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Abstract

Paraquat is an extremely corrosive and lethal herbicide. After intentional or unintentional ingestion, paraquat causes extensive
mucosal damages extending through the upper gastrointestinal tract which are characterized by pain, inflammation, ulceration,
bleeding, and sloughing of the associated mucosa. The aim of this systematic review is to compile and evaluate evidence based
studies in relation to the effectiveness of different methods of management of oral mucositis induced by paraquat in terms of
reduction of associated pain and duration of symptoms.We undertook computerized electronic searches through both English
and Chinese databases so as to identify all published articles in the subject. We also searched reference lists from relevant
articles for any related articles. This review is not registered.A total of 10 relevant randomized controlled trials (RCTS) were
selected after the electronic searches after satisfying our inclusion criteria. They were published between the 2000s and 2020.
The primary outcome measurement assessed an improvement in the healing time/recovery time or adequate pain management.
Interventions from all the studies highlighted the use of multi-agent management that included either oral care by the use of
bland and multi-agent mouth rinses, corticosteroids, Chinese herbal remedies, growth factors, smectites or anti-oxidant therapy.
The main findings were that the main method of management was the implementation of a multi-drug regimen, through the
use of compounded preparations or a polydrug system. In addition, herbal and natural remedies, if used appropriately, can
play a beneficial role in the management of paraquat induced oral mucositis.
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What is already known

Paraquat causes extensive mucosal damages by pain, inflammation, ulceration, bleeding, and sloughing of
the associated mucosa.

There are fabulous ways of oral care, however, a use of compounded preparations or a polydrug system has
not been reviewed yet.

What this paper adds

This review found that the main method of management was the implementation of a multi-drug regimen,
through the use of compounded preparations or a polydrug system.

Herbal and natural remedies may play a beneficial role in the management of paraquat induced oral mucositis.

Abstract

Paraquat is an extremely corrosive and lethal herbicide. After intentional or unintentional ingestion, paraquat
causes extensive mucosal damages extending through the upper gastrointestinal tract which are character-
ized by pain, inflammation, ulceration, bleeding, and sloughing of the associated mucosa. The aim of this
systematic review is to compile and evaluate evidence based studies in relation to the effectiveness of different
methods of management of oral mucositis induced by paraquat in terms of reduction of associated pain and
duration of symptoms.We undertook computerized electronic searches through both English and Chinese
databases so as to identify all published articles in the subject. We also searched reference lists from relevant
articles for any related articles. This review is not registered.A total of 10 relevant randomized controlled
trials (RCTS) were selected after the electronic searches after satisfying our inclusion criteria. They were
published between the 2000s and 2020. The primary outcome measurement assessed an improvement in the
healing time/recovery time or adequate pain management. Interventions from all the studies highlighted the
use of multi-agent management that included either oral care by the use of bland and multi-agent mouth
rinses, corticosteroids, Chinese herbal remedies, growth factors, smectites or anti-oxidant therapy. The main
findings were that the main method of management was the implementation of a multi-drug regimen, through
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the use of compounded preparations or a polydrug system. In addition, herbal and natural remedies, if used
appropriately, can play a beneficial role in the management of paraquat induced oral mucositis.

Background

Paraquat, which also has the chemical name 1,10 -dimethyl-4,40 –bipyridinium dichloride, is an organic
heterocyclic contact herbicide that is widely used in agriculture for weed and grass control throughout the
world and especially in China. The main toxokinetic mechanism of paraquat toxicity involve the formation
of superoxide anions during the ’redox cycling process’ which then leads to the formation of toxic reactive
oxygen species such as hydrogen peroxide and hydroxyl radical in the presence of NADPH and cytochrome
P450 reductase.1 2 3 The accumulation of reactive oxygen species leads to cell death in different organs. The
clinical complications that arise from paraquat poisoning are; acute renal failure, liver toxicity, respiratory
failure, and mucosal injury. 4 5 Early mortality can occur within 1–4 days due to multiple organ failure,
while delayed mortality can occur after as long as 3 weeks as a result of respiratory failure secondary to
pulmonary fibrosis. The prognosis of paraquat poisoning is poor, and this is elicited by its high mortality
rate of 36-90%. 6 7

Oral ingestion of paraquat is accompanied by severe oral mucosal injuries (ulcerations of the oral mucosa and
the tongue) and corrosive esophageal injuries. Paraquat exposure leads to the over accumulation of reactive
oxygen species and oxidative stress exerted to the mucosa.8 9 The body produces a strong emergency response
by the production pro-inflammatory cytokines and stress responders. This amplified response causes a cycle
of constant production of cytokines that result in further damage and ulceration of the mucosa. 10 The early
manifestations of mucosal injury are erythema, congestion and edema of the mucosa, which then progresses
to erosion, inflammation, ulceration, coating, bleeding, and sloughing of the oropharyngeal mucosa. These
changes are observable within hours to several days after the ingestion of paraquat.11 12

Patients with oral mucosal injury experience unbearable pain that most describe as a severe burning sen-
sation. The pain associated with paraquat induced mucosal injury significantly compromises nutritional
intake, mouth care, and quality of life. The severity of mucosal injury can also be exacerbated by local
factors, such as trauma from overzealous oral hygiene, improper nutrition or microbial colonization leading
to infections. Infections associated with mucosal injury not only increases the intensity of pain experienced
by the patients but may also end up causing life threatening systemic sepsis.13 Decreased nutritional intake
also lead caloric deficits that compromise the patients nutritional status, reduce treatment response, increase
treatment complications, and further elongate hospital stays.

Literature concerning paraquat induced mucosal injury is sparse and not detailed. Through this systematic
review, we hope to evaluate and highlight the correct techniques to achieve proper oral care, nutritional
support and possible clinical-therapeutic interventions that have proven to be effective in managing paraquat
mucosal injuries, with the aim of reducing patient discomfort and overall improving the patients’ quality of
life.

Description of pathogenesis of paraquat induced mucosal injury

Paraquat, as all bipyridyl salts, is caustic in nature. After ingestion, the local corrosive effects of paraquat
cause erythema, irritation to the oral and gastrointestinal mucosa; this further worsens to ulceration and
sloughing of the mucosa. The cellular effects of paraquat are exerted due to redox cycling leading to the
formation of reactive oxygen species, whose concentration increases significantly in time, which can lead to a
situation described as oxidative stress. This phenomenon occurs when there is an overproduction of reactive
oxygen species, the high overwhelm the natural radical blocking or scavenging mechanisms of the existing
antioxidant defense systems. This intracellular oxidative stress is generated by accumulation of superoxide
anion, hydrogen peroxide, and hydroxyl radicals within the cells. Destructive actions of reactive oxygen
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species on the cells include: free radical-mediated lipid oxidation leading to production of phospholipid per-
oxides, oxidative damage of proteins, carbohydrates and nucleic acids.8 9. The effects eventually lead to the
subsequent disruption of cellular metabolism, apoptosis and finally programmed cell death. These effects
eventually cause epithelial thinning and mucosal damage. Therefore, this oxidative stress process also plays
a key role in the associated subsequent mucosal (oral and gastrointestinal) damage caused by paraquat. An-
other complication that arises from the over accumulation of reactive oxygen species is inflammation. This
activate transcription factors which results in upregulation of pro-inflammatory cytokines, cytokines modu-
lators, adhesion molecules, and stress responders. This amplification causes a cycle of constant production
of cytokines that result in further damage and ulceration of the mucosa and increases pain and discomfort.10
14

Another precipitating factor in the extent and severity of oral mucosal injury is microbial colonization
of the ulcers and the damaged mucosa. The oral cavity is coated by a plethora of bacteria, and some
of these bacteria are harmful and are implicated in oral diseases (caries and periodontitis) and several
systemic diseases.13 Most ulcers are covered by a whitish pseudomembrane composed of dead cells and
fibrin. The pseudomembrane creates a favorable environment for bacterial colonization by both Gram-
positive and Gram-negative organisms. Secondary infections caused by the bacteria and by-products of
bacterial metabolism further intensifies mucosal inflammation, leading to further damage.15 Figure 1

Methods

Literature search

We performed a detailed systematic search through both medical and nursing databases (PUBMED (MED-
LINE), SCOPUS, SCIENCE DIRECT, EBSCO, CNKI, XUESHU and COCHRANE DATABASE) to iden-
tify related clinical trials in relation to mucosal damaged induced by paraquat between 2000 to December
2020. Our searches explored the keywords (paraquat, paraquat induced oral mucositis, paraquat tongue,
oral care, mucosal injury). The population, intervention, comparison, outcome (PICO) model was used to
develop inclusion criteria and search terms per intervention. Population focused on patients who presented
with symptoms of oral mucositis after paraquat ingestion. Intervention highlighted the different agents and
modes of intervention that were applied in the different trials and a comparison of the management received
by the control group and a lack thereof. Outcome was based on improved healing/recovery time.

Eligibility criteria

Inclusion criteria

1. Clinical trials
2. English articles or articles with English abstracts
3. Studies from the beginning of the year 2000 to the end of 2020.

Exclusion criteria

1. Case reports
2. Review of literatures
3. Clinical trials published entirely in other languages
4. Animal studies
5. In-vitro studies

Both two authors searched for articles that met selection criteria. The articles that did not meet the selection
criteria and duplicate articles were removed from the study. Both two authors then screened the remaining
papers individually to confirm their eligibility.

Data collection

4
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Two author’s independently extracted data using the standard data extraction form that highlighted; The au-
thor’s information, year of study, study design, treatment modality used in paraquat induced oral mucositis,
route of administration of agent , interventions and outcomes.

Risk of bias assessment across individual studies

Each study was assessed for risk of bias by two review authors independently. The Cochrane Collaboration’s
tool for assessing risk of bias comprises a description and a judgment for the following criteria: random
sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting and other sources of bias. Each criterion was
judged ’low risk of bias’, ’high risk of bias’, or ’unclear risk of bias. This review is not registered.

Ethics approval and consent to participate

Not applicable.

Results

According to the search strategy a total of 116 studies were recognized. According to the inclusion and
exclusion criteria, ten articles were finally included after manual screening and evaluation. All the included
studies were randomized controlled trials. Figure 2 shows that the initial computerized search strategy that
yielded the 10 included studies. Table 1 presents a brief description of the 10 articles analyzed in terms
of treatment population, intervention applied and comparison and the overall outcome. All the 10 studies
showed significant result in terms of improvement on the healing time/recovery time and pain reduction.
Results for each intervention are discussed briefly below and should be read in concert with the details
shown inTable 2 . In general, although all of the included studies mentioned the randomized allocation of
participants, none of the trials described the methods of sequence generation, allocation concealment, and
blinding. As previously mentioned, the risk of bias of individual studies was independently assessed by both
two authors using the Cochrane Risk of Bias assessment tool. The findings were shown on

Figure 3.

Highlights on the reviewed interventions

Oral care

Maintenance of oral hygiene and proper oral decontamination play a major role in the management of
patients who present with mucosal injuries. Microbial colonization of the oral cavity exacerbates the severity
of tissue damage and increases the risk of localized and disseminated infections. Therefore decontamination
may help to reduce the probability of further complications like secondary infections that may disseminate
into systemic sepsis and also an increase in associated pain. The basic components of an oral care protocol
include assessment, patient education, tooth brushing and bland oral rinses (normal saline and sodium
bicarbonate). Oral assessment should be conducted regularly to assess function in terms of ability to feed
normally, pain, and the extent of damage to the oral mucosa. Although oral care has cannot prevent the
formation of paraquat induced oral mucositis, adherence to a regimen can reduce the duration and severity
of mucositis. Three studies have demonstrated the superiority of using proper oral care after paraquat
ingestion. 16 1718 All the three studies showed a significant decrease in the severity of symptoms and an
improvement in the recovery time.

The first study emphasized the need of early implementation of oral care in patients with history of paraquat
ingestion despite the presence or lack thereof oral mucosal lesions. 16 The treatment group received proper
oral care at presentation and the control group received oral care three days after ingestion of paraquat. The
study showed that early oral care at presentation not only reduced the severity of pain but also decreased
the severity of oral mucositis

5
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Bland oral rinses also play an important role in oral care and oral decontamination; alternatively bland
oral rinses can also be used in combination with other drugs for the preparation of compounded mouth
washes. 19 20 21 22 23Normal saline and sodium bicarbonate not only aid in the removal of paraquat residue
that may be present in the oral cavity after ingestion but also ensure the removal of of oral debris like food
particles, therefore preventing the possibility of secondary infections and therefore promoting fast wound
healing. Bland rinses also ensure that the oral cavity is adequately moisturized, therefore prevent crusting
and thus soothing gums and mouth mucosa therefore increasing patients’ comfort. 1617 18

Oral assessment also plays an important role in evaluating whether the patients can normally brush their
teeth. After assessment, brushing should be withheld in patients with extensive mucosal injury. Patients
with minimal or localized oral mucosal injury should use soft bristle brushes and ensure that they brush
their teeth gently. Tooth brushing should be encouraged 2 to 3 times a day or basically after every meal.18
24

Multi-agent or compounded preparations

Multi-agent formulations contain several ingredients (at least three ingredients). These ingredients may
include an antibiotic, a local anesthetic or topical anesthetic and a steroid to reduce inflammation. Most
formulations are used every 4-6 hours. Patients are advised to hold the formulation in the mouth for 2-5
minutes, then spit out or swallow, and to abstain from eating or drinking for 30 minutes after use. The
three studies that focused on multi-agent preparations and mouthwashes have not only demonstrated their
superiority over bland rinses to treat mucositis but also alleviate pain 2122 25

Topical anesthetics (Lidocaine)

Lidocaine is one of the commonly used topical anesthetics used in pain management in patients with oral
mucositis. Paraquat induced oral mucositis is characterized by pain. The presence of persistent pain not only
affects the patients psychologically but also decreases their incentive and the ability for oral intake. Therefore,
pain control eventually encourages oral intake, thus improving nutrition and reducing further complications.
The different formulations of lidocaine (sprays, solutions, gels and ointments) provide clinicians with options
to choose for the most effective formulation for maximal effect; Solutions are effective when anesthetics are
needed to cover a wide surface area without the risk of aspiration. Four studies showed the benefit of lidocaine
in reduction of pain and severity of oral mucositis.19 20 2124 The first two studies compared lidocaine gargle as
compared to bland rinses and symptomatic management, the incidence of oral mucositis and pain decreased
in both trials by 23.33% and 40% respectively. 19 20. The other two studies in-cooperated lidocaine as one of
the ingredients for a compounded preparation, both studies reported adequate pain management.21 24 The
main adverse effects associated with lidocaine are burning and stinging on the local site of administration, loss
of taste due to anesthetization of the taste buds, and suppression of gag-reflex if the posterior oropharyngeal
area is anesthetized26

Dexamethasone

Dexamethasone, a corticosteroid, acts by bringing about the glucocorticoid effects. Glucocorticoids have po-
tent anti-inflammatory actions, including the reduction in the number and function of various immune cells,
such as T and B lymphocytes, monocytes, neutrophils, and eosinophils, at sites of inflammation. Gluco-
corticoids decrease the production of cytokines, chemokines, and eicosanoids and enhance the production of
macrophage migration inhibitory factor.27 Due to its therapeutic anti-inflammatory properties dexametha-
sone may aid in decreasing the severity of paraquat induced oral mucositis. We identified three main studies.
The first trial evaluated the effects of early administration of dexamethasone (experimental) as compared to
delayed administration (control). It was noted that the experimental group, that received dexamethasone
mouth rinse at presentation and consecutively for three days showed a significant decrease in mucosal lesions
and therefore a reduction of associated pain. 23 The other two studies combined dexamethasone with other
ingredients in order to form a compounded preparation that substantially reduced the incidence and severity
of oral mucositis. 16 21

6
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Chinese herbal remedies

Kangfuxin

Kang fu xin is a pure Chinese herbal medicine extracted from Periplaneta Americana (the American cock-
roach) and is used in the treatment of several ulcerative conditions. The key components of Kangfuxin
are polyhydric alcohols, peptides, mucin, amino acids and other active substances. Kangfuxin improves
the gastrointestinal mucosa microcirculation, promotes the growth of granulation tissue and angiogenesis,
it accelerates shedding of necrotic tissue, therefore expediting the wound or ulcer healing process. This
accelerated wound healing process and gastro- protective properties play an important part in the treatment
of oral, gastric and duodenal ulcers.28Kangfuxin has also been noted to significantly increase the produc-
tion of superoxide dismutase which has anti-oxidant and anti-inflammatory properties. 28In addition, its
anti-inflammatory properties not only reduce associated inflammatory edema but also aid in pain reduction.
Kangfuxin solution can also be used in the formation of compounded mouth washes, this formulation aids in
the management of oral erosions and ulcers caused by paraquat ingestion. 29We recognized two clinical trials
that used Kangfuxin in the management of paraquat induced oral mucositis. Both studies used Kangfuxin
for oral care prior to the application of the other intervention. 18 28 All two trials reported positive outcomes
in terms of reduction in oral mucositis severity and improvement of healing time.

Tea oil (Camellia oil)

Tea oil also known as camellia oil or camellia seed oil is natural herbal oil extracted from Camellia oleifera
Abel. It has been used through history mainly because of its anti-inflammatory and anti-oxidant properties.
Squalene, polyphenols and flavonoids present in camellia oil have good bactericidal and anti-inflammatory
effects, these effects ward of secondary infections and also aid in the reduction of associated pain. 30 31

32The protective properties of camellia oil in relation to its antioxidant activity help neutralize the excessive
production of Reactive Oxygen Species and ulcerative destruction of the already compromised mucosa after
the ingestion of paraquat. One clinical trial was recognized. The clinical trial used tea oil as one of the
ingredients in a compounded paste preparation. 20 mls of tea oil was used in the preparation and the paste
was used 3-5 times a day. The control group only received oral care using qingkou gargle. The results of this
randomized study showed significant difference for average number of days to mucositis resolution or pain
scores. 25

MEBO (moist exposed burn ointment)

MEBO is an herbal formulation containing b-sitosterol, baicalin, and berberine as active ingredients in a
base of beeswax and sesame oil.33 MEBO not only has analgesic and antimicrobial effects but also has been
noted to promote the formation of granulation tissue and therefore shorten the healing duration of ulcers
and wounds. It increases gene expression of vascular endothelial growth factor and basic fibroblast growth
factor (bFGF), which help in the regulation of angiogenesis and tissue repair. 2834 35 It can be directly
applied on the surfaces of the oral ulcers induced by paraquat or prepared into a compounded formulation.
One clinical trial used kangfuxin and MEBO for the management of oral mucositis. The treatment group
used Kangfuxin for oral care prior to the application of MEBO that was used to adequately cover the oral
mucosa 3 times/day. The control group only used Kangfuxin for oral care. MEBO proved to be effective
alternative in the treatment of paraquat induced oral mucositis.28

Colloidal silver (yin er tong/ activated ionized silver)

Silver and is a non-antibiotic antibacterial agent that has been used through history for its antimicrobial
effects. 36Through time, its use diminished after the discovery of penicillin and other antibiotics. With
the rising cases of antibiotic resistance, the use of silver and other non-antibiotic antibacterial treatments
have been on the rise as an alternative for antimicrobial coverage.37Colloidal silver, silver nanoparticles
and ionized silver, exhibit a broad-spectrum antimicrobial capability against many micro-organisms (gram-
positive bacteria, gram-negative bacteria, fungi and rhinovirus). 38 39 The effectiveness of silver’s broad-
spectrum antimicrobial capability is attributed to ability of the silver ions in binding non-specifically to

7
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many different targets, thus affecting bacteria in many components of their metabolism and structure.94 One
clinical trial used yin er tong in conjunction with other interventions in the management of oral mucositis.
The treatment group received yin er tong, recombinant human epidermal growth factor, Kangfuxin and Vit
C, while the control group received conservative management for their symptoms. The patients were asked
to gargle with 10 mls of yin er tong for 3-5 minutes for approximately 3 times a day. The treatment group
was more effective in terms of pain reduction and severity of oral mucositis.18

Antimicrobial prophylaxis

The administration of antibiotics for prophylaxis is a common practice in the management of oral mucositis.
The premise for the use of antibiotics is mainly to mitigate or prevent infection or microbial colonization.
Microbial colonization is likely to intensify the inflammatory process as well as exacerbating and perhaps even
causing extensive ulceration to the already injured mucosa. To date, evidence is still conflicting concerning
the use of prophylactic antibiotics. Most centers still administer antibiotics to all patients who present
with mucosal injury despite the lack of evidence. 4075 We recognized two studies that used gentamicin
and metronidazole for antibiotic prophylaxis. Both treatment group in the clinical trials used gentamicin
in a compounded multi-agent mouth wash. The outcomes for the two trials reported positive results in
terms of pain management, infection control and reduced severity of oral mucositis. 16 21One clinical trial
highlighted the need for mucosal cultures for targeted antimicrobial treatment for patients who present with
oral ulcerations after paraquat ingestion.

Montmorillonite and smecta

Montmorillonite and smecta is a natural clay mineral belonging to the smectite group. Smectites are natural
clay minerals that have several clinical applications in medicine (absorbents, antacids and antidiarrheal). The
compounds are absorbents (enterosorbents), their high absorption capacity aid in the absorption of toxins
within the gastrointestinal tract. The contact effect of medical clay on the GI mucosa creates a protective
layer on the mucosa, therefore also serving a protective purpose. Due to their muco-adhesive nature, smectites
create a barrier and prevents further damage on the mucosa. Smectite compounds also have antibacterial
and antiviral properties in that they bind to the pathogens and allow enhanced elimination of the microbes
and therefore reducing the chances of possible secondary infections. Smectites have not only been found to
be useful in gastrointestinal mucosa, but compounded mouthwashes containing these compounds also play
an important protective role to the oral mucosa. 4142 The first clinical trial used montmorillonite as a base
for a compounded paste. 5 grams of montmorillonite was used in conjunction with tea oil and Vit C for
the formulation. In the treatment group the paste was used to adequately cover the oral mucosa and ulcer
surfaces three times a day for duration of five days. The paste gave a positive outcome in terms of pain
reduction and improved healing time for the patients. 25The second trial used smecta powder 2-3 times a
day to adequately cover the oral mucosa in conjunction with other interventions. The trial also had positive
results in the management of oral mucositis.

Epidermal growth factors

Epidermal growth factors play a fundamental role in wound healing through stimulating epidermal and der-
mal regeneration,which participates in dermal wound healing and dermal regeneration through stimulation,
proliferation, and migration of keratinocyte, endothelial cells, and fibroblast. 43 Several clinical trials have
shown that epidermal growth factor is an important cytoprotective factor against injuries, and contributes
to wound healing and maintenance of mucosal integrity in the oral cavity and the gastrointestinal tract.82
Topical application of epidermal growth factor on the oral mucosa in combination with other conventional
treatments may promote mucosal healing, reduce the severity of intraoral manifestations, and is therefore
an effective treatment option in paraquat induced mucositis and ulcerations. 44 We recognized two stud-
ies that used recombinant human epidermal growth factor spray in the management of paraquat induced
oral mucositis. The first study used recombinant human epidermal growth factor spray 3 times a day in
conjunction with other intervention. It was noted that the incidence of oral mucositis decreased by 12.8%.
18The second trial used recombinant human epidermal growth factor spray two times a day for patients who
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presented with no oral mucosal erosions or ulcerations and three times a day for patients who presented with
ulcerations. It was evident that recombinant human epidermal growth factor improved healing time and
therefore reduced the severity of symptoms of oral mucositis.

Topical Vitamin C

Vitamin C (ascorbic acid) is an important water soluble micronutrient that plays several roles in the human
body. It is an antioxidant and a free radical scavenger and serves as an essential cofactor for many enzymatic
reactions through iron-, copper- and 2-oxoglutarate-dependent dioxygenases. Mucosal damage after paraquat
ingestion is not only due to its caustic nature but also paraquat ingestion causes an accumulation of free
radicals which exacerbate inflammation causing extensive mucosal and tissue damage. Vitamin C neutralizes
those free radicals generated after paraquat ingestion therefore enhancing body’s antioxidant stores in order
to prevent mucosal damage and to maintain healthy oral tissues.25 45 Vitamin C also plays an important
role in immunomodulation, and its deficiency results in impaired immune responses.46 Ascorbic acid plays
an important part in wound healing; this is mainly attributed to its role in collagen synthesis and the
hydroxylation of lysine and proline.47 48These three major roles; antioxidant, immunomodulation and wound
healing, are significant in the treatment of mucosal damage induced by paraquat. Two clinical trials were
highlighted. The first trial used 0.2 Vit C that was taken orally three times a day.18 The second trial inco-
operated 5 grams Vit C as one of the ingredients in the formulation of a compounded paste. 25 Both trials
reported positive outcomes in relation to pain reduction and oral mucositis severity.

Discussion

The primary objective of treatment for mucosal injury after the ingestion of paraquat focuses on pain man-
agement, decreasing inflammation, antibiotic prophylaxis, antioxidant therapy and removal of accumulated
necrotic tissue. 17 1949 Currently, there is no consensus on a treatment protocol for corrosive oral mucosal
after the ingestion of paraquat. Different protocols exist, but the basis of all the different protocols carries
the same backbone which aims at maximum pain control for the patient, prevention of further damage, and
prevention of complications that may arise.50

Despite oral care and medical intervention being important treatment modalities for oral mucositis, other
factors like nutritional and psychological support also play an important role. Feeding difficulties due to
dysphasia and odynophagia is one of the major complications that come about from the ingestion of paraquat.
51Patients who are able to feed normally should avoid any irritants like spicy foods, acidic or tarty food, dry
or rough food, tobacco, alcohol and alcohol based mouthwash. Patients should also be encouraged to have
adequate fluid intake, which will be essential in maintaining the patients hydration status and also ensure
that the oral mucosa is adequately hydrated. Patients should be initially be started on smaller, frequent,
energy and protein dense meals or snacks in order to attain their caloric needs. 52 The consistency and
temperature of food should also be altered to be in tune with the patients tolerances (for example cool or
lukewarm temperature, soft solids, mashed solids, pureed solids foods). 17 For those with extensive oral
mucosal injury and are unable to feed normally, nutrition can be achieved by either enteral or parenteral
nutrition. Enteral nutrition involves the delivery of liquid formula beyond the esophagus, in an area where
the gut is functioning normally and is without injury. This is achieved through the use of either a feeding
tube or a stoma. Parenteral nutrition (TPN) refers to the delivery of calories and nutrients intravenously
through peripheral or central veins. 16 1718 19

Paraquat poisoning is usually seen in suicidal attempts, where the patients intentionally expose themselves to
the compound. These patients’ psychiatric state is fragile and unstable. After admission, caregivers should
ensure that the patients are in a safe environment. Safety can be ensured by the removal of anything that
can be fashioned into a weapon, and also any medication that could be used for deliberate self-harm. All
patients should be monitored frequently. Treatment of underlying psychiatric or psychological issues should
be initiated as early as possible. The provision of good psychological support has been shown to be beneficial

9
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for patients by reducing both psychological distress and physical symptoms through increasing quality of life
and enhancing coping mechanisms in relation to stress and pain.53 54

The primary findings through our systematic review clearly indicated that most of the studies used a multi-
drug combination for the interventions. These studies incooperated the use analgesics mainly lidocaine,
Chinese traditional herbal remedies, growth factors, corticosteroids and antioxidants. Seven studies in total
used compounded formulations in their management with the two main components of the compounded
formulation being a bland rinse like normal saline and lidocaine.16 19 2125 24 2355 The main advantage with
compounded formulations is that they integrate the use of different drugs and also they formulations are
able to cover a wider surface of within the oral cavity. Because of the integration of the different drugs,
compounded formulations not only actually did improve the healing time as well as pain control as compared
to the control and the placebo groups. Despite the popularity of compounded formulations other studies still
showed promising results with the use of individual multi-drug management. Chinese herbal remedies and
other natural remedies play an important role too in the management of paraquat induced oral mucositis.
Many studies have assessed the use of herbal and natural remedies in the management of oral mucositis. Our
highlighted studies have shown that herbal and natural remedies, like kangfuxin, MEBO, ying er tong and
tea oil and their associated anti-inflammatory, anti-oxidant and antimicrobial properties make them ideal
interventions that can be used in conditions that cause oral mucosal ulcerations. 18 16 25 28

Although there is no consensus on the management of paraquat induced oral mucositis, we believe that this
systematic review will provide guidance on the possible effective interventions, and also be a stepping stone
to further studies in order to determine the roles of possible new therapies.

Possible future interventions

Superoxide dismutase

Superoxide dismutase is one of the first line defense antioxidants alongside catalase and glutathione peroxidase
within the cells, which is basically an enzyme that catalyzes the dismutation of superoxide radicals which
are reactive oxygen species into oxygen, hydrogen peroxides and hydroperoxides. Catalases then ensure
the breakdown of hydrogen peroxides into water and oxygen. Clinically, superoxide dismutase may provide
essential antioxidant effects especially in conditions that cause an increased accumulation of reactive oxygen
species thus creating oxidative stress within the cells.56 A study by Hong Mei et al confirmed that the
antioxidant effect of superoxide dismutase is essential in the mitigation of paraquat induced inflammation in
the oral mucosa of animals. 57 This shows that superoxide dismutase has the potential of playing an important
therapeutic role in paraquat mucosal damage, and further studies and investigations are warranted.

Limitations

At presentation, patient stabilization, history taking concerning timing, the quantity of paraquat ingested
and detailed examination of presenting signs and symptoms (the presenting condition of the lips, tongue
mouth, and oropharynx) is prudent. The absence of erythema, ulcerations, or lesions should not completely
exclude the possibility of mucosal injury, and close oral assessment and observation should be done promptly
and routinely. This is mainly because the appearance of pathology is not always consistent and is dependent
on the dosage and the concentration of the paraquat ingested. As previously mentioned, the appearance of
lesions and ulcers may occur from hours to 2-5 days after ingestion.

Conclusions

Paraquat is a caustic agent that produces corrosive injuries to the oral mucosa and the upper gastrointestinal
mucosa. The associated injury to the mucosa is painful, and with that affects patients’ nutrition and quality
of life. To date, there is no definitive protocol for the treatment of mucosal injuries due to paraquat ingestion,

10
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with different hospitals and centers having different protocols. Our systematic review analyzed and hoped to
highlight the different interventions that can be used in the management of paraquat induced oral mucositis.
Our main findings were that the main method of management was the implementation of a multi-drug
regimen, which was mainly through the use of compounded preparations or a polydrug system. The review
also highlighted the importance of herbal and natural remedies, and that their proper use can be beneficial in
a clinical setting. The studies found were relatively small RCT’s, further detailed research towards paraquat
induced oral mucositis should be undertaken, with the hope of finding a consensus on the appropriate
interventions and management.

Clinical trial registration

Not applicable.

Permission to reproduce material from other sources

Not applicable.

Patient consent statement

Not applicable.

Ethics approval statement

Not applicable.

Data availability statement

Data availability is not applicable to this article as no new data were created or analyzed in this study.

Acknowledgements

Not applicable.

Conflict of interest

None.

Funding statement

This work was supported by Science Foundation of Liaoning Education Department (FWZR2020012); Fund-
ing of Department of Science and Technology of Liaoning Province (2020JH2/10300141); 345Talent Project
of Shengjing hospital.

11



P
os

te
d

on
22

M
ay

20
23

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

68
47

49
27

.7
29

77
88

5/
v1

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

References

1. Gawarammana IB, Buckley NA. Medical management of paraquat ingestion: Medical management of
paraquat ingestion. Br J Clin Pharmacol . 2011;72(5):745-757. doi:10.1111/j.1365-2125.2011.04026.x

2. Dinis-Oliveira RJ, Duarte JA, Sánchez-Navarro A, Remião F, Bastos ML, Carvalho F. Paraquat Poiso-
nings: Mechanisms of Lung Toxicity, Clinical Features, and Treatment. Crit Rev Toxicol . 2008;38(1):13-71.
doi:10.1080/10408440701669959

3. Smith P, Heath D, Fishman AP. Paraquat. CRC Crit Rev Toxicol . 1976;4(4):411-445.
doi:10.1080/10408447609164020

4. Bismuth C, Garnier R, Baud FJ, Muszynski J, Keyes C. Paraquat Poisoning. Drug Saf . 1990;5(4):243-251.
doi:10.2165/00002018-199005040-00002

5. Gil H, Hong J-R, Jang S-H, Hong S-Y. Diagnostic and Therapeutic Approach for Acute Paraquat Intoxi-
cation. J Korean Med Sci . 2014;29(11):1441-1449. https://doi.org/10.3346/jkms.2014.29.11.1441

6. Sun IO, Shin SH, Yoon HJ, Lee KY. Predicting the probability of survival in acute paraquat poisoning.
Kidney Res Clin Pract . 2016;35(2):102-106. doi:10.1016/j.krcp.2016.01.003

7. Sabzghabaee AM, eizadi-mood N, Montazeri K, Yaraghi A, Golabi M. Fatality in paraquat poisoning.
Singapore Med J . 2010;51:496-500.

8. Szewczyk A, Jarmuszkiewicz W, Koziel A, et al. Mitochondrial mechanisms of endothelial dysfunction.
Pharmacol Rep . 2015;67(4):704-710. doi:10.1016/j.pharep.2015.04.009

9. Avezov K, Reznick AZ, Aizenbud D. Oxidative stress in the oral cavity: Sources and pathological outcomes.
Mol Basis Vent Disord . 2015;209:91-94. doi:10.1016/j.resp.2014.10.007

10. Bingqi L, Qianming C, Zhuoran X. A Research on the Damage of Oxygen Free Radicals to the Oral
Mucosa of Animal(III)——Enzyme Histological Observations. West China J Stomatol . Published online
1993.

11. Yen T-H, Lin J-L, Lin-Tan D-T, Hsu C-W,Weng C-H, Chen Y-H. Spectrum of corrosive esophageal injury
after intentional paraquat ingestion.Am J Emerg Med . 2010;28(6):728-733. doi:10.1016/j.ajem.2009.06.001

12. Somu B, Halkur Shankar S, Baitha U, Biswas A. Paraquat poisoning.QJM Int J Med . 2020;113(10):752-
752. doi:10.1093/qjmed/hcaa009

13. Dewhirst FE, Chen T, Izard J, et al. The Human Oral Microbiome.J Bacteriol . 2010;192(19):5002.
doi:10.1128/JB.00542-10

14. El-Bahr SM. Biochemistry of free radicals and oxidative stress.Biochemistry . 2013;1(5567/5cjit):11-11.

15. Kilian M, Chapple ILC, Hannig M, et al. The oral microbiome – an update for oral healthcare profes-
sionals. Br Dent J . 2016;221(10):657-666. doi:10.1038/sj.bdj.2016.865

16. Yan L, Zhong-Lan C. Early Oral Care for Paraquat-poisoned Patients.West China Med J . 2011;33(8).

17. Ping H, Deqiong X, Lili L. Application of oral caring in patients with Paraquat poisoning. In: Vol 2011.
; 2011:3.

18. Yuan HE. Application of Comfortable Care in Patients with Paraquat Poisoning. Med Diet Health .
Published online 2019.

19. Jin-Zhen Z. The Clinical Application of Mouth Care for the Patients with Paraquat Poisoning by
Lidocaine. Med Innov China . Published online 2014.

20. Zhang XQ. The Effect of Lidocaine Gargle in the Treatment of Oral Ulceration Induced by Paraquat
Poisoning. Drug Eval . Published online 2016.

12



P
os

te
d

on
22

M
ay

20
23

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

68
47

49
27

.7
29

77
88

5/
v1

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

21. Chen S, Yu Q, Huang L. Effects of lidocaine gargle, gentamicin, dexamethasone mixture on oral mucositis
caused by paraquat poisoning. In: ; 2013.

22. Zhongkai Y, Aimin L, Xiaoju Y, Jun L, Aijun Q. Clinical effect of multiple drugs in the treatment of
patients with oral ulcer caused by paraquat poisoning. China Rural Health . Published online 2017.

23. Liu-qing H. Effect of Reducing Oral Mucosal Injury by Gargling Dexamethasone at Early Paraquat
Poisoning. J Qiqihar Univ Med . 2012;(6):5.

24. rhEGF combined with lidocaine for patients with oral mucositis due to paraquat poisioning. Sichuan
Med J . Published online 2009.

25. Hong Q, Ying-Lan H, Wei-Lan Z, Xiang-Hong L, Zhen-Zhou Z, Nursing DO. Effects of tea oil com-
bined with Montmorillonite Powder and Vitamin C in the treatment of oral ulcer induced by paraquat
poisoning.China Mod Med . Published online 2018.

26. Kravitz ND. The use of compound topical anesthetics: A review.J Am Dent Assoc . 2007;138(10):1333-
1339. doi:10.14219/jada.archive.2007.0048

27. Becker DE. Basic and clinical pharmacology of glucocorticosteroids.Anesth Prog . 2013;60(1):25-32.
doi:10.2344/0003-3006-60.1.25

28. Lian-Xiang LI, Ji-Xue S. Curative Effect Observation of MEBO Combined with Kangfuxin Solution in
the Treatment of Oral Ulcers Caused by Paraquat. Chin J Burns Wounds Surf Ulcers . Published online
2015.

29. Wang YC, Jian XD, Zhang ZC, Ning Q, Zhao B. [The experimental study of therapeutical effects of
KANGFUXINYE on upper gastrointestinal injury induced by paraquat in rats]. Zhonghua Lao Dong W
Sheng Zhi Ye Bing Za Zhi . 2012;30(3):220-222.

30. Yu-Ting, Cheng, Chi-Cheng, Lu, Gow-Chin, Yen. Beneficial Effects of Camellia Oil (Camellia oleifera
Abel.) on Hepatoprotective and Gastroprotective Activities. J Nutr Sci Vitaminol (Tokyo) . Published
online 2015.

31. Baharvand M, Jafari S, Mortazavi H. Herbs in Oral Mucositis. J Clin Diagn Res JCDR .
2017;11(3):ZE05-ZE11. doi:10.7860/JCDR/2017/21703.9467

32. Meyer-Hamme G, Beckmann K, Radtke J, et al. A Survey of Chinese Medicinal Herbal Treat-
ment for Chemotherapy-Induced Oral Mucositis. Lee S, ed. Evid Based Complement Alternat Med .
2013;2013:284959. doi:10.1155/2013/284959

33. Tang Q, Han S, Feng J, et al. Moist exposed burn ointment promotes cutaneous excisional wound
healing in rats involving VEGF and bFGF.Mol Med Rep . 2014;9(4):1277-1282. doi:10.3892/mmr.2014.1921

34. Weizhi W, Chungeng Z, Xianzhe M, Yue Z. The Efficacy of MEBO in Treating Oral Ulcers. Chin J
BURNS WOUNDS Surf ULCERS . 1997;2.

35. Huo-ju T, Ling Z, Yan-li Z. Clinical Application Of MEBO In Treating 76 Oral Cavity Ulcers. Chin J
Burns Wounds Surf Ulcers . 2001;(3):24.

36. Lansdown A. Silver in Health Care: Antimicrobial Effects and Safety in Use. In: Current Problems in
Dermatology . Vol 33. ; 2006:17-34. doi:10.1159/000093928

37. Beyth N, Houri-Haddad Y, Domb A, Khan W, Hazan R. Alternative antimicrobial approach:
nano-antimicrobial materials. Evid-Based Complement Altern Med ECAM . 2015;2015:246012-246012.
doi:10.1155/2015/246012

38. Le Ouay B, Stellacci F. Antibacterial activity of silver nanoparticles: a surface science insight. Nano
Today . 2015;10(3):339-354.

13



P
os

te
d

on
22

M
ay

20
23

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

68
47

49
27

.7
29

77
88

5/
v1

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

39. Tran PL, Luth K, Wang J, et al. Efficacy of a silver colloidal gel against selected oral bacteria in vitro.
F1000Research . 2019;8:267-267. doi:10.12688/f1000research.17707.1

40. Salzman M, O’Malley RN. Updates on the evaluation and management of caustic exposures. Emerg
Med Clin North Am . 2007;25(2):459-476.

41. Jiang Y-S, Ma Y-Y, Wang Z-Q, Li G-J. Therapeutic effects of smecta or smectite powder on
rats with paraquat toxication. World J Emerg Med . 2013;4(2):144-150. doi:10.5847/wjem.j.issn.1920-
8642.2013.02.011

42. Droy-Lefaix MT, Tateo F. Chapter 11.6 Clays and Clay Minerals as Drugs. Dev Clay Sci . 2006;1:743-
752. doi:10.1016/S1572-4352(05)01025-1

43. Fujisawa K, Miyamoto Y, Nagayama M. Basic fibroblast growth factor and epidermal growth fac-
tor reverse impaired ulcer healing of the rabbit oral mucosa. J Oral Pathol Med . 2003;32(6):358-366.
doi:10.1034/j.1600-0714.2003.t01-1-00111.x

44. Noguchi S, Ohba Y, Oka T. Effect of salivary epidermal growth factor on wound healing of tongue in
mice. Am J Physiol-Endocrinol Metab . 1991;260(4):E620-E625. doi:10.1152/ajpendo.1991.260.4.E620

45. Aditi A, Graham DY. Vitamin C, gastritis, and gastric disease: a historical review and update. Dig Dis
Sci . 2012;57(10):2504-2515. doi:10.1007/s10620-012-2203-7

46. Mousavi S, Bereswill S, Heimesaat MM. Immunomodulatory and Antimicrobial Effects of Vitamin C.
Eur J Microbiol Immunol . 2019;9(3):73-79. doi:10.1556/1886.2019.00016

47. Ringsdorf WM, Cheraskin E. Vitamin C and human wound healing.Oral Surg Oral Med Oral Pathol .
1982;53(3):231-236. doi:10.1016/0030-4220(82)90295-X

48. VITAMIN C AND WOUND HEALING. J Am Med Assoc . 1942;119(7):564-565.
doi:10.1001/jama.1942.02830240028010

49. Nursing Care of Oral and Esophageal Mucous Membrane in Patients with Acute Poisoning. J China
Med Univ . 2015;44(9):860-861. http://journal.cmu.edu.cn

50. Huiying X, Yajie L, Xiaoyan L. Research progress on nursing care of patients with oral cavity mucositis.
Chin Nurs Res . 2008;17.

51. Chibishev A, Markoski V, Smokovski I, Shikole E, Stevcevska A. NUTRITIONAL THERAPY IN
THE TREATMENT OF ACUTE CORROSIVE INTOXICATION IN ADULTS. Mater Socio-Medica .
2016;28(1):66-70. doi:10.5455/msm.2016.28.66-70

52. Aoki H, Otaka Y, Igarashi K, Takenaka A. Soy protein reduces paraquat-induced oxidative stress in rats.
J Nutr . 2002;132(8):2258-2262.

53. Rasimas JJ, Carter GL. Psychiatric Issues in the Critically Poisoned Patient. In: Brent J, Burkhart
K, Dargan P, Hatten B, Megarbane B, Palmer R, eds. Critical Care Toxicology . Springer International
Publishing; 2016:1-41. doi:10.1007/978-3-319-20790-2_44-1

54. Jobes DA, Au JS, Siegelman A. Psychological Approaches to Suicide Treatment and Prevention. Curr
Treat Options Psychiatry . 2015;2(4):363-370. doi:10.1007/s40501-015-0064-3

55. Xiao-Qing Z. The Effect of Lidocaine Gargle in the Treatment of Oral Ulceration Induced by Paraquat
Poisoning. Drug Eval . Published online 2016.

56. Younus H. Therapeutic potentials of superoxide dismutase. Int J Health Sci . 2018;12(3):88-93.
https://pubmed.ncbi.nlm.nih.gov/29896077

57. Hongmei Z, Qianming C, Bingqi L. Protective Effect of Superoxide Dismutase(SOD) Against Paraquat
(PARAQUAT) Induced Inflammation in Animal Oral Mucosa:Histologic Characterization and Quantitative
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Comparison. WEST CHINA J FOF Stomatol . Published online 1996.

58. Liu-qing H. Effect of Reducing Oral Mucosal Injury by Gargling Dexamethasone at Early Paraquat
Poisoning. J Qiqihar Univ Med . 2012;(6):5.

Table 1: Summarized studies highlighting the management of PARAQUAT induced ORAL
MUCOSITIS

Author

Study
Type,
Total
sample size Intervention

Route of
adminis-
tration

Indication
/
Treatment
or
prevention Agents

1 Liang Yan et
al 2011

Quasi-RCT N
=62

Early oral care Topical Prevention
and treatment

Multi- agent
management
using normal
saline,
yingertong,
gentamicin,
metronidazole
and dexam-
ethasone
Appropriate
dietary and
nutritional
measures

2 Hu ping et al
2011

RCT N = 76
patients (32
control group,
44 treatment
group)

Oral care
(multi-drug)

Topical and
PO

Treatment Multi-agent
management
using normal
saline or 5%
sodium
bicarbonate
gargle,
Ultrasonic
atomization of
3-5mls of
distilled water,
smecta powder
and lidocaine.
Appropriate
dietary and
nutritional
measures
Psychological
support
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Author

Study
Type,
Total
sample size Intervention

Route of
adminis-
tration

Indication
/
Treatment
or
prevention Agents

3 HE Yuan et al
2019

RCT N = 52
patients (26
control group,
26 treatment
group)

Oral care
(multi-drug)

Topical and
PO

Treatment Multi- agent
management
using 2%
sodium
bicarbonate
solution
gargle,
yinertong,
recombinant
human
epidermal
growth factor
spray,
Kangfuxin and
Vit C
Appropriate
dietary and
nutritional
measures
Psychological
support

4 Zhang et al
2014

RCT N = 84
patients (42
control group,
42 treatment
group)

Lidocaine Topical Treatment Lidocaine
gargle solution
Appropriate
dietary and
nutritional
measures

5 Zhang Xiao
Qing et al
(2016)

RCT N=60
(30 control
group, 30
treatment
group)

Lidocaine Topical Treatment Lidocaine
gargle solution
Appropriate
dietary and
nutritional
measures

6 Li Liang et al
(2015)

RCT N=45
(25 treatment
group, 20
control)

MEBO Topical Treatment Multi-agent
management
using
kangfuxing
and MEBO
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Author

Study
Type,
Total
sample size Intervention

Route of
adminis-
tration

Indication
/
Treatment
or
prevention Agents

7 Huang Jian et
al (2009)

RCT N=105
(55 treatment
group,
50=control
group)

Recombinant
human
epidermal
growth factor

Topical Treatment and
preventive

Multi-agent
management
using
recombinant
human
epidermal
growth factor
and lidocaine
gargle solution

8 Chen Shao et
al (2013)

RCT N=61
(31 treatment
group, 30
control group)

Compounded
preparation
(dexametha-
sone,
gentamicin
and lidocaine)

Topical Treatment and
preventative

Compounded
mouth wash
containing
normal saline,
2% lidocaine,
dexametha-
sone and
gentamicin

9 Qiu Hong et al
(2018)

RCT N=40
(20 treatment
group, 20
control group)

Compounded
preparation

Topical Treatment and
preventative

Multi-agent
management
using qingkou
mouth rinse
and a
compounded
paste (tea oil,
montmoril-
lonite powder
and vitamin
C)

10 Liu Qing et al
(2012)

RCT N=59
(30 treatment
group, 29
control group)

Dexamethasone Topical Treatment and
preventative

Dexamethasone
gargling
solution

Table 2: Population, Intervention, Comparison, Outcome (PICO) model to evaluate the effec-
tiveness of different treatment modalities in the management of PARAQUAT induced ORAL
MUCOSITIS
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Author
(Year) Population Intervention Comparison Outcome

1 Liang Yan et al
201116

Quasi-RCT N
=62

To compare the
efficacy of early
oral care as
compared to
delayed oral care
in PARAQUAT
induced ORAL
MUCOSITIS
Intervention< 3
days post
ingestion
patients has no
signs of oral
mucositis
Normal saline
and ying er tong
gargle
alternatively
three times a
day Gentamicin
80000 u,
metronidazole 4g
and
dexamethasone
5mg aerosol
inhalation, twice
a day

Interventions >3
days after
ingestions.
Patients have
signs or erosion
and oral
mucositis Mixed
drug
compounded
gargle twice
daily:
(Metronidazole
4g and
gentamicin in
normal saline 2)
Lidocaine 100
mg in 200-500ml
normal saline.
Vitamin B1
10-20 mg
3times/day

Significant
reduction in
formation and
severity of oral
mucosal lesion in
the experimental
group

2 Hu ping et al
201117

RCT N = 76
patients (32
control group, 44
treatment group)

To evaluate the
efficacy of proper
oral care.
Normal saline or
5% sodium
bicarbonate
gargle 3 ~ 4
times / day
Ultrasonic
atomization of
3-5mls of
distilled water
for 10 minutes
2-3 times/day
Coating using
smecta powder
2-3 times a day
Lidocaine for
pain relief prior
to meals

symptomatic
management

Treatment group
was more
effective in the
reduction of pain
and other
symptoms.
Treatment group
79.5% Control
group 28.1%

18



P
os

te
d

on
22

M
ay

20
23

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

68
47

49
27

.7
29

77
88

5/
v1

|T
hi

s
a

pr
ep

ri
nt

an
d

ha
s

no
t

be
en

pe
er

re
vi

ew
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

Author
(Year) Population Intervention Comparison Outcome

3 HE Yuan et al
201918

RCT N = 52
patients (26
control group, 26
treatment group)

To evaluate the
efficacy of proper
oral care. 2%
sodium
bicarbonate
solution gargle
Gargle with 10
mls yinertong for
3-5 minutes
recombinant
human
epidermal
growth factor
spray 3
times/day
Kangfuxin for
tooth brushing
Vit C 0.2g PO 3
times/day

Symptomatic
management

Treatment group
was more
effective in the
reduction of pain
and other
symptoms.
Treatment group
(92.17±3.25)
Control group
(79.37±2.38)

4 Zhang et al
201419

RCT N = 84
patients (42
control group, 42
treatment group)

To evaluate the
efficacy of oral
care using
lidocaine.
Lidocaine gargle
solution 100ml
normal saline
solution added 5
mls of 0.1g
lidocaine gargles
for 3 mins every
2 hourly

Patients gargled
with 5% sodium
bicarbonate
twice daily

Treatment group
was more
effective in pain
reduction and
healing time.
Treatment group
88.10% Control
group 66.67%

5 Zhang Xiao Qing
et al (2016)55

RCT N=60 (30
control group, 30
treatment group)

To evaluate the
efficacy of oral
care using
lidocaine.
Lidocaine gargle
solution : 2%
lidocaine in 100
mls of NS
gargled for 3
mins every
hourly

Symptomatic
management

Treatment group
was more
effective in pain
reduction and
healing time.
Treatment group
93.33% Control
group 53.33%
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Author
(Year) Population Intervention Comparison Outcome

6 Li Liang et al
(2015)28

RCT N=45 (25
treatment group,
20 control)

To evaluate the
effectiveness of
kangfuxin and
MEBO in
PARAQUAT
induced ORAL
MUCOSITIS
Patients initially
gargled with
kangfuxin and
the oral mucosa
was adequately
covered with
MEBO 3
times/day for a
week

Patients only
gargled using
kangfuxing

MEBO and
kangfuxing
proved to be
effective in the
prevention of
oral ulcers and
therefor
improving
healing time

7 Huang Jian et al
(2009)24

RCT N=105 (55
treatment group,
50=control
group)

To evaluate the
effectiveness of
recombinant
human
epidermal
growth factor
and lidocaine in
PARAQUAT
induced ORAL
MUCOSITIS
Recombinant
human
epidermal
growth factor
sprayed twice
daily for patients
without oral
ulcerations and 3
times/daily for
patients with
oral ulcers 10
mls lidocaine in
100 mls of
normal saline
gargled 2
times/day for 3
minutes

Patients gargled
with 5% sodium
bicarbonate
twice daily

Recombinant
human
epidermal
growth factor
and lidocaine
proved to be
effective in pain
reduction and
improving
healing time.
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Author
(Year) Population Intervention Comparison Outcome

8 Chen Shao et al
(2013)21

RCT N=61 (31
treatment group,
30 control group)

To evaluate the
effectiveness of
lidocaine,
dexamethasone
and gentamicin
in PARAQUAT
induced ORAL
MUCOSITIS
Mouthwash (
250 mls of 0.9%
normal saline, 5
mls of 2%
lidocaine, 5mg
dexamethasone
and gentamicin)
to be gargled
every 4 hourly
for a duration of
5 minutes

Mouthwash (
250 mls of 0.9%
normal saline
and 5mg
dexamethasone)
to be gargled
every 4 hourly
for a duration of
5 minutes

Treatment group
was more
effective in pain
reduction and
healing time as
compared to the
control group

9 Qiu Hong et al
(2018)25

RCT N=40 (20
treatment group,
20 control group)

Therapeutic
effects of tea oil,
montmorillonite
and Vit C.
Patients asked to
gargle with 15
mls of qingkou
mouth rinse 3-5
times/day The
oral mucosa and
the ulcers
surface were
covered by a
compounded
paste (10 ~ 20
ml tea oil and 5g
of
montmorillonite
powder and 5 g
vitamin C)

Patients asked to
gargle with 15
mls of qingkou
mouth rinse 3-5
times/day

Treatment group
was more
effective in pain
reduction and
healing time as
compared to the
control group
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Author
(Year) Population Intervention Comparison Outcome

10 Liu Qing et al
(2012)58

RCT N=59 (30
treatment group,
29 control group)

Effectiveness of
gargling
dexamethasone
solution in
relation to the
reduction of
mucosal injury.
Patients asked to
gargle with
dexamethasone
10mg in 250ml
normal saline
every 4 hours for
5 minutes.

Patients asked to
use normal oral
care methods
like the use of
normal saline
gargle

Treatment group
was more
effective in pain
reduction and
healing time as
compared to the
control group

Figure 1: Pathogenesis of PARAQUAT induced ORAL MUCOSITIS and the related inter-
ventions

Figure 2: Preferred reporting items for systematic review (PRISMA) diagram showing article
selection for PARAQUAT induced ORAL MUCOSITIS

Figure 3: Risk of Bias assessment across individual studies
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