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This is a paper for discussion.
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Introduction
1.             As part of the current programme of work on the maternal diet, the
Committee considered the use of dietary supplements during pregnancy. A
scoping paper (TOX/2020/51) was presented, reviewing the commonly used
dietary supplements during pregnancy. These were supplements that were not
officially recommended by the relevant authorities, but which were promoted by
anecdotal evidence and unofficial sources as having various purported benefits.
The review was confined to herbal dietary supplements which would be regulated
under food law, and which would not be considered to be traditional herbal
medicines which are the responsibility of the Medicines and Healthcare Products
Regulatory Agency (MHRA). Following this review, the COT agreed ginger required
further investigation, noting that human, animal and in vitro data were available.

2.             In May 2021, the Committee considered the potential effects of ginger
and ginger supplements during pregnancy and lactation. Paper TOX/2021/26
(Available on the COT website) reviewed the available data on toxicity to the
mother, effects on the development of the fetus or embryo, and possible
interactions with drugs as well as data on potential exposure. The minutes
discussing this paper are attached at Annex B to this paper

3.             Overall, it was concluded that there were limited data. The human data
presented were not strongly indicative of any toxicological concern but there
were some indications of possible adverse effects and a lot of uncertainties.
Ginger did not appear to be systemically toxic but did appear to have reprotoxic
effects at high supplemental doses. The Committee suggested looking at the
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animal data in closer detail to determine the point of departure (No Observed
Adverse Effect Level - NOAEL), followed by calculating the potential exposure to
supplements to determine whether there was cause for concern.

4.             Paper TOX/2021/51 provided further information with respect to animal
studies, contaminants and exposure to ginger supplements, primarily centred on
the effect of ginger on prostaglandins, reproductive and developmental toxicity
and the possible contaminants present in ginger.

5.             The members noted that although the different ginger extracts were
not comparable, they did appear to exhibit some biological activity in the early
stages of pregnancy. It was reiterated that there was no indication of general
systemic toxicity from the use of ginger.

6.             The current statement draws on the information provided in the
previous discussion papers to form overall conclusions on the safety of the use of
ginger and in particular ginger supplements in the maternal diet.

Questions for the Committee
 i.               Does the Committee have any comments on the structure and content
of the statement?

ii.               Does the committee have any further comments?
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TOX/2022/42 Annex A

Background
1.              Ginger (Zingiber officinale) is a flowering tropical plant originating in
Southeast Asia and grown in warm climates including China, India, Africa and the
Caribbean. The rhizome (underground stem) of the ginger plant is commonly used
as a spice and flavouring in many countries around the world and is increasingly
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growing in popularity as a natural remedy due to its purported immune system-
boosting properties and also for motion sickness and post-operative nausea and
vomiting.

Uses

2.             Ginger is commonly consumed in fresh root form, dried root powder,
capsule (encapsulated dried powder) form, liquid extract, preserved in syrup or
sugar and as a tea. In pregnancy it is most used in the treatment of pregnancy-
related nausea (NHS). It has also been used as a dietary supplement and a
traditional remedy in many cultures. Ginger is included in the official
pharmacopoeias of several western countries.

Constituents

3.             Over 100 compounds have been identified in ginger extracts, the main
being terpenoids - mainly sesquiterpenoids (α-zingiberene, β-sesquiphellandrene,
β-bisabolene, α-farnesene, ar-curcumene (zingiberol) and smaller amounts of
monoterpenoids (camphene, β-phellandrene, cineole, geraniol, curcumene, citral,
terpineol, borneol) (EMA, 2012).

4.             The ginger rhizome contains two main classes of constituents: the
essential oils responsible for the aroma, and the main pungent principles,
gingerols and shogaols. Organic acids are also present in smaller amounts.
Depending on area of cultivation, gingerols make up 4-7.5% of the pungent
principles, the main one being 6-gingerol. Gingerols of other chain lengths are
also present in smaller amounts.

Reviews by other regulatory agencies

5.             Ginger is included in the official pharmacopoeias of several western
countries. Ginger is classified as ‘Generally Recognised as Safe’ (GRAS) by the
United States Food and Drug Administration (FDA) however, few specific studies
have been carried out to evaluate the safety of ginger use during pregnancy and
lactation.

6.             In 2008, the Danish company Ferrosan A/S withdrew their product
GraviFrisk – a product containing 6 g of dried ground ginger - from market, due to
concerns surrounding the lack of safety data with respect to the use of
supplements containing highly concentrated ginger extracts by pregnant women



(Dietz et al., 2016).

7.             In their 2012 report on ginger root in powdered form, the European
Medicines Agency (EMA) concluded “The ginger extract dosages to provoke acute
toxicity are high and much higher than usually administered dosages (factor 10-
15 for an adult). There is some evidence that ginger root may cause testicular
weight to increase by repeated high dosages of ginger root extract (2000 mg/kg).
Ginger root has mutagenic as well as antimutagenic properties in microbial test
systems. Developmental toxicity studies in rats are difficult to interpret, however,
it is probably not a cause for concern. In general, toxicity studies of ginger are
considered inadequate at least regarding genotoxicity, carcinogenicity and,
partially, reproductive and developmental toxicity.”

8.             The Norwegian Food Safety Authority have issued a warning regarding
the use of ginger supplements and ginger-containing shots during pregnancy.
This was based on a risk assessment carried out by the Danish Technical
University and the Danish Veterinary and Food Administration (DTU, 2018). The
assessment, based on animal studies, including one where rats were treated with
a fresh grated ginger preparation with ginger at concentrations of 20-50 g/L in
water, found that even in the 20 g/L treatment group – the equivalent of 1784
mg/kg bw increased the incidence of abortion in rats. The Norwegian Food Safety
Authority concluded that while a woman of 70 kg would consume less ginger (124
mg to 329 mg) there remains cause for concern and fetal risk cannot be
excluded.

9.             Recently, the Finnish Food Authority has issued a recommendation
against the use of products containing ginger concentrate or extract, ginger tea
and food  supplements containing ginger by pregnant and breastfeeding women,
infants and toddlers, schoolchildren, elderly and individuals with weakened
immunity (Finnish Food Authority, 2019). It was noted that the concentrates
contained harmful substances and safe consumption levels were unknown.

Health based guidance values
10.          There are currently no health-based guidance values (HBGV) with
respect to ginger or its main components. Exposure to ginger was considered
based on information found on supplement and tincture composition and
background diet, but the variability of available supplements meant exposure
also varied, which made comparison difficult.



Toxicology
11.          Paper TOX/2020/51 provided a detailed summary of the supplements
most recommended during pregnancy (ginger, chamomile, raspberry leaf,
echinacea, peppermint oil and leaves, dandelion, and evening primrose oil),
focusing where available, on studies relevant to pregnancy and maternal
outcomes. The main areas of investigation were general toxicity to the mother,
effects on the development of the fetus or embryo, and possible interactions with
medicines.  Members suggested ginger required further investigation, noting that
both human and animal in vitro and in vivo data were available.

12.          Initially, the COT noted that intake of ginger in foodstuffs should also be
considered as ginger was noted to be consumed not only as a supplement but
also as part of the diet in foods such as ginger biscuits, tea and ginger beer.
Therefore,  aggregate exposures would need to be considered when addressing
the safety of ginger supplement use during pregnancy.

13.          It was noted that some studies detailed effects on male testes and,
though not relevant for females, they were nevertheless regarded as indicating a
potential reprotoxic effect from ginger. Studies suggest that ginger affected the
viability of pregnancy; however, with no strong conclusive human data, the COT
concluded that  more work was required, especially as these studies suggested a
link between first trimester loss and ginger use. Further, the possible fetotoxicity
based on evidence from animal data, genotoxicity and possible drug interactions
should be further investigated.

14.          Discussion paper TOX/2021/26 reviewed the available studies on
cytotoxicity, mutagenicity, acute, reproductive and developmental toxicity,
lactation and possible drug interactions as well as data on potential exposure in
pregnancy, covering both animal and human studies. Reports were shown to be
varied due to the variability of forms and extracts tested and as a result, some
findings were contradictory.

15.          Paper TOX/2021/51 provided further information with respect to animal
studies, contaminants and exposure to ginger supplements, primarily centred on
the effect of ginger on prostaglandins, reproductive and developmental toxicity
and the possible contaminants present in ginger. The Committee noted that the
papers reviewed covered ginger in a range of forms including fresh, aqueous,
dried and alcohol extracts.



Cytotoxicity
16.          Ginger was demonstrated to exhibit cytotoxicity in some cases, with
IC50 concentrations ranging from 9.08 µg/ml in human CCA cell line CL-6
(Plengsuriyakarn et al., 2012), to 39.2 μg/ml against breast (MCF7) and colon
(LS174T) cell lines (Zaeoung et al., 2005). However, it was noted that the
inhibitory concentration (IC50) values presented in the studies reviewed were
based on a small amount of data, from only six different cell lines and therefore
firm conclusions could not be drawn.

Toxicity in Animals

17.          The animal studies on reproductive toxicity considered in TOX/2021/26
reported a number of findings, including reduced maternal weight gain, increased
fetus weight, increased serum testosterone level in F1 generation males and an
increase in embryonic loss.

18.          The Committee considered the animal studies to be inconclusive
however they noted that there were indications for a potential point of departure
from available animal studies at around 50-100 mg/kg based on the reproductive
studies considered.

19.          ElMazoudy and Attia (2018) noted reductions in bodyweight and
mortalities in mice dosed up to 2000 mg/kg bw/day and Alnaqeeb et al. (2003),
observed increases in serum aspartate aminotransferase (AST) in female rats
dosed up to 500 mg/kg. However, the Committee noted that the database was
limited and on the basis of the available information, more data would be needed
in order to allow for a robust investigation of the effects described above.
Therefore, at present, the Committee were unable to determine a point of
departure, to reach a conclusion.  

Toxicity in humans

20.          The COT considered a number of epidemiologic studies investigating the
use of ginger during pregnancy (TOX/2021/26). For the most part, few studies
explicitly addressed the safety of ginger consumption during pregnancy, as most
were focused on the use of ginger as a treatment for nausea (Fischer-Rasmussen
et al., 1990; Smith et al., 2004; Ensiyeh et al, 2009), age-related neurological
disorders or pregnancy-induced sickness and therefore focused on efficacy
(Willetts et al., 2003; Stanisiere et al., 2018). However, safety was considered in a
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few studies. The studies considered by the Committee included observational and
randomised clinical studies, lasting from 4 days to 20 weeks in duration
(Vutyavanich et al., 2001; Portnoi et al., 2003). Ginger in various forms were
investigated in doses ranging from 750 mg/day to the equivalent of 7 g/day.

21.          The study results in pregnant women were also varied and the overall
findings inconclusive. Findings reported included abdominal discomfort, vomiting
and diarrhoea. There were reports of an increased incidence of spontaneous
abortion, but also some contradictory studies. There were no reported effects of
defects post-partum following exposure to ginger.

22.          The COT considered the mode of action of the purported benefits of
ginger on nausea. It was theorised that ginger might decrease prostaglandin
levels, which were linked to nausea.

23.          The Committee noted the potential effect of ginger on the prostaglandin
pathway, in particular Cyclooxygenase-1 (COX1) and Cyclooxygenase-2 (COX2)
inhibition and how this may affect early pregnancy. One study examining the
effects of ginger extracts on prostaglandin E2 (PGE2) production in vitro (Lantz et
al 2007) demonstrated that crude organic extracts (dichloromethane-methanol,
1:1 v/v) of ginger were capable of inhibiting PGE2 production and that the
compounds may act at several sites. The most potent effect on lipopolysaccharide
(LPS) induced prostaglandin production was noted at less than 0.1 µg/ml. It was
noted that the half maximal inhibitory concentration (IC50) values for a range of
components were given, and it was demonstrated that the components mainly
acted on COX-2. The COT concluded further studies would be needed to
determine the role of increased prostaglandin levels in the early termination of
pregnancy.

24.          Overall, it was concluded that there were limited data. The human data
presented were not strongly indicative of any toxicological concern but there
were some indications of possible effects and a lot of uncertainties. Ginger did not
appear to be systemically toxic but did appear to have reprotoxic effects at high
supplemental doses.

Lactation

25.          With respect to lactation, the focus of available studies has been on the
effect of ginger on milk production and volume rather than safety and therefore,
the effect of exposure during lactation has not been fully investigated.



Effect on Cytochrome P450 Enzymes and Herb-Drug Interactions

26.          Cytochromes P450 are a family of isoenzymes responsible for the
biotransformation of several drugs. Induction or inhibition of CYP enzymes is a
major determinant of the occurrence of  drug-drug interactions. In vitro studies
indicated ginger extract and the major components thereof may have an
inhibitory effect on CYP isoenzymes CYP3A4, CYP2C9 (Kimura et al., 2010)
CYP2C19 (Kim et al., 2012) and CYP1A2 and CYP2C8 (Mukkavilli et al., 2014).

27.          Several reports have been published on the pharmacological properties
of ginger, with varying results. Human data showed possible interactions with
medicines, including antibiotics, immunosuppressants, and anticoagulant
medications (Okonta et al, 2008; Egashira et al., 2012; Rubin et al., 2019).

  Anti-platelet aggregation activity

28.          Ginger was reported to have antiplatelet activity (Srivastava,
1986,1989; Young et al., 2006), with some studies reporting effects in animals at
doses of 500 mg/kg bw (Thomson et al., 2002). This further highlighted the need
to differentiate exposure from the normal diet to that from supplements.
Members noted that associations with haemorrhagic effects were reported
following supplemental exposure to ginger, (Kruth et al., 2003; Rubin et al., 2019;
Al Askar et al., 2020) though these were inconclusive.

29.          A study by ElMazoudy and Attia (2018) linked follicular failure to
haemorrhagic effects in a study investigating the effect of dried ginger root on
the oestrus cycle and implantation, in female mice. The authors concluded that
ginger impairs the normal growth of the corpus luteum because of progesterone
insufficiency during early pregnancy and that the results suggested that ginger
can disrupt the oestrous cycle and blastocyst implantation without teratogenesis.
They considered the highest NOAEL to be 500 mg/kg bw. The COT noted that this
might be worth further investigation. However, it was also noted that other
factors could be contributing to the results observed and the study results were
inconclusive.

Contaminants

30.          Differences in cultivation conditions and extraction methods could lead
to possible sources of contamination from microbiology, pesticides, heavy metals
 and residual solvents. Studies investigating contamination in ginger are limited,
however of the few available, the main sources of contamination reported are



heavy metals (Wagesho & Chandravanshi, 2015; Goroya et al, 2019, Kilic &
Soylak, 2019;  Xu et al, 2020) and mycotoxins (Ałtyn and Twarużek, 2020; Wen et
al, 2014; Omotayo et al, 2019; Lippolis et al., 2017).

31.          The Committee discussed the potential presence of contaminants in
ginger and noting that the ginger products used in the studies reported were
sourced locally in markets or herbalists (Wagesho & Chandravanshi, 2015; Goroya
et al, 2019), Members queried whether there were any specific data on
contaminants in ginger supplements available in the UK.

32.          The Committee noted it was unknown how much ginger and particularly,
highly concentrated juice extracts, would contribute to overall contaminant
exposure in the UK.

Exposure

33.          TOX/2021/26 discussed exposure to ginger via the diet and in
supplement form. TOX/2020/51 examined in more detail exposure to ginger in the
form of highly concentrated juices (‘shots’).

34.          Many ginger supplements are recommended to support digestive and
joint health, alleviate nausea, upset stomach, and travel sickness. Currently, two
commercially available pregnancy supplements – ‘Seven Seas Pregnancy’ and
‘Seven Seas Pregnancy Plus Follow On’ – contain 10 mg ginger extract.

35.          The availability of supplements in different forms, along with a lack of
information with regards to extraction processes involved and therefore
composition of the extracts, meant it was not possible to consider aggregate
exposures, as such, ginger exposure from the diet and supplements were
separately considered.

36.          Mean acute ginger consumption from the diet of women aged 16-49
years old was 0.026 g/kg bw/day, and 97.5th percentile consumption was 0.16
g/kg bw/day. The corresponding mean and 97.5th percentile chronic consumption
was 0.0083 and 0.058 g/kg bw/day, respectively. The upper value of the range of
consumption from drinks and supplements was more than double (%) those
estimated from 97.5th percentile acute consumption from the diet.

37.          As the NDNS does not provide data for pregnant women, there was
uncertainty as to whether the data presented was an accurate reflection of
consumption during pregnancy. This uncertainty also extended to data presented
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for drinks and supplements, as the patten of consumption during pregnancy to
alleviate symptoms of sickness is unknown.

Conclusions of the Committee
38.          Ginger is commonly used as a spice and flavouring in many countries
worldwide and is increasingly growing in popularity as a natural remedy, due to
its purported immune system-boosting properties, for easing motion sickness and
post-operative nausea and vomiting.

39.          Several ginger supplements are commercially available, ranging from
dried root in capsule form to tincture form, all with varying amounts of ginger. In
addition to this, concentrated ginger shots, containing large amounts of pressed
ginger, are increasingly becoming popular. The variability in the composition of
these supplements adds uncertainty on the amount of ginger actually being
consumed.

40.          Study authors noted that some of the toxicity observed varied according
to the nature of extraction solvent - organic solvent extracts exhibited more
toxicity than aqueous extracts, which presumably indicates extraction of
differentially toxic compounds. Hence, studies of individual extracts might not
give the whole picture of the uncertainties involved.

41.          Overall, the Committee concluded that based on the available
information it was not possible to determine a point of departure to use in the risk
assessment of ginger when used as a supplement.

42.          Members noted that although the different ginger extracts were not
comparable, there did appear to be some biological activity in the early stages of
pregnancy. It was stressed that in general there was no indication of systemic
toxicity from the use of ginger in the diet as food.

43.          The lack of safety and toxicological information available on ginger use
in pregnancy make it difficult to fully characterise the risks in this respect.

The committee noted that while there was some equivocal evidence for the
possible effect of ginger on reproduction, it was not possible to characterise
based on the data available.

44.          Also, consumption data was based on women of childbearing age and
therefore may not be representative of the maternal diet, leading to an



under/overestimation of the actual exposure.

45.          There is no clear indication that ginger is detrimental to pregnant
women. Generally, normal levels of consumption of ginger within a diet is not
considered a health concern. The Committee also noted that from the evidence
presented, the potential for contamination of ginger with heavy metals and/or
mycotoxins cannot be excluded.

COT Secretariat

July 2022
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