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Abstract 

Peppermint (Mentha x piperita L.) is a medicinal plant with significant pharmacological 
and therapeutic activities but side effects and detrimental impacts on health have been 
described. Herein, we studied the literature concerning the reported inherent toxicity of 
peppermint. Accordingly, we classified peppermint and its main constituents in acute, 
subacute, chronic, developmental toxicity and cytotoxicity studies. The review outcome 
revealed that peppermint and its main constituents (pulegone, menthone, menthol and 
menthofuran) exhibit some evidence of moderate toxicity. Peppermint and its menthol 
isomers possess no major innate mutagenic, genotoxic or embryotoxic properties. 
However, there is evidence that peppermint essential oil interacts appreciably with 
cytochrome P450 isoenzymes to reduce or prevent their activities in rat and human liver 
microsomes and this has a substantial clinical implication for drug metabolism. Moreover, 
peppermint essential oil is contraindicated in patients with bile duct obstruction, gall 
bladder inflammation and liver disorders. In patients with gastrointestinal reflux or hiatus 

hernia, its use should be exercised with caution because it may exacerbate the symptoms 
of gastrointestinal reflux. 

 

Keywords: Peppermint, Menthol, Pulegone, menthofuran, Menthone, Toxicity. 
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1. Introduction  

Medicinal plants and herbal medicines have always played an important role in preventing 

and treating diseases throughout the world.1,2 Many medicinal plants have remedial effects 

but are not always safe and may be capable of causing toxicity.3,4 Based on the data from 

European and Brazilian poison centers gathered between 2006 and 2010, Mentha x 

piperita was reported as one of the ten most frequently used plant foods that caused 

adverse effects.5 

M. x piperita L. is an ancient herbal medicine 6,7which is a natural interspecific hybrid of 
spearmint (M.  spicata L.) and water mint (M. aquatica L.).8-11 The common name for M. 

x piperita is Peppermint. It is also commonly known as Nana, Brandy mint, Candy mint, 
Lamb mint or Balm mint all over the world.7,9 Peppermint is a perennial, glabrous, 
strongly scented herb belonging to the Lamiaceae family.12 Plants of this family are often 
used in traditional medicine for phytotherapy.13,14 

Peppermint is a fast spreading, herbaceous rhizomatous, winter hard plant with square 

cross sectional smooth stems which usually grow to a height of 30–90 cm. The rhizomes 

are widespread and fleshy with fibrous roots.9 The leaves are the most important part of 

the plant from which oil is extracted.7 They are 4–9 cm in length and 1.5–4 cm broad 

being dark green in color with reddish veins, having an oblong-ovate shape with an acute 

apex and coarsely toothed margins (Figure 1). Both the leaves and stems are slightly hairy. 

The flowers are purple-pinkish, 6–8 mm long, with a four-lobed corolla of approximately 

5 mm diameter which usually appears in the summer months. The chromosome number is 

variable, with 2n counts of 66, 72, 84, and 120.9,15 

The peppermint herb is native to Mediterranean Europe, naturalized in the northern USA 

and Canada but currently cultivated all over the world. It grows well in moist, shaded 

areas, with high water holding capacity soil.8,16  

Peppermint is used in various forms such as the essential oil and leaf extract. All the 

varieties have many uses, but the essential oil has the highest degree of general 

consumption11,17  and its global production amounts to about 8000 tons per year .9 The 

FDA banned the sale of peppermint essential oil over-the-counter as a digestive aid as early as 

1990 because of unproven effectiveness and nowadays, peppermint is sold as a dietary 

supplement.18  

The chemical constituents of M. x piperita are comprised of monoterpenoids, the main 

components of its essential oil. These include menthol (29-48%), menthone (20-31%), 

menthofuran (6-8%), pulegone, menthyl acetate (3-10%), limonene, pinene and piperitone 

in addition to caffecic acid, flavonoids like luteolin and menthoside, polyphenols including 

rosmaric acid, carotenes, tocopherols, narirutin, eriodictyol, tannins, betaine and 

choline.6,7,9,15 An active component of peppermint essential oil which has also been 

https://www.webmd.com/diet/rm-quiz-vitamins-benefits
https://www.webmd.com/diet/rm-quiz-vitamins-benefits
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highlighted in many studies as a key ingredient of the plant, is menthol but it also contains 

other constituents such as its biosynthetic precursor pulegone and its metabolites 

menthone and menthofuran (Figure 1).19-23   

Peppermint essential oil is currently used in the cosmetic, personal hygiene, food, 

beverage, pharmaceutical products and perfumery industries as a flavouring agent and for 

its fragrance properties.9,24,25 Also, currently it is used widely as flavoring in ice cream, 

chewing gum, cigarettes, breath freshener, mouthwash, toothpaste, dental floss, 

confections, and tea.11,16  
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Figure 1. Biosynthetic pathway of some monoterpinoids in M. x piperita showing the 

precursor (+)-Pulegone (originally derived from (-)-Limonene) and the products (-)-

Menthone, (-)-Menthol and the non-terpenoid (+)-Menthofuran22 as the main active 

constituents of peppermint essential oil.23 
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Over recent years it has been demonstrated that both peppermint and its constituents 
induce antioxidant, antispasmodic, aromatic, antimicrobial, antibacterial, antiviral, 
anticarcinogenic, antitumorigenic, antiallergic, antiinflammatory, antifungal, 

antimutagenic, anticancer, antinauseant, antiseptic, antilipid peroxidation, antiheadache 
and antiobesity properties.7,9,23,26-32  

Menthol is well absorbed by the oral route in rats (63% - 74%) and rabbits (86% - 

90%).33,34 and at ≤90%, this level is predictably much higher than that yielded by dermal 

absorption.35 Subsequently, Clegg and coworkers disclosed that [3H]-menthol was 

distributed in the urine, feces, ileum, fat, liver, serum, kidney, brain and testes.36  

Menthol is normally metabolized in the liver to menthol glucuronide.34,37  as the main 

biliary metabolite 34,37 and it is excreted in the urine and feces.33,34,36  The other urinary 

metabolites consist of mono- or di-hydroxylated menthol derivatives that are eliminated as 

glucuronic acid conjugates.37 In humans, menthol is excreted as the glucuronide in the 

urine within 12 to 24 hours after oral consumption.38-40  (+)-Pulegone is metabolized to (-

)-menthone by (+)-pulegone reductase in the cytosol and then further reduced by cytosolic 

(-)-menthone reductase to (-)-menthol. (+)-Menthofuran is also generated by conversion of 

(+)-pulegone in the endoplasmic reticulum via the enzyme (+)-menthofuran synthase 

(Figure 1).22,23 

In the case of peppermint, it modulates the enzymes of phase I and phase II metabolism41 

which play an important role in biotransformation or inactivation of endogenous 

compounds and xenobiotics.42
 Additionally, peppermint has been shown to ameliorate the 

harmful effects of carbon tetrachloride on liver function.43 Despite the widespread use of 

peppermint as a medicinal plant in many countries, there has been no truly comprehensive 

recent overall scrutiny categorizing its toxic effects in vitro and in animal and human 

studies. In view of this situation therefore, the current review was undertaken to evaluate 

the literature on the acute, sub-acute, and chronic toxicity of peppermint and its main 

products, with a focus on any possibility of induction of direct toxicity and/or 

developmental and mutagenic detriment. 

 

 

2. Method 

A comprehensive literature search was performed on scientific databases including: 

PubMed, Scopus, Google Scholar and Science Direct. The relevant key words used as 

search terms were: “Mentha piperita”, “peppermint”, “menthol”, “pulegone”, “menthone”, 
“menthofuran”, “chronic toxicity, sub-chronic toxicity, sub-acute toxicity, acute toxicity, 

mutagenicity, genotoxicity” and “developmental toxicity”. Relevant full papers and 

abstracts were retrieved, then the reference lists of the key papers for further evaluation 

were searched and both in vitro and in vivo investigations were incorporated.  
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The toxic effects of peppermint were categorized and assigned to the following main 

headings of the toxicological findings: mutagenicity, genotoxicity, cytotoxicity, 

hepatotoxicity, carcinogenicity, embryotoxicity/developmental toxicity, carcinogenicity, 

clinical and preclinical toxicity. 

 

3. Toxicological findings 

A range of side effects have been reported regarding medicinal plants and natural 

products. These toxicological properties may occur by different mechanisms which 

include direct toxicity, contamination and pharmacological interactions with drugs and/or 

other herbs.44  

In this particular context, the four prime potentially toxic compounds which have been 

identified in peppermint are menthol, pulegone, menthone and menthofuran.9 Also, it 

should be noted that in the case of peppermint, the extraction method can affect the 

essential oil concentration. A distinctive example of this is selective ohmic-assisted 

hydrodistillation as compared to traditional hydrodistillation which produces variation in 

the chemical composition of extracted essential oils45 and this may well influence the 

toxicological outcome of the extract. 

3.1. Acute toxicity 

The primary toxicity test of any chemical substance is invariably performed acutely and 

the median lethal dose or LD50, as a method of assessment, has been employed historically 

for many years in this regard. However, in recent years more acceptable methods of 

evaluation have been pursued.46 Nonetheless, in the LD50 test, interspecies sensitivity, 

after single exposure to a chemical substance is initially observed routinely for 14 days.47 

Many factors such as animal age, weight, strain and diet influence the LD50 outcome value 

and rats and mice are the most commonly used species in the test.47-49 Arising from LD50 

values accumulated over time, toxicity levels of chemicals have been categorized into five 

different classes as follows: dangerously toxic (<1.0 mg/kg), extremely toxic (1-50 

mg/kg), very toxic (50-500 mg/kg), moderately toxic (500-5000 mg/kg), slightly toxic 

(5000-15000 mg/kg) and practically non-toxic.50 

LD50 values have been reported for peppermint essential oil at varying doses in the range 

2410 – 4441 mg/kg in rats.20,51,52 Whereas in mice, an LD50 >1600 mg/kg has been 

documented for peppermint oil24 and at an acute dose of 0.2 ml/kg, it has not only been 

shown to prolong pentobarbitone-induced sleeping time but also to chronically potentiate 

midazolam motor incoordination.17  

Menthol isomers (L-menthol, D-menthol and D/L-menthol) present in peppermint oil24 

have been shown to produce low acute oral toxicity with LD50 values typically >2000 

mg/kg in rats and mice.53 However it is noteworthy that these isomers did produce local 

irritancy to the eye, skin53 and respiratory tract54 though intraspecies studies generally 
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suggested there was low sensitizing activity by a variety of routes55 (Table 1). Menthol 

also has insecticidal activity and in this respect, it is not only mosquitocidal56 but it also 

acts as a fumigant with ovicidal activity against houseflies.23,57    

 

Allergic contact dermatitis has been reported to herbal remedies using patch testing.58 The 

action of L-menthol and D/L- menthol on patients with different skin conditions such as 

dermatoses, eczematous lesions, contact dermatitis and mucosa/skin reactions may evoke 

sensitivity reactions (0-6.1%). Nevertheless, the overall, sensitizing effect of menthol 

isomers has tended to be generally low59-62 or even non-existent.63  

High doses of the monoterpene ketone, pulegone, as well as menthofuran in the herb 

pennyroyal (M. pulegium), have been reported to be abortifacient.23,64 Pulegone also 

possesses insecticidal toxicity against houseflies, cockroaches, rice weevils and 

earthworms.65 Menthone and menthofuran, on the other hand, have both been shown to 

cause an increase in liver weight, hepatotoxicity and cerebellar pathology even in the 

short-term.66,67 Additionally, menthofuran has been described as causing pediatric multiple 

organ failure68 and as a metabolite of pulegone, it may well contribute appreciably to the 

overall toxicity of the parent pulegone.69 
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Table 1. Acute toxicity findings with peppermint and its main constituents. 

Compound Species Main finding Reference 
 

  Peppermint 

  essential oil 

Human 
Overdose coma/hypoxemia, severe 

hypotension and shock 
70 
 

Peppermint 

essential oil 

Mouse 
 

LD50 = 1612.45 mg/kg 
 

24 
 

Peppermint 

essential oil 
Rabbit 

Respiratory harm 
 

71 
 

 

Menthol 
Human 

Coma, convulsions, hematuria, fatality 
 

72 

Menthol Rat/Mouse LD50 = 2046-2615 mg/kg 53,73 

Menthol 
Mouse 

 

Respiratory tract irritation (16 ppm) 
 

54 
 

Menthol Insects Mosquitocidal 56 

Menthol Insects 
House fly Fumigant/Ovicidal 

 
23,57 

 

 

Pulegone 

 

Human 

Paediatric multiple organ    failure 
(Pulegone in pennyroyal/M. pulegium) 

 
68 

Pulegone 

 
Human 

Hepatotoxicity (Pulegone in 
pennyroyal/M. pulegium) 

 

67 
 

Pulegone 

 
Human 

Abortifacient 
(Pulegone in pennyroyal/M. pulegium) 

 

64 
 

Pulegone 

 

Rat 
 

Hepatotoxicity 
 

74 

Pulegone 

 
Rat 

≤600mg/kg Hepatotoxicity/lethality 
 

20,75 

Pulegone 

 
Insects 

House fly fumigant/ovicidal 
 

23,57 

 

Menthone 

 

Rat 
Hepatotoxicity and cerebellar 

pathology 
 

66 

Menthone 

 
Rabbit 

Intradermal Moderate/severe reactions 
 

20 

 

Menthofuran 

Human 
 

Hepatotoxicity 
(Menthofuran in pennyroal/M. 

pulegium) 
 

67 

Menthofuran 
Human 

 

Pediatric multiple organ failure 
(Menthofuran in Pennyroyal/M. 

pulegium) 
 

68 

Menthofuran 
Human 

 

Abortifacient 
(Menthofuran in pennyroyal/M. 

pulegium) 
 

64 
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Peppermint essential oil, menthol, pulegone and menthone, but not menthol,76 have been 

reported to create cyst-like spaces in rat cerebellar white matter.66,77 However, later 

independent evaluation deduced that these pathological findings were likely to be artefacts 

originating from the method of tissue preparation and fixation.78,79  

 
 

3.2. Subacute toxicity 

Subacute toxicity is described as the effects of a specific substance that is administered at 

three to four different dosages to animals repeatedly over a period of 14-28 days of 

exposure. The results and information derived about the toxicity of a substance may then 

be used to determine doses for sub-chronic studies.47,48 Thus, in this frame of reference, L-

menthol has been administered in mice sub-acutely (2000-5000 mg/kg) by gavage for 5-14 

days and the LD50 was subsequently determined as 2600 mg/kg.53  

 

3.3. Sub-chronic toxicity 

Sub-chronic toxicity tests are usually conducted in both sexes of rats, mice and dogs. 

Substance administration (at least three doses) is carried out for 30-90 days. The no 

observed adverse effect level (NOAEL), lowest observed adverse effect level (LOAEL), 

respiratory and cardiovascular functions, biochemical and hematological parameters, body 

weight, and food consumption are then recorded. The results of the sub-chronic test at that 

juncture are used to establish doses suitable for later chronic studies.47,50  

Sub-chronically administered peppermint oil (100 mg/kg per day for 90 days) in rats is 

known to cause nephropathy (hyaline droplet formation) and cyst-like spaces scattered 

throughout the white matter of cerebellar tissues.20,77 Despite this finding, there is no 

evidence that either encephalopathy or epithelial degeneration occurs in the brain.80  

Analogously, B6C3F1 mice exposed to daily DL-menthol for 13 weeks exhibited a 

decrease in body weight and Fischer 344 rats treated for the same period displayed 

spontaneous interstitial nephritis (Table 2).53 In another investigation regarding 

inhalational toxicity, Sherman rats were exposed to vaporized L-menthol and transient 

conjunctival erythema, tracheitis, pulmonary congestion, pneumonitis and severe 

congestion to pneumonitis, were described although exposure concentrations were not 

presented.53,81  

In a study using rats, pulegone was administered by gavage at a dose of 160 mg/kg and 

there was a decrease in food consumption and body weight but no cerebellar pathology 

was observed. However, liver weight and plasma alkaline phosphatase were increased 

which was suggestive of an adverse hepatic effect.82 In contrast, menthone toxicity has 

been described following sub-chronic treatment75 but no adverse effects were detected 

when menthofuran was presented in the diet.83  
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3.4. Chronic toxicity 

 The duration of chronic toxicity testing normally involves longer than 3-months of 

exposure, although it tends to be extended in rodents (six months to two years) and non-

rodents (one year or longer). Chronic toxicity studies are employed to evaluate the 

maximum tolerable dose, urinary metabolite indexes and physiological as well as 

pharmacokinetic aspects of the chemicals under test.47 

There are no available reports on the chronic toxicity of peppermint in humans. However, 

high concentration exposure to menthol vapor has been shown not to induce chronic 

toxicological effects in rats.84 Notwithstanding this, Fischer 344 rats receiving daily doses 

of D/L-menthol for 103 weeks, disclosed renal inflammation in the males but decreased 

mammary gland fibroadenomas in females85 (Table 2). Pulegone in a two-year study 

however, did cause fatality in mice and rats.86  
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Table 2.  Sub-chronic and chronic toxicity findings for peppermint and its main 

constituents 

Compound Species Findings Reference 

Peppermint   

essential oil 

Rat 100 mg/kg per 

day for 90 days 
Nephropathy 80 

 

 

Menthol 

 

Human 
(4 days exposure) 

Coma, convulsions, 
hematuria, fatality 

 
72 

Menthol 

 

Human 
20 years 

 

Coma and ataxia 
87 

 

Menthol 

 

Mouse 
(3913 or 4773 

mg/kg/day) for 13 

weeks 

Body weight decrease 53 

Menthol 

 

Rat 
(937 and 998 

mg/kg/day) for 13 

weeks 

Spontaneous 

interstitial nephritis 
53 

Menthol 

 

Rat 
(188 or 375 

mg/kg/day) for 103 
weeks 

 

Renal inflammation 
in males and 

decreased mammary 
gland fibroadenomas 

in females 

85 

Pulegone 

Rat 
Oral - 28 days 

 

NOEL 
<160 mg/kg/day 

 

82 

 

Pulegone 
Rat 

2-years 

75mg/kg 
Fatality 

 
86 

Pulegone 

Mouse 
2-years 

 

150 mg/kg 
Fatality 

 

86 

 

Menthone Rat (sub-chronic) 
200 mg/kg/day 

toxicity 
75 

Menthofuran 
Rat (23 mg/kg) 
14-day dietary 

No adverse effect 83 

 



13 

 

 

3.5. Mutagenicity, genotoxicity, cytotoxicity, hepatotoxicity, carcinogenicity, 

embryotoxicity/developmental toxicity studies. 

Adverse effects of medicinal plants on the development of organisms from the time of 

chemical or physical agent exposure at the pre-natal or post-natal stage up to the time of 

puberty are studied in developmental toxicity tests. Developmental toxicity includes 

growth retardation, structural malformations, functional or metabolic impairment and 

death of the organism. A component of developmental toxicity studies is reproductive 

toxicity which is intended to determine the adverse effects of substances on the male and 

female reproductive system. Correspondingly, substances that have developmental toxicity 

effects on the fetus are designated as teratogens.47,49   

Data concerning the conceivable mutagenicity, genotoxicity, carcinogenicity, and 

developmental toxicity of peppermint and its constituents are summarized in Table 3. In 

vitro, the results of the Ames test for peppermint oil against Escherichia coli (WP2 uvrA) 

and bacterial strains of Salmonella typhimurium (including: G46, TA92, TA94, TA97, 

TA97a, TA98, TA100, TA102, TA1535, TA1537 and TA2637) did not manifest any 

evidence of mutagenicity.20,88-96 Also, in the mouse lymphoma mutation test, D/L-menthol 

(150 µg/ml) was not mutagenic in L5178Y tk+/- mouse lymphoma cells.97 Conversely 

however, peppermint did possess mutagenic effects in Drosophila melanogaster.98,99  

In other studies, D/L- and L-menthol effects have been investigated in Chinese hamster 

ovarian cells, human peripheral lymphocytes, human embryonic lung cells and human 

TK6 lymphocytes. It was conspicuously clear that none of these studies revealed any 

significant increase in polyploidy or numbers of aberrations in any of the assays.100-103 

Moreover, the single cell comet assay on D/L-menthol cytotoxicity and genotoxicity in 

Chinese hamster ovary K5 cells revealed an identical absence of positive activity.104 The 

possible mutagenicity of menthol in other investigations such as Bacillus subtilis anaphase 

chromosome aberration in the carcinoma prediction assay in C3H/10T1/2 cells carrying 

bovine papilloma virus DNA (D/L-menthol), human tissue culture cells (fibroblasts),105 

umu DC-lacZ genes in the Salmonella typhimurium strain TA1535/pSK1002,106 also have 

not divulged any explicit mutagenic propensity. Conversely, the in vitro alkaline 

elution/rat hepatocyte assay which is an important test for genotoxicity, has indicated that 

D/L-menthol is genotoxic.107 Furthermore, peppermint essential oil (0.30 µl/ml) generated 

sister chromatid exchange in human lymphocytes and induced chromosomal 

aberrations.108 It also prevented cell replication and the mitotic activity of human 

lymphocytes. The essential oil of this herb therefore is clastogenic but it is not a typical 

elastic clastogen because it has a mutagenic effect on Drosophila melanogaster somatic 

mutation (0.20 µl/ml).96,98,109  

Several in vivo studies have examined the effects of oral D/L-menthol in the comet assay 

in mice and all of them concluded that it was not mutagenic.110-113  Nonetheless, in a 
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replicative DNA synthesis test in B6C3F1 mice and F344 rats, D/L-menthol did display 

mutagenic effects at a low dose after 24 hours and at a high dose after 39 hours.111,112 

Interestingly, peppermint essential oil exhibited no mutagenicity in the 

Salmonella/mammalian-microsome test even though menthone by itself, which is present 

at 33.7% in the oil, was detected as a mutagen.88  

Antigenotoxicity effects of M. x piperita leaf extracts have been studied and they were 

found to reduce not only radiation induced chromosomal aberrations but also micronuclei 

in bone marrow cells from Swiss albino mice.12,114 In addition, it was later confirmed by 

the same research group, that peppermint was a chemopreventive antigenotoxic agent in 

benzo[a]pyrene-treated animals.115 

In early studies concerning peppermint oil carcinogenicity, mice were dosed with 4-16 mg 

of oil/kg/day by gavage, for 6 days per week over 80 weeks. Animal body weights were 

subsequently decreased but there was also evidence of concomitant lung, kidney and 

hepatocellular carcinoma as well as malignant lymphoma.20,116 In overall contrast, in 

another contemporary investigation, peppermint essential oil was basically shown to be 

cytotoxic on human lymphocytes.96 In addition, the oil has also been examined in prostate 

(LNCaP) and breast cancer (MCF-7) cell lines using the MTT test and a distinct potential 

for cytotoxicity was identified in both cell culture models.117  

A more recent study on peppermint cytotoxicity was performed on human cancer cell lines 

(lung carcinoma cell line SPC-A1, leukemia cell line K562 and gastric cancer line SGC-

7901) and IC50 values were reported as 10.89, 16.16 and 38.76 mg/ml respectively.118 

Peppermint has similarly been shown to prevent the growth of A549 non-small cell lung 

adenocarcinoma cells (IC50=879.52 ± 22.55 μg/ml) in the MTT test and to have an 

inhibitory action against DNA topoisomerase I (topo I).119 In contrast though, peppermint 

extract was shown to be devoid of toxicity on human (HepG2/C3A) and mouse (MH1C1) 

hepatoma cells. In fact, it was concluded that peppermint leaf extract was useful as a 

negative control.53 Also, in B6C3F1 mice and Fischer 344 rats dosed for 103 weeks, with 

D/L-menthol it was concluded that it was not carcinogenic in either species.85 

The peppermint constituent pulegone, is metabolized to piperitenone, piperitone, 

menthofuran, and menthone and these compounds are present in post-treatment urinary 

samples. As a consequence, pulegone, along with its main metabolites, were all tested for 

cytotoxicity in rat (MYP3) and human (1T1) urothelial cells using the MTT assay. 

Microscopic examination of the bladders from treated animals revealed superficial 

necrosis and exfoliation and there was an increased incidence of bladder neoplasms. It was 

deduced therefore that cytotoxicity followed by regenerative cell proliferation was at least 

theoretically responsible for pulegone-induced urothelial tumors in female rats .120 

A study of peppermint on embryotoxicity during organogenesis in Balb/c mice did not 

reveal any evidence of a teratogenic effect even at doses up to 1200 mg/kg/day. However, 

fetal weights were decreased in the treatment group which was attributed either to 
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inhibition of cell growth via an inherent genotoxic effect or reabsorption of fetal 

extracellular fluid .121 

In another study, the effect of natural Brazilian menthol was examined on a variety of 

pregnant species. These included mice (≤ 185 mg/kg/day on gestation days 6-15), rats (≤ 
218 mg/kg on gestation days 6 to 15), hamsters (≤ 405 mg/kg/day on days 6-10 of 

gestation) and artificially inseminated rabbits (≤ 425 mg/kg/day on gestation days 6 to 18). 

The study outcome conclusion was that menthol had no teratogenic effects and that it did 

not incite any fetotoxic abnormalities.20 

 

Although pulegone produced a negative outcome in the Ames test,122 when given over a 

two-year period in mice (150 mg/kg by gavage) it yielded positive evidence of 

hepatoblastoma and hepatocellular carcinoma.86  By way of contrast, menthone generated 

a positive in the Ames test,123 but at a high dose, it did not produce any in vivo indication 

of a chronic pulmonary tumor response in mice.124 More recently, menthofuran proved to 

be negative in the Ames test122 and positive in the comet assay.125  
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Table 3. Mutagenicity, genotoxicity, carcinogenicity and developmental toxicity of 

peppermint and its constituents. 

Compound Test 
Animal species 

or bacterium 

Animal or 

cell culture 

strain 

Result 

(+/-) 
Reference 

Peppermint 

essential oil 

 

Ames test 
Escherichia coli WP2 uvrA 

 

- 
20,96 

 

Peppermint 

essential oil 

 

 

Ames test 

 

Salmonella 

typhimurium 

TA92, TA94, 
TA97 TA98, 

TA100, 
TA102, 

TA1535, 
TA1537, 
TA2637, 

G46 
 

 

 

- 

20,96 

Peppermint 

oil 

 

D/L-Menthol 

(150 µg/ml) 

 

Lymphoma 
mutation assay 

Mouse 

Lymphoma 
cells 

L5178Y 
tk+/- 

 

- 
97 

Peppermint 

leaf extract 

 

Teratogenicity 
test 

 
Mouse  

 

- 

121 
 

D/L- Menthol 

(1000 or 2000 

mg/kg) 

Replicative 
DNA synthesis 

test 
Mouse 

male 
B6C3F1 
mice and 
F344 rats 

 

+ 
111,112 

 

D/L Menthol 
Comet assay Mouse  

 
- 
 

111,112 

D/L Menthol 

Developmental 
toxicity 

 
Mouse  

 
- 
 

121 
 

D/L Menthol 

Developmental 
toxicity 

 

Rat, Mouse and 
Hamster 

 
 

 
- 
 

20 
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Pulegone 

 

 

Ames test 

 

 

Salmonella 
typhimurium 

TA100, 

TA1535   
≤10000 
μg/plate 

-  
122 

 

Pulegone 

 

Carcinogenicity 
urinary bladder 

and renal 
damage 

Rat  
 

+ 
86,120,125 

Pulegone 

 

Hepatoblastoma 

 

Hepatocellular 
carcinoma 

(≤150 mg/kg 
gavage x 2 

years) 

Mouse  + 86 

Menthone Ames test 
Salmonella 

typhimurium 
TA1537 + 123 

Menthone 
Pulmonary 

tumor response 

Mouse 

(4.75g/kg over 
24 weeks) 

 
 

- 
75,124 

Menthofuran 
Ames test 

 

Salmonella 
typhimurium 

TA100, 
TA1535 
≤10000 
μg/plate 

- 122 

Menthofuran Comet assay Rat  + 125 
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The European Medicines Agency125 has considered whether the tumors observed in animal 

experiments are meaningful for human risk assessment. Substantiated in sub-

chronic/chronic studies, organs of focus for pulegone as an example, are the liver and 

kidney.86 Moreover, sustained cytotoxicity plus cell proliferation induced by reactive 

cytotoxic metabolites rather than genotoxicity appear to be underlying neoplastic 

mechanisms.125 Thus, in the case of pulegone, long-term clinically non-relevant doses and 

continuous exposure are needed to incite neoplasms in rodents.125 Consequently, the 

committee on herbal medicinal products (CHMP) has recommended a pulegone exposure 

limit of 0.75 mg/kg body weight per day. 

 

3.6. Clinical studies and case reports on the side effects of peppermint and its related 

compounds.  

In a clinical investigation performed in the 1980s subjects were exposed to 1.0 g of 

menthol crystal vapor for 5 minutes after which they experienced a well-documented cold 

sensation in the nasal passages and the familiar perception of improved airflow.126 In 

addition, high doses of menthol are capable of inducing abdominal pain, convulsions, 

nausea, ataxia, drowsiness and coma.127 On top of this, menthol has also been shown to 

cause adverse effects on the CNS (ataxia, euphoria, nystagmus and diplopia) as described 

in a case report on a young teenager who inhaled 200 mg of menthol.128 On a similar note, 

in children younger than one year of age, intranasal administration of menthol is known to 

cause apnea, laryngeal and bronchial spasms and acute respiratory distress probably 

mediated by a reaction of the trigeminal nerve.127,129-131  

In dermatitis tests on patients who received various concentrations of peppermint oil, there 

was some positive hypersensitivity.20,61,132 In contrast, a triple-blind clinical trial on 96 

pregnant women with pruritus gravidarum who took 60 ml of peppermint oil twice per day 

for 2 weeks displayed no adverse effects.133 Similarly, in pediatric patients with irritable 

bowel syndrome who consumed 180 mg peppermint oil orally, no adverse effects were 

observed.134  

Several studies have been conducted concerning the effects of different doses of 

peppermint in patients leading up to a variety of conditions such as: orofacial 

granulomatosis, lichenoid eruptions of the oral mucosa, eczema on the hands and 

sensitization to tixocortol pivalate, allergic contact dermatitis, allergic contact cheilitis of 

the lips and perioral skin, dyspnea, recurrent irritant rash and even induction of IgE 

mediated systemic anaphylaxis. The majority of these ailments occurred as a result of a 

positive allergic reaction to peppermint, often accompanied by erythema and topical 

sensitivity.135-143  

Menthone administered to rats at a high dose over 28 days did display some signs of 
hepatotoxicity and cerebellar histopathology.66,144 However, as mentioned previously, the 
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significance of this finding may warrant careful interpretation. Pulegone and menthofuran 
are present in the herb pennyroyal, and their effects are often extrapolated from this 
source. Both compounds in this respect are thought to be abortifacient67,145,146 and 

menthofuran causes contact dermatitis as well as urticarial.147,148  

 

3.7. Contraindications, side effects and drug interactions related to peppermint and 

its constituents. 

  

Menthol administered for 28 days (≤ 800 mg/kg) in rats caused hepatocellular changes 

(vacuolization of hepatocytes) and pulegone (≤ 160 mg/kg) has also not only been 

reported to be hepatotoxic but neurotoxic as well. Consequently, it caused weight loss, 

atonia, decreased blood creatinine, histopathological changes in the liver and also in the 

white matter of the cerebellum.149 Menthone (≤ 800 mg/kg orally) on the other hand, dose 

dependently  decreased plasma creatinine, but increased alkaline phosphatase and bilirubin 

along with liver and spleen weights.66 In a later study examining peppermint constituents 

for their possible induction of the encephalopathy, one-month treatment with limonene 

(≤1600 mg/kg) or 1,8-cineole (1000 mg/kg) produced an accumulation of protein droplets 

containing α2µ globulin in proximal tubular epithelial cells but no encephalopathy in 

rats.150  

Peppermint and menthol have both been shown to possess Ca2+ channel blocking 

properties which may underlie their mechanism of efficacy against irritable bowel 

syndrome in the clinic.151 However, in some patients, the use of peppermint is 

accompanied by oral symptoms like burning mouth syndrome and oral ulceration.152-154 

Also in this context, direct application of peppermint oil to the chest or nasal area of 

infants is not recommended due to the risk of apnea, bronchial and/or laryngeal spasms .9 

Peppermint essential oil also is contraindicated in patients with bile duct obstruction, gall 

bladder inflammation and liver disorders .109 A further adverse effect has been detailed in 

rats receiving high dose peppermint tea (20g/L) where there were increased follicle 

stimulating hormone (FSH) and luteinizing hormone (LH) levels but decreased total 

testosterone concentrations.155  

Peppermint oil can cause heartburn or perianal irritation, bradycardia and muscle tremor, a 

hypersensitivity reaction, contact dermatitis, abdominal pain and jaundice in newborn 

babies.7,152,156-162 (Olowe and Ransome-Kuti, 1980; Parys, 1983; Familusi and Dawodu, 

1985; Nash et al., 1986; Lawson, 1988; Wilkinson and Beck, 1994; Sainio and Kanerva, 

1995; Rita and Animesh, 2011; Milqvist et al., 2013). What is more, a study on a 58 year 

old woman who smoked menthol cigarettes also established that she suffered from 

gastrointestinal upsets with occasional vomiting, hand tremor, mental confusion and 

depression which were all ascribed to menthol.109 (Table 4). Similarly, in another case 

report, a 40-year-old woman with asthma and no history of asthma or any other forms of 
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allergy, presented with dyspnea, wheezing and nasal symptoms after using menthol 

containing candies and toothpaste.163  

There are numerous types of herbal medicine-drug interactions.164 One of the most 

prevalent types of interaction occurs between herbal products and drug metabolizing 

enzyme systems, particularly the cytochrome P450 isoenzymes (CYP). In essence, CYP 

isoenzymes play a major role in the phase I metabolism of certain drugs. Peppermint oil 

does interact with cytochrome P450 isoforms (for example: CYP1A2/2C8/2C9/2C19/2D6 

and 3A4) and therefore it may well modify the levels of drugs metabolized by those 

particular cytochromes.165 A case in point is afforded by peppermint essential oil 

preventing cytochrome P450 izoenzyme 3A (CYP3A) activity in rat and human liver 

microsomes thus inhibiting cyclosporine metabolism in vitro.166 Hence this type of 

peppermint interaction is capable of imposing a meaningful impact on drug effectiveness 

in the clinic. 
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Table 4. Case reports on the side effects of peppermint and its main constituents. 

Compound Species Main side effect Reference 

 

Peppermint essential oil 

 

 
Human 

 

Vital signs disrupted ≤ 
8 hours and 

unconscious ≤ 24 hours 
 

70 
 

 

Menthol 

 

 

Human 

Pain and cold 
hyperalgesia 

(at 40% concentration), 
ataxia and coma 

72,87167,168 
 
 

 

Menthol 

 

Rat 

Hepatocellular changes 
(200, 400, 800 mg) for 

28 days 
149 

 

Pulegone 

 

 

Human 

Abortefacient, fatality 
(present in Pennyroyal) 
Serum concentration = 

18 ng/ml 

67,145,146 
 

Pulegone 
 

Rat 

Weight loss, atonia, 
decreased blood 

creatinine content 

(Dose = 80, 160 mg) 
for 28 days 

149 

 

Menthone 

 

Rat 

Increased alkaline 
phosphatase, decreased 

creatinine, increased 
bilirubin and liver and 

spleen weights. 
NOEL = 200 mg/kg     
bw/day. (Dose ≤ 800 
mg/kg for 28 days) 

66 ,144 
 

 

Menthofuran 

 
Human 

 

Abortefacient, fatality 
(present in Pennyroyal) 
(Serum concentration = 

1-40 ng/ml) 

67,145 
 

Menthofuran 
 

Human 

Allergic contact 
dermatitis (erythema, 
vesiculation, edema). 

Contact urticaria. 

(present in Pennyroyal) 

147,148 
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Peppermint essential oil formulated as enteric-coated capsules has been shown to be well 
tolerated and effective against irritable bowel syndrome.169 Peppermint is also a risk 
factor for gastroesophageal reflux disease (GERD)170 and lifestyle changes including 
reduced peppermint intake have been recommended by the American College of 
Gastroenterology.171 In respect of this, peppermint essential oil, not only stimulates bile 
fluid secretion but may be involved in upregulating the bile acid synthesis‐related gene, 
cholesterol 7α‐hydroxylase (CYP7A1), and the nuclear bile acid receptor FXR (farnesoid 
X receptor) mRNA.172  

It has been shown that the terpene preparation Rowachol, which contains menthol and 
menthone,173 has cholelitholytic activity and its use has been recommended with careful 
monitoring for potential complications during cholesterol gallstone treatment.174 A 
mechanism underlying Rowachol activity may derive from a combination of its 
cholelitholytic, choleretic and spasmolytic properties which would tend to facilitate the 
passage of common bile duct gallstones.174  
 
4. Conclusion 

Peppermint has noteworthy pharmacological effects and therapeutic uses, but side effects 

and drug interactions have been reported in the literature. In this review, we categorized 

the conceivable toxicological effects of peppermint and its main components via data 

bases to identify relevant scientific sources.  

Various meaningful side effects of peppermint include heartburn or perianal irritation, 

bradycardia and muscle tremor, a hypersensitivity reaction, contact dermatitis, and 

abdominal pain.154 Based on its reported LD50 values (≤ 2000 mg/kg in rodents)24, 

peppermint may be categorized as moderately toxic.  

In respect of animal studies, peppermint and its component menthol isomers are devoid of 

any consequential mutagenicity, genotoxicity or embryotoxicity (Table 3). Be that as it 

may, peppermint does display carcinogenic effects such as lung and kidney cancers 

besides hepatocellular carcinoma at higher doses in mice. Furthermore, peppermint 

essential oil has a cytotoxic effect on human lymphocytes and some studies have disclosed 

that the oil is contraindicated in patients with, gall bladder inflammation and liver 

disorders.109  

There is evidence that peppermint oil interacts appreciably with cytochrome P450 

isoenzymes to reduce or prevent their activity in rat and human liver microsomes and this 

has a notable clinical impact on drug metabolism.165 In view of the possibility of the toxic 

side effects and the potential for drug interactions with peppermint highlighted in this 

review, it must be a consideration that this herbal medicine is used with clinical caution. 

 

Conflict of interests 



23 

 

The authors declared no competing interests. 

References: 

1. Newman DJ, Cragg GM, Snader KM. The influence of natural products upon drug 
discovery.  Natural Product Reports 2000; 17: 215-234.  doi: 10.1039/a902202c 

 
2. Sofowora A, Ogunbodede E, Onayade A. The role and place of medicinal plants in the 
strategies for disease Prevention. African Journal of Traditional, Complementary and 
Alternative Medicines 2013; 10: 210-229.  http://dx.doi.org/10.4314/ajtcam.v10i5.2 

 

3. Spiteri Staines S. Herbal medicines: adverse effects and drug-herb interactions. Journal 
of the Malta College of Pharmacy Practice 2011; 17: 38-42. 
http://www.mcppnet.org/publications/issue17-8.pdf 

 

4.  Nasri H, Shirzad H. Toxicity and safety of medicinal plants. Journal of HerbMed 
Pharmacology 2013; 2: 21-22. http://www.herbmedpharmacol.com/PDF/JHP-2-21.pdf  

 

5. Lüde S, Vecchio S, Sinno-Tellier S et al.  Adverse effects of plant food supplements 

and plants consumed as food: results from the poisons centres-based PlantLIBRA study. 
Phytotherapy Research 2016; 30: 988-996.  doi: 10.1002/ptr.5604 

 

6. Peixoto ITA, Furlanetti VF, Anibal PC, Duarte MCT, Höfling JF. Potential 
pharmacological and toxicological basis of the essential oil from Mentha spp. Revista de 
Ciências Farmacêuticas Básica e Aplicada 2009; 30: 235-239. 
https://doaj.org/article/82790079172b4df382b72bc5c1d9fdc6  

 

7.  Rita P, Animesh DK. An updated overview on peppermint (Mentha piperita L.). 
International Research Journal of Pharmacy 2011; 2: 1-10. 
http://www.irjponline.com/admin/php/uploads/vol-2_issue-8/1.pdf 

 

8. Iscan G, Kirimer N, Kürkcüoǧlu M, Demi̇rci̇ F. Antimicrobial screening of Mentha 
piperita essential oils. Agricultural and Food Chemistry 2002; 50: 3943-3946.  doi: 
10.1021/jf011476k 

 

9.  Shah PP, D’Mello PM. A review of medicinal uses and pharmacological effects of 
Mentha piperita. Natural Product Radiance 2004; 3: 214-221. 

http://dx.doi.org/10.4314/ajtcam.v10i5.2
http://www.herbmedpharmacol.com/PDF/JHP-2-21.pdf
https://doi.org/10.1002/ptr.5604
https://doaj.org/article/82790079172b4df382b72bc5c1d9fdc6
http://www.irjponline.com/admin/php/uploads/vol-2_issue-8/1.pdf
https://pubs.acs.org/author/K%C3%BCrkc%C3%BCo%C7%A7lu%2C+Mine
https://pubs.acs.org/author/Demirci%2C+Fatih


24 

 

http://nopr.niscair.res.in/bitstream/123456789/9437/1/NPR%203%284%29%20214-
221.pdf 

 

10.  McKay DL, Blumberg JB. A review of the bioactivity and potential health benefits of 
peppermint tea (Mentha piperita L.). Phytotherapy Research 2006; 20: 619-633. doi: 
10.1002/ptr.1936 

 

11. Herro E, Jacob SE. Mentha piperita (Peppermint). Dermatitis 2010; 21: 327-329.  doi: 
10.2310/6620.2011.10080 

 

12. Samarth RM, Goyal PK, Kumar A. Modulation of serum phosphatases activity in 
Swiss albino mice against gamma irradiation by Mentha piperita Linn. Phytotherapy 
Research 2002; 16: 586-589. https://doi.org/10.1002/ptr.984  

 

13. Venkateshappa SM, Sreenath KP. Potential medicinal plants of Lamiaceae. American 
International Journal of Research in Formal, Applied and Natural Sciences 2013; 3: 82-87. 
https://pdfs.semanticscholar.org/dcfd/4a68cb4cec1c157c70c54e799f615d0df2f1.pdf 

 

14. Omidian J, Sheikhi-Shooshtari F, Fazeli M. Inhibitory Effect of Mentha piperita 
extracts against Herpes Simplex virus isolated from eye infection. Iranian Journal of 
Virology 2014; 8: 35-41. doi: 10.21859/isv.8.1.35 

 

15. Johari NZ, Ismail IS, Sulaiman MR, Abas F, Shaari K. Acute toxicity and 
metabolomics analysis of hypocholesterolemic effect of Mentha piperita aqueous extract 
in Wistar rats. International Journal of Applied Research in Natural Products 2015; 8: 1-
11. https://pdfs.semanticscholar.org/749b/06b14c8b6abf852ba22b518e785ba4fab3e3.pdf 

 
 

16. Neeraj T, Prakash A, Seema Y. Antimicrobial activity and medicinal values of 
essential oil of Mentha piperita L. International Journal of Engineering and Innovative 
Technology 2013; 2: 214-218. 

https://pdfs.semanticscholar.org/2edf/644ca09168e9e9ee043978e0fd89a72cb4e4.pdf 

 

http://nopr.niscair.res.in/bitstream/123456789/9437/1/NPR%203%284%29%20214-221.pdf
http://nopr.niscair.res.in/bitstream/123456789/9437/1/NPR%203%284%29%20214-221.pdf
https://doi.org/10.1002/ptr.1936
https://doi.org/10.1002/ptr.984
https://pdfs.semanticscholar.org/dcfd/4a68cb4cec1c157c70c54e799f615d0df2f1.pdf
https://pdfs.semanticscholar.org/749b/06b14c8b6abf852ba22b518e785ba4fab3e3.pdf


25 

 

17. Samojlik I, Petković S, Mimica-Dukić N, Božin B. Acute and chronic pretreatment 
with essential oil of peppermint (Mentha × piperita L., Lamiaceae) influences drug 
effects. Phytotherapy Research 2012; 26: 820-825.  doi: 10.1002/ptr.3638 

 

18. NMCD “Natural Medicines Comprehensive Database” 
http://naturaldatabase.therapeuticresearch.com/nd/PrintVersion.aspx?id=705&AspxAutoD
etectCookieSupport=1;     2018 accessed June 2018. 

19.  Khojasteh-Bakht SC, Chen W, Koenigs LL, Peter RM, Nelson SD. Metabolism of 
(R)-(+)-pulegone and (R)-(+)-menthofuran by human liver cytochrome P-450s: evidence 
for formation of a furan epoxide. Drug Metabolism Disposition 1999; 27: 574-580.   
http://www.dmd.org 
 

20.  Nair B. Final report on the safety assessment of Mentha piperita (peppermint) oil, 
Mentha piperita (peppermint) leaf extract, Mentha piperita (peppermint) leaf, and Mentha 

piperita (peppermint) leaf water. International Journal of Toxicology 2001; 20: 61-73. 
https://doi.org/10.1080/10915810152902592  

 

21. SCF (Scientific Committee on Food). Opinion of the Scientific Committee on Food on 

pulegone and menthofuran. SCF/CS/FLAV/FLAVOUR/3 ADD2 Final 25 July 2002.   

http://ec.europa.eu/food/fs/sc/scf/out133_en.pdf; accessed June 2018 

 

22. Coteau RB, Davis EM, Ringer KL, Wildung MR. (−)-Menthol biosynthesis and 
molecular genetics. Naturwissenschaften 2005; 92: 562–577. doi: 10.1007/s00114-005-
0055-0 

 

23.  Mimica-Dukic N, Bozin B. Mentha L. species (Lamiaceae) as promising sources of 
bioactive secondary metabolites. Current Pharmaceutical Design 2008; 14: 3141-3150.  
doi: 10.2174/138161208786404245  

 

24. Debbab A, Mosaddak B, Aly AH, Hakiki1 A, Mosaddak M. Chemical characterization 
and toxicological evaluation of the essential oil of Mentha piperita L. growing in 
Morocco. Scientific Study and Research 2007; 8: 282-288. Publ: University of Bacau 
ISSN 1582-540X  

 

25. Jose A, Kumar SS, Mukkadan JK. A study on anti-diabetic effect of peppermint in 
alloxan induced diabetic model of Wistar rats. Journal of Clinical and Biomedical 
Sciences 2013; 3: 177-181. http://www.jcbsonline.ac.in/Articles/3originalarticle0304.pdf 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bo%C5%BEin%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22076909
https://doi.org/10.1002/ptr.3638
http://naturaldatabase.therapeuticresearch.com/nd/PrintVersion.aspx?id=705&AspxAutoDetectCookieSupport=1
http://naturaldatabase.therapeuticresearch.com/nd/PrintVersion.aspx?id=705&AspxAutoDetectCookieSupport=1
https://www.ncbi.nlm.nih.gov/pubmed/10220485
https://www.ncbi.nlm.nih.gov/pubmed/10220485
https://www.ncbi.nlm.nih.gov/pubmed/10220485
http://www.dmd.org/
https://doi.org/10.1080/10915810152902592
http://ec.europa.eu/food/fs/sc/scf/out133_en.pdf
https://doi.org/10.2174/138161208786404245
http://www.jcbsonline.ac.in/Articles/3originalarticle0304.pdf


26 

 

 

26. Kumar A, Samarth RM, Yasmeen S et al. Anticancer and radioprotective potentials of 
Mentha piperita. Biofactors 2004; 22: 87-91. https://doi.org/10.1002/biof.5520220117 

 

27. Schelz Z, Molnar J, Hohmann J. Antimicrobial and antiplasmid activities of essential 

oils.  Fitoterapia 2006; 77: 279-285. https://doi.org/10.1016/j.fitote.2006.03.013 

 

28. Yi W, Wetzstein HY. Anti-tumorigenic activity of five culinary and medicinal herbs 
grown under greenhouse conditions and their combination effects. Journal of the Science 
of Food and Agriculture 2011; 91: 1849-1854. https://doi.org/10.1002/jsfa.4394 

 

29. Jain D, Pathak N, Khan S et al. Evaluation of cytotoxicity and anticarcinogenic 
potential of Mentha leaf extracts. International Journal of Toxicology 2011; 30: 225-236.    

doi:10.1177/1091581810390527 

 

30.  de Cássia da Silveira e Sá R, Andrade LN, de Sousa DP. Rita de Cássia da Silveira e, 
Luciana Nalone A, Damião Pergentino de. A review on anti-Inflammatory activity of 
monoterpenes. Molecules 2013; 18: 1227-1254.    doi:10.3390/molecules18011227 

        

31. Afridi MS, Ali J, Abbas S et al. Essential oil composition of mentha piperita l. and its 
antimicrobial effects against common human pathogenic bacterial and fungal strains. 
Pharmacology online 2016; 3: 90-97. 
http://pharmacologyonline.silae.it/files/archives/2016/vol3/PhOL_2016_3_A014_23_Shah
id.pdf 

 

32. Masomeh L, Narges M, Hassan R, Hadi A. Peppermint and its functonality: A review. 
Archives of Clinical Microbiology 2017; 8: 1-16. doi:10.4172/1989-8436.100054 
 

33. Madyastha KM, Srivatsan V. Studies on the metabolism of l-menthol in rats. Drug 

metabolism and disposition 1988; 16: 765-772. 

http://dmd.aspetjournals.org/content/16/5/765.long 

 

34. Yamaguchi T, Caldwell J, Farmer P.B. Metabolic fate of [3H]-l-menthol in the rat. 
Drug Metabolism and Disposition 1994; 22: 616-624. 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.844.4038&rep=rep1&type=pdf 

https://doi.org/10.1002/biof.5520220117
https://doi.org/10.1016/j.fitote.2006.03.013
https://doi.org/10.1002/jsfa.4394
https://doi.org/10.1177/1091581810390527
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20C%C3%A1ssia%20da%20Silveira%20e%20S%C3%A1%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23334570
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20LN%5BAuthor%5D&cauthor=true&cauthor_uid=23334570
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Sousa%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=23334570
https://doi.org/10.3390/molecules18011227
http://pharmacologyonline.silae.it/files/archives/2016/vol3/PhOL_2016_3_A014_23_Shahid.pdf
http://pharmacologyonline.silae.it/files/archives/2016/vol3/PhOL_2016_3_A014_23_Shahid.pdf
http://dmd.aspetjournals.org/content/16/5/765.long
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.844.4038&rep=rep1&type=pdf


27 

 

 

35. Atzl G, Bertel M, Daxenbichler G, Gleispach H. Determination of etheral oils from the 
urine by gas-liquid chromatography. Chromatographia 1972; 5: 250-255. 
https://doi.org/10.1007/BF02268655 

 

36. Clegg RJ, Middleton B, Bell GD, White DA. The mechanism of cyclic monoterpene 
inhibition of hepatic 3-hydroxy-3-methylglutaryl coenzyme A reductase in vivo in the rat. 
The Journal of Biological Chemistry 1982; 257: 2294-2299. 
http://www.jbc.org/content/257/5/2294.long 

37. Grigoleit HG, Grigoleit P. Pharmacology and preclinical pharmacokinetics of 
peppermint oil. Phytomedicine 2005; 12: 612-618. doi: 10.1016/j.phymed.2004.10.007 

 

38. Somerville KW, Richmond CR, Bell GD. Delayed release peppermint oil capsules 
(Colpermin) for the spastic colon syndrome: a pharmacokinetic study. British Journal of 
Clinical Pharmacology 1984; 18: 638- 640. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1463599/pdf/brjclinpharm00155-
0162.pdf 

 

39. White DA, Thompson SP, Wilson CG, Bell GD. A pharmacokinetic comparison of 
two delayed-release peppermint oil preparations, Colpermin and Mintec, for treatment of 
the irritable bowel syndrome. International Journal of Pharmaceutics 1987; 40: 151-155. 
https://doi.org/10.1016/0378-5173(87)90060-3 
 

40. Kaffenberger RM, Doyle MJ. Determination of menthol and menthol glucuronide in 
human urine by gas chromatography using an enzyme-sensitive internal standard and 
flame ionization detection. Journal of Chromatography 1990; 527: 59-66. 
https://doi.org/10.1016/S0378-4347(00)82083-6 

 

41. Maliakal PP, Wanwimolruk S. Effect of herbal teas on hepatic drug metabolizing 

enzymes in rats. Journal of Pharmacy and Pharmacology 2001; 53: 1323-1329. 
https://doi.org/10.1211/0022357011777819 

 

42. Jancova P, Anzenbacher P, Anzenbacherova E. Phase II drug metabolizing enzymes. 
Biomedical Papers of the Medical Faculty of the University Palacky, Olomouc, Czech 
Republic 2010; 154: 103-116. http://mefanet.upol.cz/BP/2010/2/103.pdf  

 

https://doi.org/10.1007/BF02268655
http://www.jbc.org/content/257/5/2294.long
https://doi.org/10.1016/j.phymed.2004.10.007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1463599/pdf/brjclinpharm00155-0162.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1463599/pdf/brjclinpharm00155-0162.pdf
https://www.sciencedirect.com/science/article/pii/0378517387900603#!
https://doi.org/10.1016/0378-5173(87)90060-3
https://doi.org/10.1016/S0378-4347(00)82083-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maliakal%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=11697539
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wanwimolruk%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11697539
https://doi.org/10.1211/0022357011777819
http://mefanet.upol.cz/BP/2010/2/103.pdf


28 

 

43. Khodadust MR, Samadi F, Ganji F, Jafari Ahangari Y, Asadi GH. Effects of 
peppermint (Mentha piperita L.) alcoholic extract on carbon tetrachloride-induced 
hepatotoxicity in broiler chickens under heat Stress condition. Poultry Science Journal 

2015; 3: 1-16. http://psj.gau.ac.ir/pdf_2323_6d8da0ef7d3956d53732a52180e2bb79.html 

 

44. Rodriguez-Fragoso L, Reyes-Esparza J, Burchiel S, Herrera-Ruiz D, Torres E. Risks 
and benefits of commonly used herbal medicines in Mexico. Toxicology and Applied 
Pharmacology 2008; 227: 125-135.  doi: 10.1016/j.taap.2007.10.005 

 

45. Gavahian M, Farahnaky A.  Ohmic-assisted hydrodistillation technology: A review. 
Trends in Food Science and Technology 2018; 72: 153-161. 
https://doi.org/10.1016/j.tifs.2017.12.014 

 

46. Rispin A, Farrar D, Margosches E et al. Alternative methods for the median lethal 

Dose (LD50) test: the up-and-down procedure for acute oral toxicity. Institute of 

Laboratory Animal Resources Journal 2002; 43: 233-243.  

 

47. Eaton DL, Gilbert SG. Principles of Toxicology. In Casarett and Doull's Toxicology 
the basic science of poisons, D.Kilassen C (ed), 7th ed. McGraw Hill Education: New 
York; 2013: 11-43. 

 

48. Badie Bostan HB, Mehri S, Hosseinzadeh H. Toxicology effects of saffron and its 
constituents: a review. Iranian Journal of Basic Medical Sciences 2017; 20: 110-121. doi: 
10.22038/IJBMS.2017.8230 

 

49. Rad SZK, Rameshrad M, Hosseinzadeh H. Toxicology effects of Berberis vulgaris 
(barberry) and its active constituent, berberine: a review. Iranian Journal of Basic Medical 
Sciences 2017; 20: 516-529. doi: 10.22038/IJBMS.2017.8676 

 

50. Nazari S, Rameshrad M, Hosseinzadeh H. Toxicological effects of Gycyrrhiza glabra 
(Licorice): A review. Phytotherapy Research 2017; 31: 1635-1650. doi: 10.1002/ptr.5893 

 

51. Eickholt TH, Box RH. Toxicities of peppermint and pycnanthemun albescens oils, 
fam. Labiateae. Journal of Pharmaceutical Sciences 1965; 54: 1071-1072. 
https://doi.org/10.1002/jps.2600540732 
 

http://psj.gau.ac.ir/pdf_2323_6d8da0ef7d3956d53732a52180e2bb79.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herrera-Ruiz%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18037151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torres%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18037151
https://doi.org/10.1016/j.taap.2007.10.005
https://www.sciencedirect.com/science/article/pii/S0924224417306118#!
https://www.sciencedirect.com/science/article/pii/S0924224417306118#!
https://doi.org/10.1016/j.tifs.2017.12.014
http://dx.doi.org/10.22038/ijbms.2017.8230
https://doi.org/10.22038/IJBMS.2017.8676
https://doi.org/10.1002/ptr.5893
https://doi.org/10.1002/jps.2600540732


29 

 

52. Ohsumi T, Kuroki K, Kimura T, Murakami K. A study on acute toxicities of essential 
oils used in endodontic treatment. Journal of the Kyushu Dental Societym1984; 38: 1064-
1071 

 

53. OECD SIDS, menthols. 
https://hpvchemicals.oecd.org/ui/handler.axd?id=B7AB64AA-B4AD-4FA9-B701-
2A60A9B0530B;   2003 accessed June 2018. 

 

54. Willis DN, Liu B, Ha MA, Jordt SE, Morris JB. Menthol attenuates respiratory 
irritation responses to multiple cigarette smoke irritants. Federation of American Societies 
for Experimental Biology 2011; 25: 4434-4444. doi: 10.1096/fj.11-188383 

 

55. Haarmann and Reimer GmbH. Buehler sensitization test in guinea pigs. IRI-Inveresk 
Research International Limited - Report to European Chemical Agency 1991; 6870: 1-20. 

56. Samarasekera R,  Weerasinghe IS, Hemalal KP. Insecticidal activity of menthol 
derivatives against mosquitoes. Pest Managment Science 2008; 64: 290-295.  
https://doi.org/10.1002/ps.1516 

 

57. Rice PJ, Coats JR. Insecticidal properties of several monoterpenoids to the house fly 
(Diptera: Muscidae), red flour beetle (Coleoptera: Tenebrionidae), and southern corn 
rootworm (Coleoptera: Chrysomelidae).  Journal of Economic Entomology 1994; 87: 
1172-1179. doi:10.1093/jee/87.5.1172 

 

58. Gilissen L, Huygens S, Goossens A. Allergic contact dermatitis caused by topical 
herbal remedies: importance of patch testing with the patients' own products. Contact 
dermatitis 2018; 78: 177-184.  https://doi.org/10.1111/cod.12939 

 

59. Baer RL, Serri F, Weissenbachvial C. Studies on allergic sensitization to certain 
topical therapeutic agents. A.M.A. Archives of Dermatology 1995; 71: 19-23. 
doi:10.1001/archderm.1955.01540250021005 

 

60. Blondeel A, Oleffe J, Achten G. Contact allergy in 330 dermatological patients. 
Contact Dermatitis 1978; 4: 270-276.  https://doi.org/10.1111/j.1600-0536.1978.tb04557.x 

 

https://hpvchemicals.oecd.org/ui/handler.axd?id=B7AB64AA-B4AD-4FA9-B701-2A60A9B0530B
https://hpvchemicals.oecd.org/ui/handler.axd?id=B7AB64AA-B4AD-4FA9-B701-2A60A9B0530B
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jordt%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=21903934
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morris%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=21903934
https://doi.org/10.1096/fj.11-188383
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Samarasekera%2C+Radhika
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Weerasinghe%2C+Indira+S
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hemalal%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=18095385
file:///E:/Robert%20Sewell/AppData/AppData/AppData/Roaming/Microsoft/Word/Pest%20Managment%20Science
https://doi.org/10.1002/ps.1516
https://www.ncbi.nlm.nih.gov/pubmed/7962947
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gilissen%2C+Liesbeth
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Huygens%2C+Sara
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Goossens%2C+An
file:///E:/Mahmoud%20Rafeian-Kopaei%20z/Peppermint%20review/0%20Peppermint%20Rev%20-%20response%20from%20Tox%20Rev%20June%2019/%202018;%2078: 
https://doi.org/10.1111/cod.12939
https://doi.org/10.1111/j.1600-0536.1978.tb04557.x


30 

 

61. Santucci B, Cristaudo A, Cannistraci C, Picardo M. Contact dermatitis to fragrances. 
Contact Dermatitits 1987; 16: 93-95. doi: 10.1111/j.1600-0536.1987.tb01386.x 

 
62. Morton CA, Garioch J, Todd P, Lamey PJ, Forsyth A. Contact sensitivity to menthol 
and peppermint in patients with intra-oral symptoms. Contact Dermatitis 1995; 32: 281-
284. https://doi.org/10.1111/j.1600-0536.1995.tb00781.x 

 

63. Kanerva L, Rantanen T, Aalto-Korte K et al. A multicenter study of patch test 
reactions with dental screening series. American Journal of Contact Dermatitis 2001;  12: 
83-90. https://doi.org/10.1053/ajcd.2001.20913 

 

64. Gunby P. Plant known for centuries still causes problems today. The Journal of the 
American Medical Association 1979; 241: 2246-2247.     
doi:10.1001/jama.1979.03290470006003 

 

65. Coats JR, Karr LL, Drewes CD. Toxicity and neurotoxic effects of monoterpenoids: in 
insects and earthworms. Iowa State Digital Depository. ACS Symposium Series; 
American Chemical Society: Washington, DC, Chap 20. 1991: 305-316. Downloaded by 
IOWA STATE UNIV on March 18, 2016 | http://pubs.acs.org 

 

66. Madsen C, Wurtzen G, Carstensen J. Short-term toxicity study in rats dosed with 

menthone. Toxicology Letters 1986; 32: 147-152.  https://doi.org/10.1016/0378-

4274(86)90061-5 

 

67. Anderson IB, Mullen WH, Meeker JE et al. Pennyroyal toxicity: measurement of toxic 
metabolite levels in two cases and review of the literature. Annals of Internal 
Medicine 1996; 124: 726-734. 
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.729.2687&rep=rep1&type=pdf 

 

68. Bakerink JA, Gospe SM, Dimand RJ, Eldridge NW. Multiple organ failure after 
ingestion of pennyroyal oil from herbal tea in two infants. Pediatrics 1996; 98: 944-947. 
 

69.  Thomassen D, Slattery JT, Nelson SD. Contribution of menthofuran to the 

hepatotoxicity of pulegone: assessment based on matched area under the curve and on 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lamey%2C+P+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Forsyth%2C+A
https://doi.org/10.1111/j.1600-0536.1995.tb00781.x
https://doi.org/10.1053/ajcd.2001.20913
http://pubs.acs.org/
https://doi.org/10.1016/0378-4274(86)90061-5
https://doi.org/10.1016/0378-4274(86)90061-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20IB%5BAuthor%5D&cauthor=true&cauthor_uid=8633832
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mullen%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=8633832
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meeker%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=8633832
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.729.2687&rep=rep1&type=pdf
https://www.researchgate.net/profile/Sidney_Gospe_Jr
https://www.researchgate.net/scientific-contributions/2039912958_RJ_Dimand
https://www.researchgate.net/profile/Marlowe_Eldridge
https://www.researchgate.net/publication/14296574_Multiple_organ_failure_after_ingestion_of_pennyroyal_oil_from_herbal_tea_in_two_infants?ev=auth_pub
https://www.researchgate.net/publication/14296574_Multiple_organ_failure_after_ingestion_of_pennyroyal_oil_from_herbal_tea_in_two_infants?ev=auth_pub
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomassen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=3252034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slattery%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=3252034
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=3252034


31 

 

matched time course.  Journal of Pharmacology and Experimental Therapeutics 1988; 244: 

825-829. 
 

70. Nath SS, Pandey C, Roy D. A near fatal case of high dose peppermint oil ingestion - 

Lessons learnt. Indian Journal of Anaesthesia 2012; 56: 582–584. doi:  10.4103/0019-

5049.104585 

 

71. Small pet select. The dangers of essential oils for rabbits. 
https://smallpetselect.com/rabbits/the-dangers-of-essential-oils-for-rabbits; 2018 accessed 
June 2018. 

 

72. Kumar A,  Baitha U,  Aggarwal P,  Jamshed N. A fatal case of menthol poisoning. 
International Journal of Applied and Basic Medical Research 2016; 6: 137–139.  
doi:  10.4103/2229-516X.179015 
 

73. HSDB. “National Library of Medicine Hazardous Substances Data Bank (HSDB).” 
http://toxnet.nlm. nih.gov/newtoxnet/hsdb.htm; 2015 accessed June 2018. 

74. Moorthy B, Madyastha P, Madyastha KM. Hepatotoxicity of pulegone in rats: its 

effects on microsomal enzymes, in vivo. Toxicology 1989; 55: 327-337. 
https://doi.org/10.1016/0300-483X(89)90022-X 

 

75. Tisserand R, Young R. Essential oil safety (2nd Ed) publ. Elsevier Chap 14 
Constituent profiles. 2014: 483–647. https://doi.org/10.1016/B978-0-443-06241-4.00014-
X 

 

76. Wouters MFA, van Apeldoom ME, Speijers GJA. INCHEM International programme 
on chemical safety - WHO Safety evaluation of certain food additives. Series 42. 
http://www.inchem.org/documents/jecfa/jecmono/v042je21.htm; 1999 accessed June 
2018. 

 

77.  Thorup I, Würtzen G, Carstensen J, Olsen P. Short term toxicity study in rats dosed 
with peppermint oil. Toxicology Letters 1983a; 19: 211-215. https://doi.org/10.1016/0378-
4274(83)90121-2 

 

https://www.ncbi.nlm.nih.gov/pubmed/3252034
https://dx.doi.org/10.4103%2F0019-5049.104585
https://dx.doi.org/10.4103%2F0019-5049.104585
https://smallpetselect.com/rabbits/the-dangers-of-essential-oils-for-rabbits
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27127746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baitha%20U%5BAuthor%5D&cauthor=true&cauthor_uid=27127746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aggarwal%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27127746
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jamshed%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27127746
https://dx.doi.org/10.4103%2F2229-516X.179015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moorthy%20B%5BAuthor%5D&cauthor=true&cauthor_uid=2541521
https://www.ncbi.nlm.nih.gov/pubmed/?term=Madyastha%20P%5BAuthor%5D&cauthor=true&cauthor_uid=2541521
https://www.ncbi.nlm.nih.gov/pubmed/?term=Madyastha%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=2541521
https://doi.org/10.1016/0300-483X(89)90022-X
https://www.sciencedirect.com/science/book/9780443062414
https://doi.org/10.1016/B978-0-443-06241-4.00014-X
https://doi.org/10.1016/B978-0-443-06241-4.00014-X
http://www.inchem.org/documents/jecfa/jecmono/v042je21.htm
file:///E:/Robert%20Sewell/AppData/AppData/Downloads/Toxicology%20Letters
https://doi.org/10.1016/0378-4274(83)90121-2
https://doi.org/10.1016/0378-4274(83)90121-2


32 

 

78. Adams TB, Hallagan JB, Putman JM et al. GRAS assessment of alicyclic substances 
used as flavour ingredients. Food and Chemical Toxicology 1996; 34: 763-828.  
https://doi.org/10.1016/S0278-6915(96)00051-8 
 

79. Smith RL, Newberne P, Adams TB, Ford RA, Hallagan JB, the FEMA Expert Panel. 
Recent progress in the consideration of flavoring ingredients under the Food Additives 
Amendment. GRAS flavoring substances17.  Food Technology 1996: 50: 72-78, 80-81. 

 

80. Spindler P, Madsen C. Subchronic toxicity study of peppermint oil in rats. Toxicology 
Letters 1992; 62: 215-220. https://doi.org/10.1016/0378-4274(92)90024-E 

 

81. Rakieten N, Rakieten M, Boykin M. Effects of menthol vapor on the intact animal 
with special reference to the upper respiratory tract. Journal of the American 
Pharmaceutical Association 1954; 43: 390- 392. https://doi.org/10.1002/jps.3030430703 

  

82. Mølck AM, Poulsen M, Tindgard Lauridsen S, Olsen P. Lack of histological cerebellar 
changes in Wistar rats given pulegone for 28 days. Comparison of immersion and 
perfusion tissue fixation. Toxicology Letters 1998; 95: 117-122. 
https://doi.org/10.1016/S0378-4274(98)00029-0 

 

83. Van Miller JP, Weaver EV. Fourteen-day dietary minimum toxicity screen (MTS) in 
albino rats. Cited in Speijers GJA. INCHEM International programme on chemical safety 
- WHO Safety evaluation of certain food additives. Series 46: Pulegone and related 
substances http://www.inchem.org/documents/jecfa/jecmono/v46je10.htm#_46102310; 
accessed June 2018. 

84. Eccles R. Menthol and related cooling compounds. Journal of Pharmacy and 
Pharmacology 1994; 46: 618-630. https://doi.org/10.1111/j.2042-7158.1994.tb03871.x 

85. NTP (National Toxicology Program). Bioassay of Dl menthol for possible 
carcinogenicity. National Cancer Institute Carcinogenesis Technical Report Series 1979; 
98: 1-113. https://ntp.niehs.nih.gov/ntp/htdocs/lt_rpts/tr098.pdf 

 

86. NTP. (National Toxicity Program) (Toxicology and carcinogenesis studies of 
pulegone) (CAS No. 89-82-7) in F344/N rats and B6C3F1 mice (gavage studies). National 
Toxicology Program technical report series 2011; 563:1-201. 
http://ntp.niehs.nih.gov/ntp/htdocs/lt_rpts/tr563.pdf.    accessed June 2018. 

 

https://doi.org/10.1016/S0278-6915(96)00051-8
https://doi.org/10.1016/0378-4274(92)90024-E
https://doi.org/10.1002/jps.3030430703
https://www.ncbi.nlm.nih.gov/pubmed/9635415
https://www.ncbi.nlm.nih.gov/pubmed/9635415
https://www.ncbi.nlm.nih.gov/pubmed/9635415
https://doi.org/10.1016/S0378-4274(98)00029-0
http://www.inchem.org/documents/jecfa/jecmono/v46je10.htm#_46102310
https://doi.org/10.1111/j.2042-7158.1994.tb03871.x
https://ntp.niehs.nih.gov/ntp/htdocs/lt_rpts/tr098.pdf
http://ntp.niehs.nih.gov/ntp/htdocs/lt_rpts/tr563.pdf.%20%20%20%20accessed%20June%202018


33 

 

87. Baibars M, Eng S, Shaheen K, Alraiyes AH, Alraies MC. Menthol toxicity: an unusual 
cause of coma. Case Reports in Medicine. 2012; 2012: 187039. doi: 
10.1155/2012/187039.. 

 

88. Andersen PH, Jensen NJ. Mutagenic investigation of peppermint oil in the 
Salmonella/mammalian-microsome test. Mutation Research 1984; 138: 17-20. 
https://doi.org/10.1016/0165-1218(79)90080-6 

 

89. Ishidate M Jr, Sofuni T, Yoshikawa K et al. Primary mutagenicity screening of food 
additives currently used in Japan. Food and Chemical Toxicology 1984; 22: 623-636. doi: 
10.1016/0278-6915(84)90271-0 

 
90. Nohmi T, Miyata R, Yoshikawa K, Ishidate M. [Mutagenicity tests on organic 

chemical contaminants in city water and related compounds. I. Bacterial mutagenicity 
tests]. Eisei Shikenjo Hokoku 1985; 103: 60-64. 
https://www.ncbi.nlm.nih.gov/pubmed/3830314 

 

91. NTP (National Toxicology Program). Report of the NTP ad hoc panel on chemical 
carcinogenisis [sic] testing and evaluation; US Department of Health and Human Services, 
Public Health Service,1984; 1-280. 

 

92. Yoo YS. Mutagenic and antimutagenic activities of flavoring agents used in 
foodstuffs. Journal of the Osaka City Medical Center 1986; 34: 267-288. 

 

93. Zeiger E, Anderson B, Haworth S, Lawlor T, Mortelmans K. Salmonella mutagenicity 
tests: IV. Results from the testing of 300 chemicals. Environmental and Molecular 
Mutagenesis 1988; 11: 1-18. https://doi.org/10.1002/em.2850110602 

 

94. Carneiro MRG, Felzenszwalb I, Paumgartten FJR. XIII.75a Evaluation of the 
mutagenic potential of monoterpenoid compounds. Mutation Research/Fundamental and 
Molecular Mechanisms of Mutagenesis 1997; 379: 110-111. 
https://doi.org/10.1016/S0027-5107(97)82995-8 

95. Gomes-Carneiro MR, Felzenszwalb I, Paumgartten FJ. Mutagenicity testing (+/-)-
camphor, 1,8-cineole, citral, citronellal, (-)-menthol and terpineol with the 

Salmonella/microsome assay. Mutation Research/Genetic Toxicology and Environmental 
Mutagenesis 1998; 416: 129-136. https://doi.org/10.1016/S1383-5718(98)00077-1 

 

https://www.ncbi.nlm.nih.gov/pubmed/23251165
https://www.ncbi.nlm.nih.gov/pubmed/23251165
https://doi.org/10.1016/0165-1218(79)90080-6
https://www.ncbi.nlm.nih.gov/pubmed/3830314
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawlor%20T%5BAuthor%5D&cauthor=true&cauthor_uid=3277844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mortelmans%20K%5BAuthor%5D&cauthor=true&cauthor_uid=3277844
https://doi.org/10.1002/em.2850110602
https://doi.org/10.1016/S0027-5107(97)82995-8
https://doi.org/10.1016/S1383-5718(98)00077-1


34 

 

96. Lazutka JR, Mierauskiene J, Slapsyte G, Dedonyte V.  Genotoxicity of dill (Anethum 

graveolens L.), peppermint (Mentha × piperita L.) and pine (Pinus sylvestris L.)  essential 
oils in human lymphocytes and Drosophila melanogaster. Food and Chemical Toxicology 

2001; 39: 485-492. https://doi.org/10.1016/S0278-6915(00)00157-5 

 

97. Myhr B, Caspary WJ. Chemical mutagenesis at the thymidine kinase locus in L5178Y 
mouse lymphoma cells: results for 31 coded compounds in the national toxicology 
program. Environmental and Molecular Mutagenesis 1991; 18: 51-83. 
https://onlinelibrary.wiley.com/doi/pdf/10.1002/em.2850180109 

 

98. Kirkland D. Chromosome aberration testing in genetic toxicology-past, present and 
future. Mutation Research 1998; 404: 173-185. https://doi.org/10.1016/S0027-
5107(98)00111-0 

 

99. Karpouhtsis L, Pardali E, Feggou E, Kokkini S, Scouras ZG, Mavragani-Tsipidou P. 
Insecticidal and genotoxic activities of oregano essential oils. Journal of Agricultural and 
Food Chemistry 1998; 46: 1111–1115. doi: 10.1021/jf970822o 

 

100. Ivett JL, Brown BM, Rodgers C, Anderson BE, Resnick MA, Zeiger E. 
Chromosomal aberrations and sister chromatid exchange tests in Chinese hamster ovary 
cells in vitro. IV. Results with 15 chemicals. Environmental and Molecular Mutagenesis 
1989; 14: 165-187. https://doi.org/10.1002/em.2850140306 

 

101. Tennant RW, Margolin BH, Shelby MD et al. Prediction of chemical carcinogenicity 
in rodents from in vitro genetic toxicity assays. Science 1987; 236: 933-941. doi: 
10.1126/science.3554512 

 
102. Murthy PBK. Lack of Genotoxicity of Menthol in Chromosome Aberration and 
Sister Chromatid Exchange Assays Using Human Lymphocytes in Vitro. Toxicology in 
vitro 1991; 5: 337-340 
 

103. Sofuni T, Hayashi M, Matsuoka A, Sawada M, Hatanaka M, Ishidate M Jr.  
[Mutagenicity tests on organic chemical contaminants in city water and related 
compounds. II. Chromosome aberration tests in cultured mammalian cells]. Eisei Shikenjo 
Hokoku 1985; 103: 64-75. 
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/201741 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dedonyte%20V%5BAuthor%5D&cauthor=true&cauthor_uid=11313115
https://doi.org/10.1016/S0278-6915(00)00157-5
https://doi.org/10.1016/S0027-5107(98)00111-0
https://doi.org/10.1016/S0027-5107(98)00111-0
https://pubs.acs.org/author/Kokkini%2C+Stella
https://pubs.acs.org/author/Kokkini%2C+Stella
https://pubs.acs.org/author/Scouras%2C+Zacharias+G
https://pubs.acs.org/author/Mavragani-Tsipidou%2C+Penelope
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anderson%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=2792092
https://www.ncbi.nlm.nih.gov/pubmed/?term=Resnick%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=2792092
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeiger%20E%5BAuthor%5D&cauthor=true&cauthor_uid=2792092
https://doi.org/10.1002/em.2850140306
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sawada%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3830315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hatanaka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3830315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishidate%20M%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=3830315
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/201741


35 

 

104. Kiffe M, Christen P, Arni P. Characterization of cytotoxic and genotoxic effects of 
different compounds in CHO K5 cells with the comet assay (single-cell gel electrophoresis 
assay). Mutation Research 2003; 537: 151-168. https://doi.org/10.1016/S1383-

5718(03)00079-2 

 

105. Oda Y, Hamono Y, Inoue K, Yamamoto H, Niihara T, Kunita N. Mutagenicity of 
food flavors in bacteria. Shokuhin Eisei Hen 1979; 9: 177–181. 

 

106. Yasunaga K, Kiyonari A, Oikawa T, Abe N, Yoshikawa K. Evaluation of the 
Salmonella umu test with 83 NTP chemicals. Environmental and Molecular Mutagenesis 
2004; 44: 329-345.  doi: 10.1002/em.20053 

 

107. Storer RD, McKelvey TW, Kraynak AR et al. Revalidation of the in vitro alkaline 

elution/rat hepatocyte assay for DNA damage: improved criteria for assessment of 
cytotoxicity and genotoxicity and results for 81 compounds. Mutation Research/ Genetic 
Toxicology 1996; 368: 59-101. https://doi.org/10.1016/0165-1218(95)00070-4. 

 

108. Hilliard CA, Armstrong MJ, Bradt CI, Hill RB, Greenwood SK, Galloway SM. 
Chromosome aberrations in vitro related to cytotoxicity of nonmutagenic chemicals and 
metabolic poisons. Environmental and Molecular Mutagenesis 1998; 31: 316-326. 
https://doi.org/10.1002/(SICI)1098-2280(1998)31:4<316::AID-EM3>3.0.CO;2-G 

 

109. Alankar S. A review on peppermint oil. Asian Journal of Pharmaceutical and Clinical 
Research 2009; 2: 27-33. 
https://www.researchgate.net/publication/237842903_A_REVIEW_ON_PEPPERMINT_
OIL 

 

110. Shelby MD, Erexson GL, Hook GJ, Tice RR. Evaluation of a three-exposure mouse 

bone marrow micronucleus protocol: results with 49 Chemicals. Environmental and 
Molecular Mutagenesis 1993; 21: 160–179. https://doi.org/10.1002/em.2850210210 

 

111. Uno Y, Takasawa H, Miyagawa M, Inoue Y, Murata T, Yoshikawa K. An in vivo-in 

vitro replicative DNA synthesis (RDS) test using rat hepatocytes as an early prediction 
assay for nongenotoxic hepatocarcinogens screening of 22 known positives and 25 
noncarcinogens. Mutation Research 1994; 320: 189–205. https://doi.org/10.1016/0165-

1218(94)90046-9 

 

https://doi.org/10.1016/S1383-5718(03)00079-2
https://doi.org/10.1016/S1383-5718(03)00079-2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abe%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15476194
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshikawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15476194
https://doi.org/10.1002/em.20053
https://doi.org/10.1016/0165-1218(95)00070-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hill%20RB%5BAuthor%5D&cauthor=true&cauthor_uid=9654240
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greenwood%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=9654240
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galloway%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=9654240
https://doi.org/10.1002/(SICI)1098-2280(1998)31:4%3C316::AID-EM3%3E3.0.CO;2-G
https://www.researchgate.net/publication/237842903_A_REVIEW_ON_PEPPERMINT_OIL
https://www.researchgate.net/publication/237842903_A_REVIEW_ON_PEPPERMINT_OIL
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tice%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=8444144
https://doi.org/10.1002/em.2850210210
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inoue%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=7508085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murata%20T%5BAuthor%5D&cauthor=true&cauthor_uid=7508085
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshikawa%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7508085
https://doi.org/10.1016/0165-1218(94)90046-9
https://doi.org/10.1016/0165-1218(94)90046-9


36 

 

112. Miyagawa M, Takasawa H, Sugiyama A et al. The in vivo-in vitro replicative DNA 
synthesis (RDS) test with hepatocytes prepared from male B6C3F1 mice as an early 
prediction assay for putative nongenotoxic (Ames-negative) mouse hepatocarcinogens. 

Mutation Research 1995; 343: 157–183. https://doi.org/10.1016/0165-1218(95)90082-9 

 

113. Sasaki YF, Sekihashi K, Izumiyama F et al. The comet assay with multiple mouse 
organs: comparison of comet assay results and carcinogenicity with 208 chemicals 
selected from the IARC monographs and U.S. NTP Carcinogenicity Database. Critical 
Reviews in Toxicology 2000; 30: 629-799. doi: 10.1080/10408440008951123 

 

114. Samarth RM, Kumar A. Mentha piperita (Linn.) leaf extract provides protection 
against radiation induced chromosomal damage in bone marrow of mice. Indian journal of 
experimental biology 2003; 41: 229-237. 
http://nopr.niscair.res.in/bitstream/123456789/17058/1/IJEB%2041(3)%20229-237.pdf 

 

115. Samarth RM, Panwar M, Kumar A. Modulatory effects of Mentha piperita on lung 
tumor incidence, genotoxicity, and oxidative stress in benzo[a]pyrene-treated Swiss albino 
mice. Environmental and Molecular Mutagenesis 2006; 47: 192-198.             doi: 
10.1002/em.20185 

 

116. Roe FJ, Palmer AK, Worden AN, Van Abbé NJ. Safety evaluation of toothpaste 
containing chloroform. I. Long-term studies in mice. Journal of Environmental Pathology 
and Toxicology 1979; 2: 799-819. 
https://hwbdocuments.env.nm.gov/Los%20Alamos%20National%20Labs/References/925
6.PDF 

 

117. Hussain AI, Anwar F, Nigam PS, Ashraf M, Gilani AH. Seasonal variation in 
content, chemical composition and antimicrobial and cytotoxic activities of essential oils 
from four Mentha species. Journal of Science of Food and Agriculture 2010; 90: 1827-
1836. doi: 10.1002/jsfa.4021 

 

118. Sun Z, Wang H, Wang J, Zhou L, Yang P. Chemical composition and anti-
Inflammatory, cytotoxic and antioxidant activities of essential oil from leaves of Mentha 

piperita grown in China. Plos One 2014; 9: e114767. 
https://doi.org/10.1371/journal.pone.0114767 

 

https://doi.org/10.1016/0165-1218(95)90082-9
https://doi.org/10.1080/10408440008951123
http://nopr.niscair.res.in/bitstream/123456789/17058/1/IJEB%2041(3)%20229-237.pdf
https://doi.org/10.1002/em.20185
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Abb%C3%A9%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=422936
https://hwbdocuments.env.nm.gov/Los%20Alamos%20National%20Labs/References/9256.PDF
https://hwbdocuments.env.nm.gov/Los%20Alamos%20National%20Labs/References/9256.PDF
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashraf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20602517
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilani%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=20602517
https://doi.org/10.1002/jsfa.4021
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25493616
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25493616
https://doi.org/10.1371/journal.pone.0114767


37 

 

119. Liu X, Sun ZL, Jia AR, Shi YP, Li RH, Yang PM.  Extraction, preliminary 
characterization and evaluation of in vitro antitumor and antioxidant activities of 
polysaccharides from Mentha piperita. International Journal of Molecular Sciences 2014; 

15: 16302-16319. doi: 10.3390/ijms150916302. 

 

120.  Da Rocha MS, Dodmane PR, Arnold LL et al. Mode of action of pulegone on the 
urinary bladder of F344 rats. Toxicological Sciences, 2012; 128: 1-8. 
https://doi.org/10.1093/toxsci/kfs135 

 

121. Golalipour MJ, Ghafari S, Maleki AR,  Kiani M, Asadi E, Farsi M. Study of 
embryotoxicity of Mentha piperita L. during organogenesis in Balb/c mice. International 

Journal of Morphology 2011; 29: 862-867.  doi:10.4067/S0717-95022011000300033 

 

122. NTP (National Toxicology Program). Cellular and Genetic Toxicology Branch, 
Salmonella Testing Results No. A36119. Cited in The EFSA Journal 2005; 298: 1-32. 
Pulegone and Menthofuran in flavourings and other food ingredients with flavouring 
properties. https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2008.298 

 

123. Andersen PH, Jensen NJ. Mutagenic investigation of peppermint oil in the 

Salmonella/mammalian-microsome test. Mutation Research/Genetic Toxicology 1984; 
138: 17-20. https://doi.org/10.1016/0165-1218(84)90080-6  

 

124. Stoner GD, Shimkin MB, Kniazeff AJ, Weisburger JH, Weisburger EK, Gori GB. 

Test for carcinogenicity of food additives and chemotherapeutic agents by the pulmonary 

tumor response in strain A mice. Cancer Research 1973; 33: 3069-3085. 

 

 
125. EMA. Public statement on the use of herbal medicinal products1 containing pulegone 
and menthofuran. EMA/HMPC/138386/2005 Rev.1 Committee on Herb Med Products 
(HMPC) 2016 
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2016/07/W
C500211079.pdf  accessed June 2018. 

 

126. Burrow A, Eccles R, Jones AS. The effects of camphor, eucalyptus and menthol 
vapor on nasal resistance to airflow and nasal sensation. Acta Otolaryngologica 1983; 96: 
157-161. https://doi.org/10.3109/00016488309132886 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Shi%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=25226538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=25226538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=25226538
https://doi.org/10.1093/toxsci/kfs135
https://efsa.onlinelibrary.wiley.com/doi/pdf/10.2903/j.efsa.2008.298
https://doi.org/10.1016/0165-1218(84)90080-6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stoner%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=4202501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shimkin%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=4202501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kniazeff%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=4202501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weisburger%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=4202501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weisburger%20EK%5BAuthor%5D&cauthor=true&cauthor_uid=4202501
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gori%20GB%5BAuthor%5D&cauthor=true&cauthor_uid=4202501
https://www.ncbi.nlm.nih.gov/pubmed/4202501
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2016/07/WC500211079.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2016/07/WC500211079.pdf
https://doi.org/10.3109/00016488309132886


38 

 

127. Dost FH, Leiber B.. Menthol and menthol-containing external remedies: use, mode of 
effect and tolerance in children. International symposium 1967; Paris April 1966. 
Proceedings, Comptes Rendus Verhandlunagen. Thieme. 

  

128. O´Mullane NM, Joyce P, Kamath SV. Adverse CNS effects of menthol- containing 
olbas oil. The Lancet, 1982; 319: 1121. https://doi.org/10.1016/S0140-6736(82)92297-8 

 

129. Melis K, Janssens G, Bochner A. Accidental nasal eucalyptol and menthol 
instillation. Acta Clinica Belgica Supplementum 1989; 13: 101-102. 
https://www.ncbi.nlm.nih.gov/pubmed/2239060 

 

130. Blake KD, Fertleman CR, Meates MA. Dangers of common cold treatments in 
children. The Lancet, 1993; 34: 640-640. doi: https://doi.org/10.1016/0140-
6736(93)90410-I 

 

131. Wyllie JP, Alexander FW. Nasal instillation of 'Olbas Oil' in an infant. Archives of 
Disease in Childhood, 1994; 70: 357-358. http://dx.doi.org/10.1136/adc.70.4.357-b    

 

132. Rudzki E, Grzywa Z. Balsam of Peru as screening agent for essential oils sensitivity. 
Dermatologica 1977; 155: 115-121. doi:10.1159/000250964 

 

133. Akhavan Amjadi M, Mojab F, Kamranpour SB. The effect of peppermint oil on 
symptomatic treatment of pruritus in pregnant women. Iranian Journal of Pharmaceutical 
Research 2012; 11: 1073-1077. 
http://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC3813175&blobtype=pdf 
 

134. Kearns GL, Chumpitazi BP, Abdel-Rahman SM, Garg U, Shulman RJ. Systemic 
exposure to menthol following administration of peppermint oil to paediatric patients. 
British Medical Journal 2015; 5: e008375.  doi: 10.1136/bmjopen-2015-008375 

 

135. Lewis FM, Shah M, Gawkrodger DJ. Contact sensitivity to food additives can cause 
oral and perioral symptoms. Contact Dermatitis 1995; 33: 429-430. 
https://doi.org/10.1111/j.1600-0536.1995.tb02082.x 

 

136. Fleming CJ, Forsyth A. D5 patch test reactions to menthol and peppermint. Contact 
Dermatitis 1998; 38: 337-337. https://doi.org/10.1111/j.1600-0536.1998.tb05770.x 

https://doi.org/10.1016/S0140-6736(82)92297-8
https://www.ncbi.nlm.nih.gov/pubmed/2239060
https://doi.org/10.1016/0140-6736(93)90410-I
https://doi.org/10.1016/0140-6736(93)90410-I
http://dx.doi.org/10.1136/adc.70.4.357-b
http://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC3813175&blobtype=pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garg%20U%5BAuthor%5D&cauthor=true&cauthor_uid=26270949
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shulman%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=26270949
https://doi.org/10.1136/bmjopen-2015-008375
https://doi.org/10.1111/j.1600-0536.1995.tb02082.x
https://doi.org/10.1111/j.1600-0536.1998.tb05770.x


39 

 

137. Foti C, Conserva A, Antelmi A, Lospalluti L, Angelini  G. Contact dermatitis from 
peppermint and menthol in a local action transcutaneous patch. Contact Dermatitis 2003; 
49: 312-313. https://doi.org/10.1111/j.0105-1873.2003.0251i.x 

 

138. Vermaat H, Van Meurs T, Rustemeyer T, Bruynzeel DP, Kirtschig G. Vulval allergic 
contact dermatitis due to peppermint oil in herbal tea. Contact Dermatitis 2008; 58: 364-
369. https://doi.org/10.1111/j.1600-0536.2007.01270.x 

 

139. Kalavala M, Hughes TM, Goodwin RG, Anstey AV, Stone NM. Allergic contact 
dermatitis to peppermint foot spray. Contact Dermatitis 2007; 57: 57-58. 
https://doi.org/10.1111/j.1600-0536.2007.01078.x 

 

140. Tran A, Pratt M, DeKoven J. Acute allergic contact dermatitis of the lips from 
peppermint oil in a lip balm. Dermatitis 2010; 21: 111-115.      doi: 
10.2310/6620.2010.09040 

 
141. Anthony M, Szema AM, Barnett T. Allergic reaction to mint leads to asthma. Allergy 
and rhinology (Providence) 2011; 2: 43-45. doi: 10.2500/ar.2011.2.0008 

 

142. Paiva M, Piedade S, Gaspar A. Toothpaste-induced anaphylaxis caused by mint 
(Mentha) allergy. Allergy 2010; 65: 1201- 1202.  https://doi.org/10.1111/j.1398-
9995.2010.02329.x 

 

143. Bayat R, Borici-Mazi R. A case of anaphylaxis to peppermint.  Allergy, Asthma and 
Clinical Immunology 2014; 10: 1-3. doi:  10.1186/1710-1492-10-6  

 

144. Toxnet. Toxicology Data Network. Menthone. https://toxnet.nlm.nih.gov/cgi-
bin/sis/search2/r?dbs+hsdb:@term+@DOCNO+1268;   2018 accessed June 2018. 

 

145. IARC (International Agency for Research on Cancer) monographs Pulegone. 108: 
141-154. https://monographs.iarc.fr/ENG/Monographs/vol108/mono108-05.pdf; 2016 
accessed June 2018. 

 

146. Speijers GJA. INCHEM International programme on chemical safety - WHO Safety 
evaluation of certain food additives. Series 46: Pulegone and related substances 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lospalluti%2C+Lucia
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Angelini%2C+Gianni
https://doi.org/10.1111/j.0105-1873.2003.0251i.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bruynzeel%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=18503687
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirtschig%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18503687
https://doi.org/10.1111/j.1600-0536.2007.01270.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anstey%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=17577363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stone%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=17577363
https://doi.org/10.1111/j.1600-0536.2007.01078.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szema%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=22852115
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barnett%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22852115
https://doi.org/10.1111/j.1398-9995.2010.02329.x
https://doi.org/10.1111/j.1398-9995.2010.02329.x
https://dx.doi.org/10.1186%2F1710-1492-10-6
https://toxnet.nlm.nih.gov/cgi-bin/sis/search2/r?dbs+hsdb:@term+@DOCNO+1268
https://toxnet.nlm.nih.gov/cgi-bin/sis/search2/r?dbs+hsdb:@term+@DOCNO+1268
https://monographs.iarc.fr/ENG/Monographs/vol108/mono108-05.pdf


40 

 

http://www.inchem.org/documents/jecfa/jecmono/v46je10.htm#_46102310; accessed June 
2018. 

 147. Roé E, Serra-Baldrich E, Dalmau J, Peramiquel L, Pérez M, Granel C, Alomar A. 

Mentha pulegium contact dermatitis. Contact Dermatitis 2005; 53: 355-355. 

https://doi.org/10.1111/j.0105-1873.2005.0592e.x 

 

148. Perez-Calderon R, Gonzalo-Garijo A, Bartolome-Zavala B, LamilIa-Yerga A, 
Moreno-Gaston I. Occupational contact urticaria due to pennyroyal (Mentha pulegium). 
Contact Dermatitis 2007; 57: 285-6.  https://doi.org/10.1111/j.1600-0536.2007.01130.x 

 

149. Thorup I, Würtzen G, Carstensen J, Olsen P. Short term toxicity study in rats dosed 
with pulegone and menthol. Toxicology Letters 1983b; 19: 207-210. 
https://doi.org/10.1016/0378-4274(83)90120-0 

 

150. Kristiansen E,  Madsen C. Induction of protein droplet (alpha 2 mu-globulin) 
nephropathy in male rats after short-term dosage with 1,8-cineole and l-limonene. 
Toxicology letters 1995; 80: 147-152. doi: 10.1016/0378-4274(95)03390-7 

 
151. Hawthorn M, Ferrante J, Luchowski E, Rutledge A, Wei XY,  Triggle DJ. The 
actions of peppermint oil and menthol on calcium channel dependent processes in 
intestinal, neuronal and cardiac preparations. Alimentary Pharmacology and Therapeutics 
1988; 2: 101-118. https://doi.org/10.1111/j.1365-2036.1988.tb00677.x 

 

152. Wilkinson SM, Beck MH. Allergic contact dermatitis from menthol in peppermint. 
Contact dermatitis 1994; 30: 42-43. https://doi.org/10.1111/j.1600-0536.1994.tb00728.x 

 

153. Morton CA, Garioch J, Todd P, Lamey PJ, Forsyth A. Contact sensitivity to menthol 

and peppermint in patients with intra-oral symptoms. Contact Dermatitis 1995; 32: 281-

284. 

 

154. Balakrishnan A. Therapeutic Uses of Peppermint - A Review. Journal of 
Pharmaceutical Sciences and Research 2015; 7: 474-476. 
http://jpsr.pharmainfo.in/Documents/Volumes/vol7Issue07/jpsr07071524.pdf 

 

http://www.inchem.org/documents/jecfa/jecmono/v46je10.htm#_46102310
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ro%C3%A9%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16364129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serra-Baldrich%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16364129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dalmau%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16364129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peramiquel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16364129
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%C3%A9rez%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16364129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Granel%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16364129
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alomar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16364129
https://www.ncbi.nlm.nih.gov/pubmed/16364129
https://doi.org/10.1111/j.0105-1873.2005.0592e.x
https://doi.org/10.1111/j.1600-0536.2007.01130.x
https://www.ncbi.nlm.nih.gov/pubmed/6658833
https://www.ncbi.nlm.nih.gov/pubmed/6658833
https://doi.org/10.1016/0378-4274(83)90120-0
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rutledge%20A%5BAuthor%5D&cauthor=true&cauthor_uid=2856502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20XY%5BAuthor%5D&cauthor=true&cauthor_uid=2856502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Triggle%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=2856502
https://doi.org/10.1111/j.1365-2036.1988.tb00677.x
https://doi.org/10.1111/j.1600-0536.1994.tb00728.x
http://jpsr.pharmainfo.in/Documents/Volumes/vol7Issue07/jpsr07071524.pdf


41 

 

155. Akdogan M, Ozguner M, Kocak A, Oncu M, Cicek E. Effects of peppermint teas on 
plasma testosterone, follicle-stimulating hormone, and luteinizing hormone levels and 
testicular tissue in rats. Urology  2004; 64: 394-398.  doi:10.1016/j.urology.2004.03.046 

 

156. Olowe SA, Ransome-Kuti O. The risk of jaundice in glucose-6-phosphate 
dehydrogenase deficient babies exposed to menthol. Acta Paediatrica Scandinavica 1980; 
69: 341-346. https://doi.org/10.1111/j.1651-2227.1980.tb07090.x 

 

157. Parys BT. Chemical burns resulting from contact with peppermint oil mar: A case 
report. Burns 1983; 9: 374-375. https://doi.org/10.1016/0305-4179(83)90087-6 

 

158. Familusi JB, Dawodu AH. A survey of neonatal jaundice in association with 
household drugs and chemicals in Nigeria. Annals of Tropical Paediatrics 1985; 5: 219-
222. doi: 10.1080/02724936.1985.11748397 

 

159. Nash P, Gould SR, Bernardo DE. Peppermint oil does not relieve the pain of irritable 
bowel syndrome. The British Journal of Clinical Practice 1986; 40: 292-295. 
https://www.ncbi.nlm.nih.gov/pubmed/3527248 

 

160. Lawson MJ, Knight RE, Tran K, Walker G, Roberts-Thomson IC. Failure of enteric-
coated peppermint oil in the irritable bowel syndrome: A randomized, double-blind cross 
over study. Journal of Gastroenrerology and Hepatology 1988; 3: 235-238. 
https://doi.org/10.1111/j.1440-1746.1988.tb00244.x 

 

161. Sainio EL, Kanerva L. Contact allergens in toothpastes and a review of their 
hypersensitivity. Contact Dermatitis 1995; 33: 100-105. https://doi.org/10.1111/j.1600-
0536.1995.tb00509.x 

 

162. Millqvist E, Ternesten-Hasséus E, Bende M. Inhalation of menthol reduces capsaicin 
cough sensitivity and influences inspiratory flows in chronic cough. Respiratory Medicine 
2013; 107: 433-438. doi: 10.1016/j.rmed.2012.11.01 

 

163. dos Santos MA, Santos Galvão CE, Morato Castro F. Menthol-induced asthma: a 
case report. Journal of Investigational Allergology and Clinical Immunology 2001; 11: 56-
58. 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Oncu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15302514
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cicek%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15302514
https://doi.org/10.1016/j.urology.2004.03.046
https://doi.org/10.1111/j.1651-2227.1980.tb07090.x
https://doi.org/10.1016/0305-4179(83)90087-6
https://www.ncbi.nlm.nih.gov/pubmed/3527248
https://doi.org/10.1111/j.1440-1746.1988.tb00244.x
https://doi.org/10.1111/j.1600-0536.1995.tb00509.x
https://doi.org/10.1111/j.1600-0536.1995.tb00509.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ternesten-Hass%C3%A9us%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23266255


42 

 

164. Bush TM, Rayburn KS, Holloway SW et al. Adverse interactions between herbal and 
dietary substances and prescription medications: a clinical survey. Alternative Therapies in 
Health and Medicine 2007; 13: 30-35. 

https://www.researchgate.net/publication/6415630_Adverse_interactions_between_herbal
_and_dietary_substances_and_prescription_medications_A_clinical_survey. 

 

165. Unger M, Frank A. Simultaneous determination of the inhibitory potency of herbal 
extracts on the activity of six major cytochrome P450 enzymes using liquid 
chromatography/mass spectrometry and automated online extraction. Rapid 
Communications in mass Spectrometry, 2004; 18: 2273-2281.  
https://doi.org/10.1002/rcm.1621 

 

166. Wacher VJ, Wong S, Wong HT. Peppermint oil enhances cyclosporine oral 
bioavailability in rats: comparison with D-alpha-tocopheryl poly (ethylene glycol 1000) 
succinate (TPGS) and ketoconazole. Journal of Pharmaceutical Sciences 2002; 91: 77-90.   
https://doi.org/10.1002/jps.10008 

 

167. Binder A, Stengel M, Klebe O, Wasner G, Baron R. Topical high-concentration 
(40%) menthol somatosensory profile of a human surrogate pain model. The journal of 
pain: official journal of the American Pain Society 2011; 12: 764– 773.     
doi:10.1016/j.jpain.2010.12.013 

 

168. Occupational Alliance for Risk Science (OARS) – Workplace Environmental 
Exposure Levels (WEEL). Menthol. https://www.tera.org/OARS/WEEL.html; 2014 
Accessed June 2018. 

 

169. Liu J-H, Chen G-H, Yeh H-Z, Huang C-K, Poon S-K.  Enteric-coated peppermint-oil 
capsules in the treatment of irritable bowel syndrome: a prospective, randomized trial. 
Journal of Gastroenterology 1997; 32: 765–768. https://doi.org/10.1007/BF02936952 

 

170. Jarosz M, Taraszewska A.  Risk factors for gastroesophageal reflux disease: the role 
of diet. Przeglad Gastroenterologiczny.   2014; 9: 297-301. doi: 10.5114/pg.2014.46166. 

 

171. DeVault KR, Castell DO. American College of Gastroenterology. Updated guidelines 
for the diagnosis and treatment of gastroesophageal reflux disease.  
The American Journal of Gastroenterology 2005; 100: 190-200. doi: 10.1111/j.1572-
0241.2005.41217.x 

 

https://www.researchgate.net/publication/6415630_Adverse_interactions_between_herbal_and_dietary_substances_and_prescription_medications_A_clinical_survey
https://www.researchgate.net/publication/6415630_Adverse_interactions_between_herbal_and_dietary_substances_and_prescription_medications_A_clinical_survey
https://doi.org/10.1002/rcm.1621
https://doi.org/10.1002/jps.10008
https://doi.org/10.1016/j.jpain.2010.12.013
https://www.tera.org/OARS/WEEL.html
https://doi.org/10.1007/BF02936952
https://www.ncbi.nlm.nih.gov/pubmed/25396005
https://www.ncbi.nlm.nih.gov/pubmed/25396005
https://www.ncbi.nlm.nih.gov/pubmed/15654800
https://www.ncbi.nlm.nih.gov/pubmed/15654800
https://doi.org/10.1111/j.1572-0241.2005.41217.x
https://doi.org/10.1111/j.1572-0241.2005.41217.x


43 

 

172. Zong L, Qu Y, Luo DX, Zhu ZY, Zhang S, Su Z, Shan JC, Gao XP, Lu LG. 
Preliminary experimental research on the mechanism of liver bile secretion stimulated by 
peppermint oil. Journal of Digestive Diseases. 2011; 12: 295-301. doi: 10.1111/j.1751-

2980.2011.00513.x. 

 

173. Doran J, Keighley MR,  Bell G D. Rowachol - a possible treatment for cholesterol 
gallstones. Gut  1979; 20: 312–317. 

 

174. Somerville KW, Ellis WR, Whitten BH, Balfour TW, Bell GD. Stones in the 
common bile duct: experience with medical dissolution therapy. Postgraduate Medical 
Journal 1985; 61: 313-316. 

  

 

https://www.ncbi.nlm.nih.gov/pubmed/21791024
https://www.ncbi.nlm.nih.gov/pubmed/21791024
https://www.ncbi.nlm.nih.gov/pubmed/?term=Doran%20J%5BAuthor%5D&cauthor=true&cauthor_uid=447112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Keighley%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=447112
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=447112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1412390/?page=2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Somerville%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=4022860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ellis%20WR%5BAuthor%5D&cauthor=true&cauthor_uid=4022860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whitten%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=4022860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balfour%20TW%5BAuthor%5D&cauthor=true&cauthor_uid=4022860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bell%20GD%5BAuthor%5D&cauthor=true&cauthor_uid=4022860

