In lung tissue, histologic assessment revealed that diffuse alveolar

damage (DAD) and micro-thrombosis were the most common

histologic finding (44). Pneumocyte necrosis, desquamation and

hyperplasia with fibrin deposition, and interstitial inflammation

were the effects observed. Immunohistochemical findings also

suggested perivascular aggregation and diffuse infiltration of

alveolar walls by CD4+ and CD8+ T lymphocytes.

At a cellular level, a study by Cheon et al. has shown that tissue

resident cells from the respiratory tract expressed higher levels of

NKG7, a cytotoxic molecule that can promote lethal inflammation

after infection and granzyme K, an inflammatory granzyme that

promotes fibroblast activation (45–47). Clonally expanded T cells

from the bronchoalveolar lavage fluid (BAL) were also shown to

contain higher quantities of effector or cytotoxic molecules,

indicating that they were likely antigen-experienced T cells and
FIGURE 2

Pathophysiological effects of post-COVID disorders.
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correlated with lower lung function and worse lung pathology. An

increase in cytotoxic T cells in the BAL is associated with an

increased risk of epithelial damage and airway diseases (48).

Another study by Kaneko et al. has also demonstrated that

cytotoxic CD4+ T cells increase significantly in the lungs,

draining lymph nodes and blood as COVID-19 progresses (49).

Collectively, these studies demonstrate SARS-CoV-2-induced

cytotoxicity in pulmonary cells has negative impacts on lung

functions in the long run.

3.1.3 Cytotoxicity in hepatocellular cells
SARS-CoV-2 liver damage is caused by direct cytotoxicity of

SARS-CoV-2 virus replication in the liver, which is caused by

factors such as severe systemic inflammatory response syndrome

(SIRS) in COVID-19, hypoxic conditions, vascular changes, drug-

induced liver injury (DILI), and previous exacerbations of liver

disease (50). Analysis also showed elevated levels of

proinflammatory CCR6+Th17 in CD4 T cells and cytotoxic

granulations in CD8 cells (51).

A previous study by Banales et al. has also shown that in

COVID-19 patients, there was elevated ACE2 expression in

cholangiocytes and hepatocytes (52). Cholangiocyte structural and

functional abnormalities could result in impaired bile production,

inflammation, fibrosis, and liver dysfunction, resulting in an overall

increase in ACE2 expression in liver tissue, which could be one of

the mechanisms of liver damage induced by SARS-CoV-2 infection.

Collectively, patients infected with SARS-CoV-2 may develop

hypoxic-ischemic liver injury, thus affecting the regulation of

hepatocellular ACE2 expression (50, 53). As a result,

extrapulmonary SARS-CoV-2 occurs and complications such as

heart failure and hepatic congestion may arise (54).

3.1.4 Cytotoxicity in renal cells
The SARS-CoV-2 virus has been shown to affect the renal cells

via direct cytotoxicity (55). Due to abundant expression of ACE2 in

the kidney, which is used by SARS-CoV-2 to enter host tissue, this

could be a possible reason to account for increased cytotoxic effects

in renal cells (56).

The kidney’s tubulo-interstitial compartment was also

discovered to be a major location of cytotoxicity. A possible

mechanism of tubular injury is direct cytotoxic action of the virus

in the tubules, resulting in mitochondrial malfunction, acute

tubular necrosis, tubular proteinuria, and hematuria (56).
3.2 Immunological dysregulation

Overall, one common trend amongst post-COVID patients was

elevated cytokine levels. Inflammatory cytokines such as IL-6, TNF-a,
and IL-1b were found to be elevated in post-COVID patients (57).

IFN- b and IFN-l1 levels also remained elevated 8 months after

infection in post-COVID patients compared with recovered controls

(58). Hence, the persistence of viral components could result in

chronically elevated IFNs and cytokine levels, thus leading to

common post-COVID symptoms such as persistent low-grade fever.
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Another trend observed was the high levels of auto-antibodies

(autoAbs) in post-COVID patients (59). A study found that G-

protein coupled receptor (GPCR) functional autoAbs were found in

post-COVID patients. These autoAbs could either activate their

target receptors, causing a positive chronotropic effect in neonatal

rat cardiomyocytes or cause a negative chronotropic effect (60).

Such autoAbs stimulation could affect the cardiovascular,

pulmonary, and the central nervous systems, which could have

contributed to the pathogenesis of post-COVID disorders (61).

Furthermore, an examination of antinuclear autoAbs utilizing 102

clinically mapped auto-antigens revealed a link between antinuclear

antibodies such U1-snRNP and anti-SS-B/La with residual

symptoms and inflammation 12 months after acute SARS-CoV-2

infection (59).TNF-a, D-dimer and IL-1b were also primarily

responsible for persistent inflammation in post-COVID patients.

Hence, autoAbs can be induced via SARS-CoV-2 infection, which

could subsequently play a role in the persistence of post-COVID

syndrome as well.

Lastly, dysregulated immune response was a recurring

characteristic of post-COVID patients (62). In post-COVID

patients, decreased concentration of IgG3 subclass immunoglobulins

was observed, which constitute the predominant antibody responses

against COVID -19 (63). The presence of anti-idiotype antibodies

against SARS-CoV-2 SIgG has also recently been proposed as a

mechanism of downregulation of the specific humoral response by

binding to protective neutralizing antibodies, resulting in immune

complex formation and clearance (64). Hence, an impaired humoral

immune response could then result in persistent COVID -19 infection

or the formation of an antigenic reservoir, giving rise to immune

stimulation, sustained inflammation and autoreactivity (65, 66).
3.3 Apoptosis and injury to tissue
and organs

SARS-CoV-2 can directly infect vascular endothelial cells (ECs),

with subsequent systemic endotheliitis and cellular apoptosis (67,

68). ECs are important cells in our body, and are responsible for the

regulation of key physiologic processes such as blood rheology,

vasomotor tone regulation, osmotic balance, and vascular barrier

function (69, 70). The degree of apoptosis of pulmonary

microvascular endothelial cells in patients infected with SARS-

CoV-2 has also been shown to correlate with disease severity

(71). With a loss of function of ECs, this could give rise to a host

of vascular complications, which could pose serious health concerns

in the future. Endothelial cell damage followed by activation are

considered key steps in thrombus formation and studies have

shown that early post-mortem acute infection showed

microthrombi of the small myocardial vasculature in most cases

(72). Therefore, COVID-19-associated coagulopathy is a critical

component of pathogenesis, especially on endothelial cells (73). The

persistence of aberrant levels of sustained endotheliopathy and

hypercoagulability after acute SARS-CoV-2 infection may thus

correlate with the induction of persistent post-COVID

symptoms (74).
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1234307
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Ng et al. 10.3389/fimmu.2023.1234307
It was also revealed that patients with post-COVID disorders

had considerably greater levels of expression of the markers CD95

and CD54 (75). Apoptosis is marked by CD95, while intracellular

adherence is marked by CD54 (76, 77). As a result, these findings

point to a persistently high level of dysfunctional immune response

in the short term after recovery, and the expression of the

intercellular adhesion molecule demonstrates the involvement of

the vascular wall endothelium in the inflammatory process as one of

the mechanisms of post-COVID syndrome pathogenesis.

3.3.1 Injury to cardiovascular system
According to histological assessment, it was postulated that

perivascular infiltration of T lymphocytes might have played a role

in myocardial injury by disrupting microvascular perfusion and/or

T lymphocyte cytotoxic effects (44).

Microthrombi are another typical histopathologic finding in

post-COVID patients’ heart tissue (78). Although micro thrombosis

is a normal physiological occurrence, if it is disrupted by immune

responses, as in the case of severe SARS-CoV-2 infection, it can lead

to significant cardiac necrosis. Pathologic features such as increased

systemic inflammatory biomarkers, significant neutrophil

infiltration, and clot composition are also detected in this case.

3.3.2 Injury to respiratory system
Diffuse alveolar damage (DAD) was observed, including

exudative, proliferative, and fibrotic, suggesting ongoing cycles of

lung damage, likely arising from persistent viral replication in the

lung tissue and subsequent T cell over-activation and cytokine

storms (44). The presence of micro-thrombi was also observed in

the pulmonary microvasculature, which might have resulted from a

systemic hypercoagulable state.

Pulmonary fibrosis is also a common occurrence in patients

post-COVID, especially after acute respiratory distress syndrome

(ARDS) (79). It is characterized by chronic inflammation, leading to

lowered protective lung ventilation function. Pathological

characteristics include DAD which is characterized by an initial

(acute inflammatory) exudative phase with edema, hyaline

membranes, and interstitial acute inflammation, followed by an

organizing phase with loose organizing fibrosis mostly within the

alveolar septa, and type II pneumocyte hyperplasia (80).

3.3.3 Injury to digestive system
Histological assessment revealed central perivenular necrosis and

neutrophilic lobular micro-abscess formation, along with sinusoidal

lymphocytosis (44). The related micro-vesicular steatosis, arising

from acquired cellular oxidative defects, can also be a detrimental

prognostic feature (81). The pathologic findings were also noted to be

like that observed in patients with influenza H1N1, Cytomegalovirus,

Epstein-Barr Virus, or drug-induced hepatitis.

3.3.4 Injury to urinary system
Histological assessment of kidney tissue revealed acute tubular

injury, such as necrosis and flattening of tubular epithelium,

multiple tubular casts, and interstitial oedema, on top of chronic

changes including interstitial nephritis and tubular atrophy (44).
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These findings correlate with past findings that persons with

chronic renal disease are more susceptible to severe infection by

SARS-CoV-2 (82).
4 Role of medicinal foods in managing
post-COVID complications

Post-COVID complications have been found to implicate many

body systems, which include the cardiovascular, respiratory,

urinary, nervous digestive, genital, and integumentary systems.

The complications regarding the individual body systems are

elaborated in the sections below, and a summary diagram of the

is shown in Figure 3 below. A list of potential TCM medicinal foods

and their mechanism of action is also summarized in Table 1 below.
4.1 Cardiovascular system

Cardiovascular complications are a common occurrence in

patients infected with SARS-CoV-2. According to a study by the

University of Frankfurt, it was discovered that amongst COVID-19

patients, 78% of patients exhibited cardiac issue and 60% of patients

exhibited cardiac inflammation, with severe cases showing elevated

troponin levels (156). As a result, this leads to a series of

complications including arrythmia, cardiac muscle diseases and

heart failure (157, 158). Furthermore, other symptoms such as

continuing palpitations and chest pain were observed up till 6

months after recovery (38, 159).

Therefore, one of the primary treatment goals is to reduce

inflammation. Curcuma longa is one such therapeutic food with

anti-inflammatory qualities (103). Curcumin, extracted from

Curcuma longa, was discovered to inhibit cytokine production,

specifically IL-1, IL-6, pro-inflammatory cytokines, and TNF-a,
and therefore to have anti-inflammatory effect in COVID-19

patients (160). Similarly, glycyrrhizic acid and glycerrhitinic acid

produced from Glycyrrhiza glabra have been demonstrated to have

anti-inflammatory properties similar to glucocorticoids and

mineralocorticoids, making them promising candidates for the

treatment of inflammatory disorders (114). Flavonoids and

triterpenoids from Glycyrrhiza glabra also possess cardioprotective

abilities (115). Piper nigrum extracts were also discovered to decrease

TNF-a induced NF-kB activation as well as inhibit COX-1 and

COX-2 production, demonstrating anti-inflammatory and

cardioprotective properties (130). Hence, such medicinal herbs

could be helpful in the reduction of inflammation to minimize

post-COVID cardiac muscle and cell damage.

Another key treatment goal is the inhibition of the ACE2

receptor and TMPRSS2 protease, which are responsible for

mediating SARS-CoV-2 viral entry into the cells (161). In

addition to its cardioprotective properties, I-Asarinin, a

component of Piper longum, was recently discovered to have

significantly higher binding activities with ACE2 and TMPRSS2,

inhibiting viral entry, which could be useful for the prevention of

subsequent re-infections (128).
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4.2 Respiratory system

As the lungs are the main target of the SARS-CoV-2 virus,

pulmonary symptoms are commonly observed in COVID-19

patients. Due to the dysregulated immune response caused by

SARS-CoV-2 infection, this increases the production of

proinflammatory factors (such as IL-1, IL-9, and IL-8) and

inflammatory mediators (such as chemokines and cytokines),

which damages the alveolar epithelial cells (46). Hence, alveolar

injury results in a reduction in the lungs’ oxygen exchange capacity,

resulting in hypoxemia (162). With the vicious cycle of

inflammation and alveolar destruction, this could also possibly

lead to the onset of ARDS and pulmonary fibrosis (79). Alveolar

injuries also cause blood clots to form in COVID-19 patients,

leading to problems such as pulmonary embolism and stroke

(163). Hence, two main pathologic effects of such viral lung

infection are inflammation and pulmonary fibrosis (164). These

severe complications could have negative impacts on one’s

respiratory health in the long run.

Among the many pulmonary symptoms observed, one of the

most common symptoms is dyspnea. Studies have found that
Frontiers in Immunology 07
dyspnea has been reported in 42% to 66% of cases at 60 to 100

days of follow-up (165). CT scans of patients reporting dyspnea also

showed signs of lymphadenopathy, pleural effusion and cavitations

(166). Olfactory dysfunction is also another common respiratory

symptom observed in post-COVID patients. This symptom is

believed to be caused by damage mediated by viral invasion of

ACE2 and TMPRSS2 receptors on cells in the nasal and olfactory

epithelium (167, 168). In most cases, olfactory dysfunction resolves

in about two weeks, with a mean recovery duration of 9 days (169).

However, some patients develop olfactory dysfunction which could

persist for an extended period (170).

One of the main treatment goals of respiratory disorders is the

management of inflammatory cytokine levels. Astralagus

membranaceus and Lonicera japonica extracts have been

demonstrated to upregulate selected microRNAs, lower SARS-

CoV-2 pathogenesis, and inhibit pro-inflammatory cytokines IL-6

or TNF-a, all of which are important pathogenic contributors in

cytokine storms (88). Additionally, Lonicera japonica has been

shown to inhibit ACE2 binding and viral entry, which could

alleviate the symptoms of olfactory dysfunction as well (122).

Mogroside IIIE, a triterpenoid glycoside found in Siraitia
FIGURE 3

Summary of Post-COVID disorders by body system.
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TABLE 1 Summary of potential TCM medicinal foods to manage post-COVID disorders.

Name Main Active
Ingredients

Consumed
Part

Bioactivities Body
system(s)
targeted

Potential
clinical
benefits

References

Angelica
dahurica

Coumarins,
volatile oils,

polysaccharides

Root Analgesic, anti-inflammatory, anti-tumor, anti-
depressant, and antioxidative

Integumentary ↓ Skin itching
↓ Pain and
swelling

(83, 84)

Armeniaca
vulgaris

Amygdalin Seed Antioxidative, anti-tumor Integumentary ↓ Acne
formation

↑ Skin moisture

(85–87)

Astragalus
membranaceus

Polysaccharides Root Immunomodulation, antioxidative, antitumor,
anti-diabetes, antiviral, hepatoprotection, anti-

inflammatory, anti-atherosclerosis, and
neuroprotective

Nervous
Respiratory

Cardiovascular
Urinary

↑ Neurological
protection

↑ Respiratory
health
↑

Cardiovascular
protection
↑ Renal

protection

(88–90)

Carica papaya Phenolics,
flavonoids,
alkaloids

Fruit Anti-inflammatory, hypoglycemic, anti-fertility,
abortifacient, hepatoprotective, wound healing,

and anti-tumor

Digestive ↑
Gastrointestinal

health
↑ Digestion

(91, 92)

Cassia fistula Anthraquinones,
anthraquinone
glycosides

Seed Antioxidative, antimicrobial, anti-inflammatory,
antidiabetic, anti-tumor, hepatoprotective

Urinary
Cardiovascular
Respiratory
Digestive

↑ Vision
↑

Cardiovascular
protection

↑ Respiratory
function
↑ Bowel

movement

(93–95)

Cinnamomum
verum

Cinnamaldehyde,
camphor

Bark Antioxidative, antimicrobial, and antidiabetic Respiratory
Nervous
Urinary
Digestive

↑ Respiratory
function
↑ Renal

protection
↑

Gastrointestinal
health

↑ Neurological
function

(96–98)

Chrysanthemum
indicum

Flavonoids,
terpenoids,

polysaccharides
and unsaturated

fatty acids

Flower Antioxidative, antimicrobial, anti-inflammatory,
anti-tumor, anti-allergic, anti-obesity, immune

regulation, hepatoprotective and
nephroprotective

Cardiovascular
Nervous
Urinary
Digestive

↑
Cardiovascular
protection
↑ Renal

protection
↑

Gastrointestinal
health

↑ Neurological
protection

(99, 100)

Crataegus
pinnatifida

Flavonoids,
phenols,

terpenoids and
polysaccharides

Fruit, flower,
leaf

Antioxidative, anti-inflammatory, anti-diabetic,
anti-tumor

Cardiovascular
Digestive

↑
Cardiovascular
protection
↑ Digestion
↑ Appetite

(101, 102)

Curcuma longa Curcumin Rhizome Anti-inflammatory, antioxidative,
antimutagenic, antidiabetic, antibacterial,

hepatoprotective, expectorant and anti-tumor

Cardiovascular
Nervous
Urinary
Digestive
Respiratory

↑
Cardiovascular
protection
↑ Renal

protection
↑ Respiratory

health
↑

(103)

(Continued)
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TABLE 1 Continued

Name Main Active
Ingredients

Consumed
Part

Bioactivities Body
system(s)
targeted

Potential
clinical
benefits

References

Gastrointestinal
health

↑ Neurological
protection

Foeniculum
vulgare

Trans-anethole,
anethole,
fenchone

Fruit Antibacterial, antifungal, antiviral,
antioxidative, anti-inflammatory,
antimutagenic, antinociceptive,

hepatoprotective, bronchodilatory, and memory
enhancing

Digestive ↑
Gastrointestinal

health
↑ Bowel

movement

(104)

Folium mori Flavonoids,
phenolic acids,

alkaloids

Leaves Antioxidative, hypoglycemic, anti-cholesterol
(affecting lipid metabolism), anti-obesity, anti-

inflammatory, anti-tumor

Cardiovascular
Nervous
Urinary

Respiratory

↑
Cardiovascular
protection

↑ Neurological
function
↑ Renal

protection
↑ Respiratory

health

(105, 106)

Fructus
barbarum

Ascorbic acid,
thiamine, and
riboflavin

Fruit Antidiabetic, antiproliferative, preserving retinal
function, and antioxidative activity

Nervous ↑ Neurological
function

↑ Sleep quality
↓ Fatigue

(107, 108)

Fructus
gardeniae

Geniposides Fruit Hepatoprotective, choleretic, anti-inflammatory,
antioxidative, neuroprotective, anti-diabetic,

anti-apoptotic and anti-tumor

Nervous ↓ Headaches
↑ Neurological

function

(109, 110)

Gastrodia elata Polysaccharides Rhizome Anti-tumor, antiviral, antiosteoporosis,
antioxidative immunomodulatory, and

neuroprotective

Nervous ↓ Blood
pressure

↑ Neurological
function

(111–113)

Glycyrrhiza
glabra

Flavonoids,
glycyrrhizin

Root, stem Antibacterial, antioxidative, antimalarial,
antispasmodic, anti-inflammatory, anti-hyper
glycemic, antiulcer, antiviral, antihepatotoxic,

antifungal

Digestive
Respiratory

Cardiovascular

↑
Gastrointestinal

health
↓ Abdominal

pain
↑ Respiratory

health
↑

Cardiovascular
protection

(114, 115)

Houttuynia
cordata

Essential oils,
alkaloids

Leaves Antioxidative, anti-inflammatory, and antiviral Respiratory
Urinary

↑ Respiratory
health
↑ Renal
function
↑ Renal

protection

(116, 117)

Hovenia dulcis Flavonoids Fruit Hepatoprotective, antioxidative, antimicrobial
and antidiabetic

Cardiovascular
Nervous

↑ Alcohol
detoxification

↓ Blood
pressure

↑ Neurological
protection

(118, 119)

Illicium verum Flavonoids Fruit Antioxidative, antimicrobial, antifungal,
anthelmintic, insecticidal, secretolytic,
antinociceptive, anti-inflammatory,

gastroprotective, sedative, expectorant and
spasmolytic, and estrogenic

Digestive ↑
Gastrointestinal

health
↓ Abdominal

pain

(120, 121)

(Continued)
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TABLE 1 Continued

Name Main Active
Ingredients

Consumed
Part

Bioactivities Body
system(s)
targeted

Potential
clinical
benefits

References

Lonicera
japonica

Triterpenoid
saponins and
sapogenin

Flower Hepatoprotective, anti-inflammatory, anti-
bacterial, anti-allergic, immunomodulatory,

anti-tumor, molluscicidal

Respiratory ↑ Throat relief (88, 122, 123)

Mentha piperita Menthol,
rosmarinic acid,

flavonoids

Leaves Antimicrobial, antiviral, antioxidative, anti-
tumor, antiallergenic

Respiratory ↑ Throat relief (124)

Olea europaea Polyphenols,
glycosides

Leaves, fruit Antioxidative, hypoglycemic, antihypertensive,
antimicrobial, and antiatherosclerotic

Nervous
Urinary
Digestive

↑ Renal
protection

↑ Neurological
protection

↑
Gastrointestinal

health

(125–127)

Piper longum Alkaloids Fruit Anti-amoebic, anthelminthic, anti-tumor and
anti-diabetic

Cardiovascular
Nervous
Urinary
Digestive
Respiratory

↑
Cardiovascular
protection
↑ Renal

protection
↓ Abdominal

pain
↑ Neurological
protection
↑ Renal
function

(128, 129)

Piper nigrum Alkaloids Seed Antihypertensive, antiplatelet, antioxidative,
antitumor, anti-asthmatics, analgesic, anti-
inflammatory, anti-diarrheal, antispasmodic,

antidepressants, immunomodulatory,
anticonvulsant, anti-thyroids, antibacterial,

antifungal, hepatoprotective

Cardiovascular
Nervous
Urinary
Digestive

↑
Cardiovascular
protection

↑ Neurological
function
↑ Renal

protection
↑

Gastrointestinal
health

(130, 131)

Phyllanthus
emblica

Phenolic acids Fruit Antidiabetic, hypolipidemic, antibacterial,
antioxidant, antiulcerogenic, hepatoprotective,

gastroprotective

Cardiovascular
Nervous
Urinary
Digestive
Respiratory

↑
Cardiovascular
protection

↑ Neurological
protection
↑ Renal
function

↑ Throat relief
↑ Appetite

(132, 133)

Poria cocos Polysaccharides,
triterpenoids

Sclerotium Anti-tumor, anti-inflammatory, antioxidative,
and antiviral

Integumentary
Nervous
Digestive

↓ Acne
formation

↑ Neurological
function

↑
Gastrointestinal

health

(134, 135)

Rubus chingii Phenolic acids,
terpenoids,
flavonoids

Fruit Antioxidative, anti-inflammatory, and anti-
tumor

Genital ↑ Reproductive
health

(136, 137)

Portulaca
oleracea

Flavonoids,
alkaloids, fatty

acids

Whole plant Neuroprotective, antimicrobial, antidiabetic,
antioxidative, anti-inflammatory,
antiulcerogenic, and anticancer

Integumentary ↓ Acne
formation

↑ Skin moisture

(138, 139)

(Continued)
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grosvenorii, was also found to inhibit lung fibroblast collagen

product ion by blocking inflammatory-induced direct

differentiation of lung pericytes and resident fibroblasts, making it

an effective pulmonary fibrosis inhibitor (143, 144). Sterculiae

lychnophorae has also been used for a long time to treat

inflammatory respiratory disorders such as pharyngitis by

inhibiting histamine, serotonin, bradykinin, and prostaglandins,

all of which are major mediators of acute inflammation (146).

Folium mori also contains rutin, choline, and folic acid, all of which

possess anti-inflammatory properties that can help with respiratory

tract inflammatory conditions (105).

Another main treatment goal is to reduce the presence of

reactive oxygen species (ROS), which causes lung injury. Extracts

of Mentha piperita and Houttuynia cordata have been reported to

be high in antioxidants, which scavenge free radicals and minimize

lung cell damage (116, 124). Furthermore, Houttuynia cordata also
Frontiers in Immunology 11
possesses anti-inflammatory action and modulates the release of

inflammatory factors to reduce lung damage (117).
4.3 Urinary system

Renal conditions are also commonly reported in patients

recovering from SARS-CoV-2 infection. During the infection, the

SARS-CoV-2 virus infiltrates the kidney and binds to ACE2, thus

damaging renal resident cells, and causing angiotensin

dysregulation, innate and adaptive immune pathway activation,

and hyper-coagulation (171). Some resulting complications include

acute kidney injury (AKI), electrolyte disturbances, and renal

replacement therapy (RRT) (172). Amongst these complications,

AKI is a prominent cause of COVID-19-related death (173). AKI

could also lead to long-term renal complications in patients such as
TABLE 1 Continued

Name Main Active
Ingredients

Consumed
Part

Bioactivities Body
system(s)
targeted

Potential
clinical
benefits

References

Prunus mume Phenolics,
flavonoids,
organic acids

Fruit Antidiabetic, hepatoprotective anti-tumor, anti-
inflammatory and antimicrobial

Integumentary
Respiratory

↑ Skin moisture
↑ Throat relief

(140)

Rhizoma
dioscorea

Polysaccharides,
dioscin,

diosgenin,
allantoin,
alkaloids,
phenolics

Rhizome Antioxidative, anti-inflammatory,
gastrointestinal protection, gut microbiota

regulation, hypoglycemic activity, anti-tumour,
and oestrogen-like effect

Urinary
Digestive

↑
Gastrointestinal

health
↑ Renal

protection

(141, 142)

Siraitia
grosvenorii

Triterpene
glycosides

Fruit Antidiabetic, anticarcinogenic, antibacterial,
antioxidative, and antiallergic

Respiratory ↓ Cough
↑ Throat relief

(143–145)

Sterculiae
lychnophorae

Polysaccharides Seed Anti-inflammatory Respiratory
Digestive

↑ Throat relief
↑ Bowel

movement

(146, 147)

Syzygium
aromaticum

Essential oils Flower bud Antiseptic, analgesic, antiplatelet,
antithrombotic, chemoprotective, antipyretic

Nervous
Urinary
Digestive

↑
Gastrointestinal

health
↑ Neurological

function
↑ Renal

protection

(148–150)

Torreya nucifera Seed oils Seed Antioxidative, anti-inflammatory, anti-
nociceptive

Digestive ↑ Bowel
movement

↑
Gastrointestinal

health

(151–153)

Zingiber
officinale

Sesquiterpenoids,
zingiberene

Rhizome Antioxidative, anticancer, anti-inflammatory,
anti-apoptotic, anti-hyperglycemic, anti-

hyperlipidemic and anti-emetic

Cardiovascular
Nervous
Urinary
Digestive

↑
Gastrointestinal

health
↓ Abdominal

pain
↑

Cardiovascular
protection
↑ Renal

protection
↑ Neurological
protection

(154, 155)
↑, Decreased; ↓, Enhanced.
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microalbuminuria and chronic kidney diseases, thus requiring

intensive care such as routine dialysis (174).

Hence, one of the primary treatment goals is to minimize renal

inflammation. Olea europaea is one medicinal plant that can

accomplish this. Oleuropein, a glycosylated secoiridoid found in

Olea europaea fruit and leaves, is a kind of phenolic bitter molecule

that has the capacity to suppress inflammatory cytokines (IL-6,

TNF-a, and IL-1) and NF- kB activation. As a result, this increases

anti-inflammatory actions (125). Similarly, Rhizoma dioscorea has

been shown to reduce IL-1b, IL-6, and TNF-a levels to reduce renal

inflammation (141).

Additionally, inhibiting ACE2 is also critical in the treatment of

urinary related post-COVID diseases. Syzygium aromaticum and

Cinnamomum verum were discovered to inhibit SARS-CoV-2 spike

protein binding to ACE2 and reduce ACE2 function in a dose-

dependent manner (96, 148).
4.4 Nervous system

Neurological problems have also been described in SARS-CoV-

2-infected individuals. Infection with SARS-CoV-2 has been

demonstrated to reduce the amount of ACE2 receptors in the

brain stem, resulting in the death of neurons and the loss of

function of many baroreceptors (175). Additionally, elevated

cytokine levels post-COVID were also correlated to the

occurrences of migraine-like and late-onset headaches (176, 177).

After COVID-19 recovery, complications such as auditory and

visual hallucinations, schizophrenia, PTSD, and epilepsy were also

documented (17). Studies have also found a significant frequency of

sleep and mental disorders in patients following COVID-19

recovery (38, 178). In addition, patients infected by SARS-CoV-2

are challenged by severe stressors, including fear of death from life-

threatening illness, pain from medical interventions, endotracheal

intubation, limited ability to communicate, and the feeling of losing

control (179). In some instances, these neurological manifestations

can be calamitous and can even lead to death.

“Parkinsonism” is also a common occurrence reported in

individuals who have recovered from SARA-CoV-2 infection.

SARS-CoV-2 has been detected in the brain and the cerebrospinal

fluid of affected patients (180). The dynamic pro-inflammatory state

of COVID-19 accompanies abnormal accumulation of a-synuclein
in nerve fibers, neurons, and glial cells, which leads to increased

oxidative stress and causes neuro-inflammation and Parkinson’s

disease symptoms (181, 182). Hence, this leads to patients

displaying behaviors such as including progressive rigidity,

bradykinesia, postural instability, oculomotor abnormalities and

cognitive impairment, despite not being diagnosed with Parkinson’s

disease (183).

Vertigo is another symptom reported in post-COVID patients.

It is believed to be attributed to the neuroinvasive potential of the

SARS-CoV-2 virus (184). Although the exact mechanisms of action

are not yet well elucidated, the onset of post-COVID vertigo is

hypothesized to be complex, with elements such as excessive

inflammatory response, neurotransmission abnormalities, chronic

virus damage, and functional modifications all playing a role (185,
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186). Furthermore, because the SARS-CoV-2 virus has the potential

to target the inner ear, which is particularly vulnerable to ischemia,

this might result in vascular problems, induced hypercoagulability,

and the production of microthrombi in the inner ear, leading to

severe ear injury (187). Hence, the development of vertigo should be

addressed in a safe and effective manner to avoid long-term harm to

the patients.

Hence, one important therapy objective is to minimize

neurological inflammation. Hovenia dulcis has been proven to

have neurological anti-inflammatory properties in the brain by

inhibiting p38MAPK, iNOS, and Nrf2 (118). Similarly, extracts of

Phyllanthus emblica have been demonstrated to inhibit

acetylcholinesterase and butyrylcholinesterase, thus showing anti-

inflammatory and neuroprotective properties (132). In in vivo

models, Chrysanthemum indicum extracts have also shown anti-

inflammatory properties, reducing neuronal damage and ischemia

complications (99).

To manage Parkinsonism, one well-studied medicinal food is

Fructus barbarum. Fructus barbarum has long been known for its

antioxidant capabilities, and its antioxidative characteristics have

been demonstrated to promote neuroprotect ion and

neuroplasticity, both of which are important in the treatment of

neurological illnesses such as Parkinsonism (107). Another

important therapeutic objective in the treatment of Parkinsonism

is to reduce the excessive buildup of a-synuclein. In animal models,

geniposide from Fructus gardenia was reported to diminish a-
synuclein via disrupting protein interactions (109). Furthermore,

geniposides were discovered to exhibit antidepressant properties,

which may be effective in treating depressive symptoms in post-

COVID patients (110).

Lastly, Gastrodia elata could be an effective medicinal food to

manage post-COVID vertigo. Gastrodin, a bioactive molecule

derived from Gastrodia elata, has been used as an injectable for

vertigo therapy and has been proved to be safe and effective in many

clinical trials (188). In addition, in vivo studies have shown that

Gastrodia elata extract exhibited anti-depressive effects, improved

cognitive impairment, and regulated gut microbiome and

metabolite regulation (111). Furthermore, Gastrodia elata extracts

have been demonstrated to alleviate Parkinson Disease symptoms

by protecting dopaminergic neurons, lowering a-synuclein buildup,
and decreasing neuroinflammation, which might be useful in

Parkinsonism management (189). Collectively, Gastrodia elata

has the potential to be used as a medicinal food to treat post-

COVID neurological issues.
4.5 Digestive system

Patients who have recovered from SARS-CoV-2 infection have

reported experiencing gastrointestinal issues. The presence of the

ACE2 receptor in the GI tract may also be a contributing factor to

the occurrence of gastrointestinal illnesses (190). Infection by

SARS-CoV-2 has been shown to change the gut microbiota,

reducing beneficial commensals and hence favoring opportunistic

infectious agents (191). For instance, Faecalibacterium prausnitzii,

which is a beneficial butyrate-producing anaerobe associated with
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good gut health, was shown to be inversely linked to disease severity

in COVID-19 (38). Dysbiosis, visceral hypersensitivity, and

increased intestinal permeability are also examples of reported

manifestations. These conditions result in insufficient bile acid

absorption as well as issues with various metabolic pathways (17).

Hence, this could result in the liver being implicated as well, as

evidenced by increased levels of enzymes such as higher levels of

alkaline phosphatase (ALP), serum glutamic–pyruvic transaminase

(SGPT), serum glutamic–oxaloacetic transaminase (SGOT) and

bilirubin (192). Some patients have also reported higher serum

pro-inflammatory cytokine and chemokine levels (193). In

addition, evidence also suggests the possible onset of short-term

functional gastrointestinal disorders or dysregulated gut–brain

interactions after SARS-CoV-2 infection (194).

Carica papaya is one probable therapeutic food that might be

useful in the treatment of gastrointestinal issues. Carica papaya

extracts have been demonstrated to lower gastric juice volume and

acidity in a dose-dependent manner, thus exhibit ing

gastroprotective properties and preventing ulcer development

(91). Studies have also shown that a mixture of Illicium verum

and Matricaria chamomilla exerts an anti-motility effect and

decreases induced diarrhea in mice, thus showing potential to

treat and alleviate gastrointestinal problems (120). Another herb,

Zingiber officinale, has also been long used in managing chronic

gastrointestinal conditions via its antioxidant and anti-

inflammatory properties (154). Lastly, Crataegus pinnatifida is

another popular plant that improves gastrointestinal carbohydrate

and fat digestion and absorption, hence improving gastrointestinal

function and health (101).

Another key mode of mediating gastrointestinal problems is via

the modulation of gut microbiota. Torreya nucifera seed oil has

been shown to significantly increase the abundance of beneficial

bacteria and short-chain fatty acid producers such as Lactobacillus,

Bifidobacterium, Faecalibaculum and Allobaculum (151). Poria

cocos polysaccharides have also been shown to modulate gut

microbiota such as Akkermansia and Faecalibacterium, which

could be beneficial in the long-term management of chronic

gastrointestinal disorders (134).

In the event that the liver has been implicated post-COVID,

Cassia fistula extracts have been shown to decrease ALP, SGOT and

SGPT levels, thus improving oxidative stress and hepatic toxicity

markers (93). Similarly, Foeniculum vulgare and its active

component trans-anethole have been shown to boost high-density

lipoprotein cholesterol catalase activity and thiol content, as well as

improve hepatic toxicity indicators, hence lowering liver damage

and fibrosis (104). Furthermore, Torreya nucifera seed oil was

demonstrated to lower liver and fat indices, total cholesterol,

triglycerides, and low-density lipoprotein cholesterol, hence

alleviating pathological liver damage induced by a high-fat

diet (151).
4.6 Genital system

The infection of SARS-CoV-2 could produce post-COVID

reproductive complications primarily in males. Infection of Sertoli
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cells via their ACE2 receptors destroys the seminiferous epithelium

barrier of the cells, thus leading to dysfunction of the

spermatogenesis cycle (195). This could lead to decreased

spermatogenesis and reduced sperm production. In addition,

studies have shown that SARS-CoV-2 infection could also result

in decreased sperm motility. A study by Valdiva et al. has shown

that a decrease of the ACE2 receptor due to the viral attack

decreases sperm motility because the ACE2-angiotensin-(1–7)-

Mas receptor maintains sperm mobility by activating the PI3K/

AKT pathway (196).

In female patients, menstrual disturbances are a common class

of symptoms reported (197). However, these menstrual changes are

thought to be transient and with no reported long-term

consequences and could be attributed to immune response

mediated stress (198). Cytokines and glucocorticoids have also

been found in studies to effect on the hypothalamic-pituitary

gonadal axis, arachidonic acid pathways, and the uterus, which

may result in pregnancy-related unfavorable outcomes such as

premature labor and miscarriages (199, 200). With these

consequences mostly attributed to the inflammatory cytokine

storm caused by SARS-CoV-2 infection, it is hypothesized that

when inflammatory levels diminish post-COVID, these negative

effects will as well.

One medicinal food which could be essential in the

management of reproductive complications is Rubus chingii.

Rubus chingii has traditionally been utilized in TCM to treat

reproductive issues such as enuresis , impotence, and

spermatorrhea (136). Although the exact mechanism of action

has not been determined, animal studies have shown that using

Rubus chingii in the TCM formula “Wu Zi Yan Zong Wan”

increased sperm density, viability, and Ca2+ content in the sperm

cytoplasm and mitochondria, thus improving overall sperm quality

in males (137). Similarly, the use of Rubus chingii in a TCM formula

called “He’s Yang Chao Recipe” was found to protect the ovaries

from damage, reduce oxidative stress, and improve ovarian function

in mice with primary ovarian insufficiency by inhibiting PINK1-

Parkin mitophagy and NLRP3 inflammasome activation in female

mice models (201).
4.7 Integumentary system

Amongst patients who have recovered from SARS-CoV-2

infection, several of them have reported dermatological issues.

SARS-CoV-2 infection has been reported to cause telogen

effluvium, which results in the most common dermatological

complication reported being hair loss (38, 202). Lesions, ulcers,

and blisters, for example, have been recorded as symptoms (203).

Rash formation has also been reported from children recovering

from SARS-CoV-2 infection. This could be mainly attributed to

interactions between the SARS-CoV-2 spike protein and the basal

epidermal cell ACE2 receptor (204, 205).

Angelica dahurica is a medicinal food that may be useful in the

treatment of integumentary disorders. Angelica dahurica has long

been used in TCM formulas to treat skin-related complications, and

recent studies have shown that polysaccharides from Angelica
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1234307
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Ng et al. 10.3389/fimmu.2023.1234307
dahurica have potent antioxidant effects as seen by their ability to

inhibit lipid peroxidation, chelate Fe2+, and scavenge free radicals,

which could be useful in managing inflammatory skin disorders

such as rashes and lesions (83). Furthermore, Amygdalin, a major

bioactive component of the herb Armeniaca vulgaris, was found to

regulate the production of local pro-inflammatory cytokines

primarily via the p38 MAPK/NF-kB signaling pathway, making it

a good candidate to manage inflammatory skin diseases (85).

Prunus mume combined with probiotics was also demonstrated

to dramatically limit the formation of skin lesions while decreasing

the peripheral eosinophil ratio and serum IgE concentrations (140).

Another key treatment goal is to inhibit the interactions

between the SARS-CoV-2 spike protein and ACE2 receptors.

According to a recent in silico study, the bioactive component

Luteolin in Portulaca oleracea has a strong antiviral potential

because it binds effectively to TMPRSS2, which, together with

ACE2, is responsible for SARS-CoV-2 cell infection (138).
5 Insights and advances in medicinal
food development

5.1 Technological advancements

The field of food science has expanded rapidly in recent years.

One cause for this expansion might be the growing popularity of

functional foods among health-conscious customers (206). As a

result, a wide range of innovative food processing technologies have

been explored and developed to alter or replace existing food

processing procedures in order to provide higher-quality, more

consumer-preferred foods (207). Some novel technologies include

thermal technologies such as radio frequency heating, ohmic

heating and microwave heating; and non-thermal technologies

such as high pressure processing, ultrasound processing and cold

pressure treatment (208).

The development of MFH medicinal foods typically involves the

following steps (14). Firstly, raw herbs or medicinal plants are first

identified through ancient texts and/or clinical prescriptions. Next,
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functional factor and pharmacological bioactivities. Subsequently,

these functional factors will undergo biological and chemical

optimization processes to produce new medicinal food products. In

some instances, the active compound can then be extracted, and

optimized to produce drugs. An example will be the development of

artemisinin as an anti-malarial drug from the Chinese medicinal plant

Artemisia annua (209). In addition, the development of new and

improved research techniques could be tapped on to optimize steps in

the MFH development process. The first area of optimization would

be the process of screening the literature for MFH materials. Text

mining techniques such as information extraction, summarization,

classification, clustering, and information visualization might be useful

in successfully finding possible MFH materials (210). The activity

screening procedure is the second area for improvement. In this

regard, researchers might employ techniques such as cell culture,

dialysis, ultrafiltration, chromatographic procedures, and target

molecule immobilization to find active chemicals utilizing biological

targets (211). Processing to boost yield would be the final area of

optimization. In this regard, researchers should try to find the best

conditions needed before utilizing improved drying processes to

achieve maximal recovery of target bioactive chemicals for

manufacture (212). A schematic diagram depicting the steps

involved in MFH development, and potential areas of technological

optimization is shown in Figure 4 below.

Therefore, capitalizing on innovations in the food sector is

critical for the future development of medical foods. Using new and

enhanced technology to its maximum potential will allow for the

optimization of the stages involved in the research and development

of MFH medicinal foods. With enhanced processing technologies,

this also creates opportunities to venture into larger-scale

commercial manufacturing.
5.2 Development of new medicinal foods

The recent years have seen the development of several new

medicinal food products (213). For instance, Cordyceps sinensis, an
FIGURE 4

MFH development and potential areas of technological advancement.
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endoparasitic fungus, has gained favor as a tonic food due to claims

of anti-cancer and anti-aging qualities (214). Ganoderma lucidum,

more commonly known as “Lingzhi”, is another renowned herb

that has been used for the prevention and treatment of bronchitis,

allergies, hepatitis, immunological diseases, and cancer (215).

Medicinal foods have also been derived from animals in our

environment. For example, sea cucumber, a common TCM

component, includes a high concentration of triterpene

glycosides, which have antifungal, antiviral, and hemolytic

properties (216). Therefore, the usage of TCM medicinal foods is

growing more common, and the variety of medicinal foods for

consumption is expanding as well.

According to previous studies, our environment contains over

3600 edible insect species and up to 300,000 different types of wild

plants, the majority of which are edible (217). Only a handful of them,

however, have been processed into other food items. Similarly, there

are around 2000 different varieties of edible fungus in nature, but only

40 to 50 of them have been produced on a large scale artificially (14,

218). Hence, new edible elements with therapeutic characteristics are

certain to be discovered, which may also be used in large-scale

manufacture of medical food items. To broaden the scope of

medicinal food manufacturing, research might focus on the

discovery and screening of potential MFH materials.
6 Conclusions

Even though COVID-19 is no longer a public health emergency,

people are still reporting post-COVID problems. There is a

progressive shift from COVID disorders to post-COVID

disorders, and there is a growing need to find safe and effective

therapeutic approaches to address the negative consequences of

post-COVID disorders. TCM is a valuable source of therapy

options. There are certain plants designated as MFH among the

herbs in the TCM pharmacopoeia. These plants are more

commonly known as medicinal foods, and they can be ingested as

a medication or as a food item. Due to their flexibility and safety in

use, they are a suitable therapy option to explore in the long-term

management of post-COVID disorders.

Because post-COVID disorders tend to remain longer and may

develop to chronic conditions, MFH medicinal foods are a valuable

resource in therapy, especially for chronic diseases that need a

longer duration of medication use. Among the identified post-

COVID problems, they mostly impact the cardiovascular,

pulmonary, gastrointestinal, neurological, nephrological,

reproductive, and integumentary systems of the body. One

important aspect of therapy is reducing inflammation, and some

TCM medicinal herbs have been demonstrated to have anti-

inflammatory characteristics, making them ideal for treatment. As

an MFH medical food, it is also safe to consume and may be

included into one’s everyday diet for long-term usage.

With a greater emphasis on food science research, this might

also benefit the large-scale development of MFH. The development

of new techniques and technologies has accelerated in recent years,
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this trend as well. Data science and related in silico approaches have

also been enhanced and may be used to accelerate the discovery of

potential MFH materials. Optimization might also be done on

processes such as literature screening, activity screening, and

processing to increase product yield.

For this study, we have chosen to focus on TCM medicinal

herbs from the list of MFH items were reviewed. A total of 34

possible MFH herbs have been identified for the management of

different post-COVID disorders based on the body systems affected.

Other complementary and alternative medicine, such as Ayurvedic

medicine, may give other types of MFH in the treatment of post-

COVID problems in addition to TCM. Therefore, future research

could focus on discovering other therapeutic plants utilized in

complementary and alternative medicine.

In closing, our present review discussed the usage of TCM

medicinal foods and their mechanisms of action in the management

of post-COVID disorders and its complications. As the post-

COVID situation is relatively new, future research could focus on

elucidating the mechanisms of action of MFH medicinal foods in

the treatment of post-COVID disorders, to translate positive

findings from in vitro and in vivo models to human models.

Furthermore, even though this present review focuses on the

management of post-COVID disorders, the principles and

potential herbs discussed here might be extended to the

management of other respiratory problems with comparable

pathogenic factors. Collectively, we hope that further research will

pave the way for the large-scale creation of medical foods made

from MFH materials for the benefit of society’s health.
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Cardiovascular protective effect of black pepper (Piper nigrum L.) and its major
bioactive constituent piperine. Trends Food Sci Technol (2021) 117:34–45. doi: 10.1016/
j.tifs.2020.11.024

131. Damanhouri ZA, Ahmad A. A review on therapeutic potential of Piper nigrum
L. Medicinal Aromatic Plants (2014) 3(3):161.

132. Biswas K, Islam A, Sharmin T, Biswas PK. In-vitro cholinesterase inhibitory
activity of dry fruit extract of Phyllanthus emblica relevant to the treatment of
Alzheimer’s disease. J Phytopharmacol (2015) 4:5–8. doi: 10.31254/phyto.2015.4102

133. Mirunalini S, Krishnaveni M. Therapeutic potential of Phyllanthus emblica
(amla): the ayurvedic wonder. J Basic Clin Physiol Pharmacol (2010) 21(1):93–105.
doi: 10.1515/JBCPP.2010.21.1.93

134. Khan I, Huang G, Li X, Leong W, Xia W, Hsiao WLW. Mushroom
polysaccharides from Ganoderma lucidum and Poria cocos reveal prebiotic
functions. J Funct Foods (2018) 41:191–201. doi: 10.1016/j.jff.2017.12.046

135. Sun Y. Biological activities and potential health benefits of polysaccharides
from Poria cocos and their derivatives. Int J Biol Macromol (2014) 68:131–4.
doi: 10.1016/j.ijbiomac.2014.04.010

136. He B, Dai L, Jin L, Liu Y, Li X, Luo M, et al. Bioactive components,
pharmacological effects, and drug development of traditional herbal medicine Rubus
chingii Hu (Fu-Pen-Zi). Front Nutr (2023) 9:1052504. doi: 10.3389/fnut.2022.1052504

137. Wang T, Huang J, Wu D, Li Q, Liu X, Chen H, et al. Effect of Wuziyanzong Pill
on sperm quality and calcium ion content in oligoasthenospermia rats. J Traditional
Chin Med (2012) 32(4):631–5. doi: 10.1016/S0254-6272(13)60083-7
frontiersin.org

https://doi.org/10.1155/2020/2803478
https://doi.org/10.1155/2020/2803478
https://doi.org/10.5897/AJB12.034
https://doi.org/10.1080/10942912.2012.709210
https://doi.org/10.1016/j.biopha.2021.112240
https://doi.org/10.1016/j.biopha.2021.112240
https://doi.org/10.1016/j.jep.2023.116199
https://doi.org/10.1016/j.jep.2023.116199
https://doi.org/10.1016/j.jep.2013.03.010
https://doi.org/10.1021/acs.jafc.3c00285
https://doi.org/10.1080/10408391003699550
https://doi.org/10.1080/10408391003699550
https://doi.org/10.22437/ifstj.v3i1.10191
https://doi.org/10.4103/1673-5374.177735
https://doi.org/10.4103/1673-5374.177735
https://doi.org/10.1016/j.sajb.2021.09.007
https://doi.org/10.4236/fns.2013.49126
https://doi.org/10.1016/j.jff.2022.104988
https://doi.org/10.4172/2167-1206.1000133
https://doi.org/10.1080/10408398.2023.2176817
https://doi.org/10.1080/10408398.2023.2176817
https://doi.org/10.1155/2F2015/2F379268
https://doi.org/10.1016/j.foodchem.2021.131335
https://doi.org/10.1016/j.jnutbio.2020.108416
https://doi.org/10.14336/2FAD.2018.0112
https://doi.org/10.1016/j.jep.2022.114984
https://doi.org/10.1016/j.jep.2022.115872
https://doi.org/10.1016/j.jep.2022.115872
https://doi.org/10.3390/molecules24132436
https://doi.org/10.3390/molecules24132436
https://doi.org/10.1155/2023/5606021
https://doi.org/10.3390/plants10122600
https://doi.org/10.1016/j.fbio.2022.101977
https://doi.org/10.3389/fphar.2021.714694
https://doi.org/10.3389/fphar.2021.714694
https://doi.org/10.3390/molecules26040903
https://doi.org/10.1055/s-0030-1249776
https://doi.org/10.1016/j.bjp.2014.07.016
https://doi.org/10.1016/j.bjp.2014.07.016
https://doi.org/10.9734/bpi/nvbs/v2/4128F
https://doi.org/10.1021/acs.jafc.3c00584
https://doi.org/10.3390/molecules25173773
https://doi.org/10.3390/molecules25173773
https://doi.org/10.1002/ptr.1936
https://doi.org/10.1002/ptr.1936
https://doi.org/10.22038/2FIJBMS.2022.60954.13494
https://doi.org/10.22038/2FIJBMS.2022.60954.13494
https://doi.org/10.1111/j.1753-4887.2009.00248.x
https://doi.org/10.1016/j.rechem.2021.100199
https://doi.org/10.1016/j.jep.2019.112255
https://doi.org/10.1016/j.tifs.2020.11.024
https://doi.org/10.1016/j.tifs.2020.11.024
https://doi.org/10.31254/phyto.2015.4102
https://doi.org/10.1515/JBCPP.2010.21.1.93
https://doi.org/10.1016/j.jff.2017.12.046
https://doi.org/10.1016/j.ijbiomac.2014.04.010
https://doi.org/10.3389/fnut.2022.1052504
https://doi.org/10.1016/S0254-6272(13)60083-7
https://doi.org/10.3389/fimmu.2023.1234307
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Ng et al. 10.3389/fimmu.2023.1234307
138. Aini NS, Kharisma VD, Widyananda MH, Ali Murtadlo AA, Probojati RT,
Rahma Turista DD, et al. Bioactive Compounds from Purslane (Portulaca oleracea L.)
and Star Anise (Illicium verum Hook) as SARS-CoV-2 Antiviral Agent via Dual
Inhibitor Mechanism: In Silico Approach. Pharmacognosy J (2022) 14(4). doi: 10.5530/
pj.2022.14.106

139. Zhou Y-X, Xin H-L, Rahman K, Wang S-J, Peng C, Zhang H. Portulaca
oleracea L.: A review of phytochemistry and pharmacological effects. BioMed Res Int
(2015) 2015:925631. doi: 10.1155/2015/925631

140. Gong X-P, Tang Y, Song Y-Y, Du G, Li J. Comprehensive review of
phytochemical constituents, pharmacological properties, and clinical applications of
prunus mume. Front Pharmacol (2021) 12:679378. doi: 10.3389/fphar.2021.679378

141. Qiao Y, Xu L, Tao X, Yin L, Qi Y, Xu Y, et al. Protective effects of dioscin against
fructose-induced renal damage via adjusting Sirt3-mediated oxidative stress, fibrosis,
lipid metabolism and inflammation. Toxicol Lett (2018) 284:37–45. doi: 10.1016/
j.toxlet.2017.11.031

142. Li Y, Ji S, Xu T, Zhong Y, Xu M, Liu Y, et al. Chinese yam (Dioscorea):
Nutritional value, beneficial effects, and food and pharmaceutical applications. Trends
Food Sci Technol (2023) 134:29–40. doi: 10.1016/j.tifs.2023.01.021

143. Tao L, Yang J, Cao F, Xie H, Zhang M, Gong Y, et al. a novel anti-fibrotic
compound, reduces pulmonary fibrosis through toll-like receptor 4 pathways. J
Pharmacol Exp Ther (2017) 361(2):268–79. doi: 10.1124/jpet.116.239137

144. Jin J-S, Lee J-H. Phytochemical and pharmacological aspects of Siraitia
grosvenorii, luo han kuo. Oriental Pharm Exp Med (2012) 12:233–9. doi: 10.1007/
2Fs13596-012-0079-x

145. Wu J, Jian Y, Wang H, Huang H, Gong L, Liu G, et al. A review of the
phytochemistry and pharmacology of the fruit of siraitia grosvenorii (Swingle): A
traditional chinese medicinal food. Molecules (2022) 27(19):6618. doi: 10.3390/
molecules27196618

146. Oppong MB, Li Y, Banahene PO, Fang S-M, Qiu F. Ethnopharmacology,
phytochemistry, and pharmacology of Sterculia lychnophora Hance (Pangdahai). Chin
J Natural Med (2018) 16(10):721–31. doi: 10.1016/S1875-5364(18)30112-2

147. Ai L, Wu J, Che N, Wu Y, Cui SW. Extraction, partial characterization and
bioactivity of polysaccharides from boat-fruited sterculia seeds. Int J Biol Macromol
(2012) 51(5):815–8. doi: 10.1016/j.ijbiomac.2012.08.006

148. Li Y, Liu Z, ZengM, El Kadiri A, Huang J, Kim A, et al. Chemical compositions of
clove (Syzygium aromaticum (L.) merr. & L.) extracts and their potentials in suppressing
SARS-coV-2 spike protein–ACE2 binding, inhibiting ACE2, and scavenging free radicals.
J Agric Food Chem (2022) 70(45):14403–13. doi: 10.1021/acs.jafc.2c06300

149. Dey BK, Mukherjee SS. Potential of clove and its nutritional benefits in
physiological perspective: A review. Int J Physiol Nutr Phys Educ (2021) 6(1):103–6.

150. Singletary K. Clove: overview of potential health benefits. Nutr Today (2014) 49
(4):207–24. doi: 10.1097/nt.0000000000000036

151. Wang H, Li Y, Wang R, Ji H, Lu C, Su X. Chinese Torreya grandis cv. Merrillii
seed oil affects obesity through accumulation of sciadonic acid and altering the
composition of gut microbiota. Food Sci Hum Wellness (2022) 11(1):58–67.
doi: 10.1016/j.fshw.2021.07.007

152. Cui H-X, Duan F-F, Jia S-S, Cheng F-R, Yuan K. Antioxidant and Tyrosinase
Inhibitory Activities of Seed Oils from Torreya grandis Fort. ex Lindl. BioMed Res Int
(2018) 2018. doi: 10.1155/2F2018/2F5314320

153. Chen X, Jin H. Review of cultivation and development of Chinese torreya in China.
Forests Trees Livelihoods (2019) 28(1):68–78. doi: 10.1080/14728028.2018.1553690

154. Srinivasan K. Ginger rhizomes (Zingiber officinale): A spice with multiple
health beneficial potentials. PharmaNutrition (2017) 5(1):18–28. doi: 10.1016/
j.phanu.2017.01.001

155. Ahmed K, Shaheen G, Asif H. Zingiber officinale Roscoe (pharmacological
activity). J Med Plants Res (2011) 2023:344–8.

156. Puntmann VO, Carerj ML, Wieters I, Fahim M, Arendt C, Hoffmann J, et al.
Outcomes of cardiovascular magnetic resonance imaging in patients recently recovered
from coronavirus disease 2019 (COVID-19). JAMA Cardiol (2020) 5(11):1265–73.
doi: 10.1001/jamacardio.2020.3557

157. Yu CM, Wong RS, Wu EB, Kong SL, Wong J, Yip GW, et al. Cardiovascular
complications of severe acute respiratory syndrome. Postgrad Med J (2006) 82
(964):140–4. doi: 10.1136/pgmj.2005.037515

158. Akhmerov A, Marbán E. COVID-19 and the heart. Circ Res (2020) 126
(10):1443–55. doi: 10.1161/CIRCRESAHA.120.317055

159. Carvalho-Schneider C, Laurent E, Lemaignen A, Beaufils E, Bourbao-Tournois
C, Laribi S, et al. Follow-up of adults with noncritical COVID-19 two months after
symptom onset. Clin Microbiol Infection (2021) 27(2):258–63. doi: 10.1016/
j.cmi.2020.09.052

160. Khanna K, Kohli SK, Kaur R, Bhardwaj A, Bhardwaj V, Ohri P, et al. Herbal
immune-boosters: Substantial warriors of pandemic Covid-19 battle. Phytomedicine
(2021) 85:153361. doi: 10.1016/j.phymed.2020.153361

161. Zipeto D, Palmeira J, Arganaraz GA, Arganaraz ER. ACE2/ADAM17/
TMPRSS2 interplay may be the main risk factor for COVID-19. Front Immunol
(2020) 11:576745. doi: 10.3389/fimmu.2020.576745

162. Dhont S, Derom E, Van Braeckel E, Depuydt P, Lambrecht BN. The
pathophysiology of ‘happy’hypoxemia in COVID-19. Respir Res (2020) 21(1):1–9.
doi: 10.1186/s12931-020-01462-5
Frontiers in Immunology 19
163. Biswas S, Thakur V, Kaur P, Khan A, Kulshrestha S, Kumar P. Blood clots in
COVID-19 patients: Simplifying the curious mystery. Med Hypotheses (2021)
146:110371. doi: 10.1016/j.mehy.2020.110371

164. Menter T, Haslbauer JD, Nienhold R, Savic S, Hopfer H, Deigendesch N, et al.
Postmortem examination of COVID-19 patients reveals diffuse alveolar damage with
severe capillary congestion and variegated findings in lungs and other organs
suggesting vascular dysfunction. Histopathology (2020) 77(2):198–209. doi: 10.1111/
his.14134

165. Chopra V, Flanders SA, O’Malley M, Malani AN, Prescott HC. Sixty-day
outcomes among patients hospitalized with COVID-19. Ann Internal Med (2021) 174
(4):576–8. doi: 10.7326/M20-5661

166. Kanne JP, Little BP, Chung JH, Elicker BM, Ketai LH. Essentials for radiologists
on COVID-19: an update—radiology scientific expert panel. Radiology (2020) 296(2):
E113–E4. doi: 10.1148/radiol.2020200527

167. Bilinska K, Butowt R. Anosmia in COVID-19: a bumpy road to establishing a
cellular mechanism. ACS Chem Neurosci (2020) 11(15):2152–5. doi: 10.1021/
acschemneuro.0c00406

168. Xu H, Zhong L, Deng J, Peng J, Dan H, Zeng X, et al. High expression of ACE2
receptor of 2019-nCoV on the epithelial cells of oral mucosa. Int J Oral Sci (2020) 12
(1):1–5. doi: 10.1038/s41368-020-0074-x

169. Klopfenstein T, Kadiane-Oussou N, Toko L, Royer P-Y, Lepiller Q, Gendrin V,
et al. Features of anosmia in COVID-19.Med Maladies Infectieuses (2020) 50(5):436–9.
doi: 10.1016/j.medmal.2020.04.006

170. Mendelson M, Nel J, Blumberg L, Madhi S, Dryden M, Stevens W, et al. Long-
COVID: An evolving problem with an extensive impact. SAMJ: South Afr Med J (2021)
111(1):10–2. doi: 10.7196/samj.2020.v111i11.15433

171. Yarijani ZM, NajafiH. Kidney injury in COVID-19 patients, drug development
and their renal complications: Review study. Biomed Pharmacother (2021) 142:111966.
doi: 10.1016/j.biopha.2021.111966

172. Kunutsor SK, Laukkanen JA. Renal complications in COVID-19: a systematic
review and meta-analysis. Ann Med (2020) 52(7):345–53. doi: 10.1080/
07853890.2020.1790643

173. Hirsch JS, Ng JH, Ross DW, Sharma P, Shah HH, Barnett RL, et al. Acute
kidney injury in patients hospitalized with COVID-19. Kidney Int (2020) 98(1):209–18.
doi: 10.1016/j.kint.2020.05.006

174. Ronco C, Reis T, Husain-Syed F. Management of acute kidney injury in patients
with COVID-19. Lancet Respir Med (2020) 8(7):738–42. doi: 10.1016/S2213-2600(20)
30229-0

175. Alenina N, Bader M. ACE2 in brain physiology and pathophysiology: evidence
from transgenic animal models. Neurochem Res (2019) 44(6):1323–9. doi: 10.1007/
s11064-018-2679-4

176. Arca KN, Starling AJ. Treatment-refractory headache in the setting of COVID-
19 pneumonia: migraine or meningoencephalitis? Case report. SN Compr Clin Med
(2020) 2(8):1200–3. doi: 10.1007/s42399-020-00369-y
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215. Bulam S, Üstün NŞ, Peks ̧en A. Health benefits of Ganoderma lucidum as a
medicinal mushroom. Turkish J Agriculture-Food Sci Technol (2019) 7(sp1):84–93.
doi: 10.24925/turjaf.v7isp1.84-93.2728

216. Mondol MAM, Shin HJ, Rahman MA, Islam MT. Sea cucumber glycosides:
chemical structures, producing species and important biological properties.Mar Drugs
(2017) 15(10):317. doi: 10.3390/md15100317

217. Ruddle K. The human use of insects: examples from the Yukpa. Biotropica
(1973) 5, 94–101. doi: 10.2307/2989658

218. Hua R, Chen Z, Fu W. An overview of wild edible fungi resource conservation
and its utilization in Yunnan. J Agric Sci (2017) 9:158–69. doi: 10.5539/jas.v9n5p158
frontiersin.org

https://doi.org/10.1186/s13020-021-00561-9
https://doi.org/10.3389/fphar.2022.963327
https://doi.org/10.3389/fphar.2022.963327
https://doi.org/10.4103/2Fsjg.SJG_147_20
https://doi.org/10.1053/j.gastro.2020.05.048
https://doi.org/10.1016/S2468-1253(20)30126-6
https://doi.org/10.14218/2FJCTH.2020.00018
https://doi.org/10.1053/j.gastro.2018.07.011
https://doi.org/10.1002/mrd.23263
https://doi.org/10.1530/rep-19-0274
https://doi.org/10.1093/biolre/ioac187
https://doi.org/10.1016/j.rbmo.2020.09.020
https://doi.org/10.1503/2Fcmaj.202604
https://doi.org/10.1016/j.jri.2021.103382
https://doi.org/10.3389/fendo.2023.1077315
https://doi.org/10.3389/fendo.2023.1077315
https://doi.org/10.1111/2Fijd.15313
https://doi.org/10.1038/s41432-020-0100-z
https://doi.org/10.1111/all.14498
https://doi.org/10.1111/dth.15758
https://doi.org/10.1007/2Fs13197-014-1293-y
https://doi.org/10.1080/10408398.2018.1483890
https://doi.org/10.1038/nm.2471
https://doi.org/10.5120/14937-3507
https://doi.org/10.1016/j.jpba.2019.02.027
https://doi.org/10.1007/s11947-018-2227-x
https://doi.org/10.1046/j.1365-2621.2001.t01-1-00461.x
https://doi.org/10.1016/j.jff.2013.01.034
https://doi.org/10.24925/turjaf.v7isp1.84-93.2728
https://doi.org/10.3390/md15100317
https://doi.org/10.2307/2989658
https://doi.org/10.5539/jas.v9n5p158
https://doi.org/10.3389/fimmu.2023.1234307
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	TCM “medicine and food homology” in the management of post-COVID disorders
	1 Introduction
	2 “Medicine and food homology”
	2.1 Concept
	2.2 Relationship between TCM and food

	3 Pathophysiology of post-COVID disorders
	3.1 Direct cytotoxic effects
	3.1.1 Cytotoxicity in cardiovascular cells
	3.1.2 Cytotoxicity in pulmonary cells
	3.1.3 Cytotoxicity in hepatocellular cells
	3.1.4 Cytotoxicity in renal cells

	3.2 Immunological dysregulation
	3.3 Apoptosis and injury to tissue and organs
	3.3.1 Injury to cardiovascular system
	3.3.2 Injury to respiratory system
	3.3.3 Injury to digestive system
	3.3.4 Injury to urinary system


	4 Role of medicinal foods in managing post-COVID complications
	4.1 Cardiovascular system
	4.2 Respiratory system
	4.3 Urinary system
	4.4 Nervous system
	4.5 Digestive system
	4.6 Genital system
	4.7 Integumentary system

	5 Insights and advances in medicinal food development
	5.1 Technological advancements
	5.2 Development of new medicinal foods

	6 Conclusions
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


