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Abstract: Ginger in its many forms, from juices of the fresh rhizome, to ginger powder and ginger
essential oil, is growing in popularity for claimed universal health benefits. Nevertheless, and
contrarily to the common notion of the public, ginger is not devoid of side effects, especially
interactions with other drugs, and many of the claimed benefits remain to be substantiated. This work
presents a comprehensive revision of the current state of the art on ginger pharmacokinetics and
bioavailability, interaction with active pharmaceutical ingredients, raising awareness of the risks
of uncontrolled ginger consumption. A second section of the work described the verified actions
of various extracts of ginger, or of their main active ingredients, gingerols, based mainly on data
obtained from controlled clinical trials. Finally, the last section is devoted to innovative technological
solutions to improve the bioavailability of gingerols and ginger extracts that are expected to ultimately
lead to the development of more consumer-compliant products.
Keywords: bioavailability; medication interactions; clinical trials; encapsulation; nano-carriers

1. Introduction
1.1. Ginger in History and in the Present Day
Ginger is long known to man. Its history dates back over 5000 years when the Indians and ancient
Chinese cultivated it as a tonic root for all ailments. The plant, of scientific name Zingiber officinale,
is originally from southern parts of ancient China and from there it spread to India, Maluku Islands
(so-called Spice Islands), the rest of Asia and West Africa. Ginger first appeared in Europe in the 1st
century, from Roman trade with India. It was extensively used by the Romans, falling out of use
during the middle ages [1]. Ginger has been used, since old times, in a variety of traditional medicines,
including Chinese, Ayurvedic (from India) and Unani (Perso-Arabic) [2]. In the ayurvedic tradition,
ginger is considered a universal medicine, but it is used with stronger incidence in the treatment of
nausea and indigestion [3].
In the present day, ginger is used both in food and as a herbal medicine. The World Health
organisation (WHO) monograph on ginger compiles the results on anti-emetic, cholagogic and
anti-inflammatory properties available in a variety of sources, including the pharmacopeias of Japan,
China, Thailand, UK, Europe and Africa [4]. In food, ginger is most commonly used as a spice.
The rhizomes are dried and ground to a powder that has flowery-spicy taste and aroma. Both ginger
spice and ginger essential oil are recognised as food additives by the US Food and Drug Administration
(FDA) and they have been granted the GRAS status (“Generally Recognised as Safe”) [5]. Other
ginger-derived food products include ginger pickles, ginger preserves, ginger beer and juices made from
fresh ginger. Candied ginger is eaten per se or incorporated into chocolates and confectionery. Various
extracts are added to yogurt and other dairy products. The use of ginger as a dietary supplement and
functional food is a growing trend. Ginger is one of top-selling herbs in the market, estimated to have
an annual sales growth of 6.5% and to reach a value 4.18 billion UD dollars by 2022. The consumers’
market is predicted to expand even faster, at an estimated rate of 7.5% every year until 2022 [6].
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than pure 6-gingerol, a mixture of 6, 8- and 10-gingerols, as well as 6-shogaol. Pure 6-gingerol can be
obtained by total synthesis, involving more than ten steps and various precursors [19].
2. Pharmacology of Ginger
2.1. Pharmacokinetics from Oral Intake
The amount of ginger active components that reach the bloodstream following oral intake is
relatively low due to losses during gastroenteric absorption. Furthermore, gingerols, like most orally
administered apolar phenolic compounds, undergo glucuronide and sulfate conjugation that takes
place primarily in the intestinal mucosa and secondarily in the liver and other tissues [20]. This way,
plasma components of ginger are typically found in the conjugated forms rather than the free ones. This
was demonstrated by a study on mice treated with 250 mg/kg of ginger extract. The study monitored the
main active components of ginger in the free form, revealing very low seric levels [21]. Also remarkable
are the different absorption kinetics observed for each one of the components. The 6-gingerol plasma
peak was observed at roughly two hours of administration (but with a large error, 27.18 ± 38.43 µg/L),
while 10-gingerol peaked at 30 min (55.95 ± 31.61 µg/L) and 8-gingerol was practically undetected;
6-shogaol peaked at 10 min with only 4.04 ± 5.37 µg/L.
Pharmacokinetics of ginger in humans was investigated using an escalation study with 27 healthy
subjects. A single oral dose of ginger extracts was administered, with concentrations standardised
to 5% of total gingerols and ranging from 100 mg to 2.0 g. The subjects were monitored for 6-, 8-,
10-gingerols and 6-shogaol [22]. The compounds were rapidly absorbed, with a tmax of 55 to 65.6 min
(range: 45–120 min) and elimination half-lives (t1/2β ) of 75 to 120 min at the highest dose, 2.0 g. No free
6-, 8-, 10-gingerols or 6-shogaol were observed in the plasma, in agreement with the studies performed
with mice. Instead, their circulating metabolites were detected, mostly glucuronides and/or sulphates
(Table 1).
Table 1. Pharmacokinetic parameters for the main active components of ginger.
Component

Dose (mg)

Cmax (µg/mL)

AUC
(µg·min·mL−1 )

tmax (min)

t1/2β (min)

6-gingerol, total

1000
1500
2000

0.4 ± 0.2
1.69 ± 2.31
0.85 ± 0.43

12.6 ± 6.4
75.6 ± 110.3
65.6 ± 44.4

55.0 ± 7.7
60.0 ± 0.0
65.5 ± 22.6

—
—
110.0 ± 34.9

6-gingerol glucoronide

1000
1500
2000

0.16 ± 0.15
0.62 ± 0.62
0.62 ± 0.56

—
—
—

—
—
—

—
—
—

6-gingerol sulphate

1000
1500
2000

0.02 ± 0.03
0.04 ± 0.04
0.33 ± 0.41

—
—
—

—
—
—

—
—
—

8-gingerol, total

1000
1500
2000

0.1 ± 0.1
0.1 ± 0.1
0.23 ± 0.16

2.1 ± 2.2
2.6 ± 2.0
18.1 ± 20.3

52.5 ± 8.7
60.0 ± 0.0
73.1 ± 29.4

—
—
113.5 ± 41.1

10-gingerol, total

1000
1500
2000

0.1 ± 0.1
0.1 ± 0.02
0.53 ± 0.4

2.9 ± 3.2
7.7 ± 5.3
50.1 ± 49.3

60.0 ± 0.0
80.0 ± 34.6
75.0 ± 27.8

—
—
128.7 ± 38.8

6-shogaol, total

1000
1500
2000

0.1 ± 0.1
0.4 ± 0.08
0.15 ± 0.12

0.8 ± 1.5
1.6 ± 2.8
10.9 ± 13.0

55.0 ± 8.7
60.0 ± 0.0
65.6 ± 22.6

—
—
120.4 ± 42.0

Note: Cmax = maximum plasma concentration, AUC = area under the concentration-time curve, tmax = time point at
which Cmax is observed, t1/2β = elimination half-life.

It should be noted that only 6-gingerol conjugates were detectable in subjects taking doses below
1.0 g, and for this reason, the low doses are not listed in the Table 1. The AUC values for the doses of
250 and 500 mg of ginger presented low values, of 2.8 and 5.3 µg·min·mL−1 respectively. For the two
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lowest doses of ginger tested, 100 and 250 mg, the Cmax of 6-gingerol conjugates had values of 0.3 and
0.4 µg/mL, respectively. Ginger was well tolerated in all subjects.
Ginger metabolism and excretion is still not fully determined. Studies using 6-gingerol
as a model show that this molecule is extensively metabolised in the liver by enzymes of
the uridine diphosphate glucuronosyltransferase family to form glucuronide conjugates [20,23].
Roughly, half of the administered 6-gingerol is excreted through the bile as a glucuronide,
with only 2–3% appearing in the urine in the free form [20]. Other metabolites, formed
by hepatic oxidation and eliminated in the urine, include 9-hydroxy-6-gingerol, vanillic
acid, ferulic acid, (S)-(+)-4-hydroxy-6-oxo-8-(4-hydroxy-3-methoxyphenyl)octanoic acid, and
4-(4-hydroxy-3-methoxyphenyl)butanoic acid.
2.2. Safety and Interactions
Ginger is a very safe herbal medicine, able to be used even in pregnancy [24,25]. Nevertheless, it is
not completely free from side effects (see Section 2.2.1) and it also displays a long list of interactions with
other compounds, from pharmaceutical active ingredients (APIs) to vitamins and nutrients. In these
interactions, ginger acts mostly as a bioenhancer, that is, an agent that enhances the bioavailability
of other substances, as detailed in Section 2.2.2. This effect may be associated with the presence
of piperine-like compounds in ginger [26]. Piperine, the pungent compound in black pepper, is a
well-known bioenhancer. However, ginger interactions with APIs are not fully predictable and
reduction of bioavailability is also reported, as described in Section 2.2.3.
2.2.1. Adverse Effects
Ginger consumption rarely induces side effects. Gastrointestinal complications are reported in a
clinical trial with patients taking 2 g of ginger powder per day, but the incidence is in similar numbers
in the test group and the placebo group [27].
Anticoagulant activity with platelet inactivation may occur with very high doses of ginger.
Aggregation of platelets was reduced by roughly one third in patients with a previous history of
myocardial infarction taking a daily dose of 10 g ginger powder [28]. There is no action on platelet
aggregation at daily doses of 4 g or less [28–30].
2.2.2. Bioavailability Enhancement with Ginger
The most comprehensive list of bioenhancing interactions of ginger with other compounds
is available in a patent [31]. Ginger aqueous and methanolic extracts are claimed to increase the
bioavailability of various APIs by up to 1.5 folds, as listed in Table 2.
Table 2. Maximal enhancement of the bioavailability of APIs, vitamins and amino acids claimed to
occur when ginger extracts are taken concomitantly [31].
Compound

Enhancement in Bioavailability (%)

Fluoroquinolones
Ciprofloxacin
P-floxacin
O-floxacin

68
53
49

Macrolides
Erythromycin
Roxythromycin
Azythromycin

68
72
78

Cephalosporins
Cefalexin
Cefadroxil

75
68
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Table 2. Cont.
Compound

Enhancement in Bioavailability (%)

Penicillins
Amoxycillin
Cloxacillin

80
76

Aminoglycosides
Kanamycin

65

Antimycobacterium agents
Rifampicin
Dapsone
Etionamide
Cycloserine

65
46
56
71

Antifungals
Fluconazole
Ketoconazole

120
125

Antivirals
Acyclovir
Zidovudine

82
105

Antiulceratives
Ranitidine
Cimetidine

147
98

Benzodiazepines
Alprazolam

76

Anti-hypertension agents
Propanolol
Lisoprinil
Amlodipine

76
76
68

Steroid anti-inflammatories
Dexamethasone
Betamethasone

76
75

Non-steroid anti-inflammatories
Diclofenac
Piroxicam
Nimesulide

90
86
144

Immunosupressants
Cyclosporin A
Tacrolimus

116
75

Antimetabolites and antitumorals
Methotrexate
Doxorubicin
5-Fluorouracil
Cisplatin

87
72
110
56

Vitamins and antioxidants
Vitamin A
Beta-carotene
Vitamin E
Vitamin C

30
36
27
25

Essential aminoacids
Leucine
Isoleucine
Methionine
Lysine
Valine

17
31
25
15
25
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A bioenhancing effect is also reported for ginger oleoresin. When given to mice at a dose of
30 mg/kg of body weight, ginger oleoresin enhanced the bioavailaibility of the antiviral drug atazanvir
and accelerated its absorption [32].
2.2.3. Ginger May Lower Bioavailability of Some Substances
The interaction of ginger with the immunosuppressant drug cyclosporine was studied in mice
under different conditions of administration, leading to distinct results. The administration of ginger
juice (5 mL/kg), both at the same time and two hours before oral administration of cyclosporine
led to reduction in the bioavailability of this API, with reductions of 63% and 40% in the respective
AUC [33]. Note that these results are in contrast with the claims in the patent of Qazi et al. [31], in which
30–35 mg/kg ginger extract in co-administration with cyclosporine is said to afford a bioavailability
increase of 116% (measurements done in plasma over 24 h).
The variability of the reported results allows postulating that high doses of ginger are required for
it to feature an enhancing action on the absorption of APIs. In turn, an antagonistic action with other
substances may occur when ginger is taken concomitantly in low doses, such as those arising from
juices and infusions.
2.3. Biological Activity
Ginger is indicated in Ayurvedic, Chinese and Unani traditional medicines for a large variety
of pathologies and ailments, often being considered a panacea or universal medicine. Most of this
knowledge is, however, empirical, and only in the latest decades has clinical trial-based evidence been
gathered on the activities of ginger. This section presents a selection of the most relevant results coming
from clinical trials.
2.3.1. Anti-Inflammatory and Analgesic Activities
The anti-inflammatory activity of ginger was demonstrated in a clinical trial monitoring
pro-inflammatory enzymes such as cyclo-oxygenase (COX) and lipo-oxygenases (LOX-5, LOX-12 and
LOX-15). Following the daily intake of 2 g of ginger powder for 28 days, the lower activity of these
enzymes was confirmed by reductions in the levels of the pro-inflammatory substances they produce,
particularly eicosanoids and prostaglandin E2 (PGE2) [27].
In clinical terms, the effect of ginger is more of a long-term one than an immediate one (as observed
with non-steroid anti-inflammatory APIs). A clinical study measured the effect of ginger reduction
of pain, swelling and mobility on 24 healthy male volunteers subject to eccentric muscle exercise to
generate acute inflammation and muscle pain. 24 h and 48 h after the strong exercise, volunteers were
given 2 g of ginger or a placebo. The pain and swelling, measured 45 min after the intake, were similar
in the ginger group and the placebo group; interestingly, the same measurements were repeated 24 h
after ginger ingestion and improvements were observed. This study suggests ginger may attenuate the
day-to-day progression of muscle inflammation and the associated pain [34]. Another study compared
the effect of 2 g of either raw or heat-treated ginger on two groups of volunteers (34 and 40 men,
respectively) and again reduction of pain was observed three days after the exercise, with values
of 25% for the raw ginger group and 23% for the heat-treated ginger group [35]. As mentioned in
Section 1.2., gingerols are sensitive to heat, and thus the lower activity observed in this study for the
second group is due to the lower content in gingerols. This study confirms that, in humans, gingerols
are involved in the anti-inflammatory and analgesic actions. For pure 6-gingerol, both activities are
already demonstrated in mice models [36].
Clinical trials investigating osteoarthritis (OA) pain management also show incoherent results
for ginger, which may be associated with the different composition of the tested formulations. A trial
employing an unknown composition of ginger hydroxymethoxyphenols at a daily dose of 170 mg
for three weeks showed no improvement in motion-derived joint pain (test group with n = 56) [37].
In turn, another study with 40 patients taking, over a month, a daily dose of 30 mg of ginger extract
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(by cold ethanol percolation, 30 mg of extract corresponding to 1 g of dry ginger powder) showed a
significant reduction (>50%) in the pain associated with motion of the affected joints [38]. Another
study with a larger number of patients (n = 103) taking capsules with whole ginger powder at daily
doses of 0.25 g for six weeks also showed reduction of knee pain (average of c.a. 30%), which was
more significant in patients having OA for less than three years [39].
The use of ginger as an anti-inflammatory and analgesic agent in migraine was reported in
1990, in a single-patient case study. The patient consumed 1.5 to 2 g of powdered ginger per day
(doses of 500 mg at four-hour intervals) and reported the abortion of migraine 30 min after the
first dose of 500 mg [40]. The anti-neuroinflammatory activity of ginger was confirmed by in vitro
studies on microglia cells [41] and it is associated mainly with the component 10-gingerol, rather than
6-gingerol [42].
2.3.2. Anti-Emetic Activity
The anti-emetic activity of ginger is best documented in cases of pregnancy, with various clinical
trials showing its practical utility [43]. In eleven out of the twelve trials conducted, ginger powder,
at a daily dose ≥1 g, was able to reduce or eliminate hyperemesis gravidarium [44] and the episodes of
nausea vomiting associated with pregnancy [45–54].
The use of ginger as an antiemetic is also reported for motion and post-operative sickness cases,
but studies are somewhat scarcer. Regarding motion sickness, the most relevant trial was conducted on
a group of 80 navy cadets, with 40 taking 1 g of ginger powder in a single dose and the other 40 taking
placebo. The cadets were monitored for 4 h following ingestion. The ginger-treated group had no emesis
and exhibited a strong reduction of symptoms, such as cold sweating and vertigo, in comparison with
the placebo group; note that in the placebo group there were also a few incidences of vomiting [55,56].
Ginger’s motion-sickness preventive action in individuals with extreme or very high susceptibility
to this condition was demonstrated by two studies which resorted to motion-induced sickness, that
is, the volunteers were placed in tilted rotating chairs [57,58]. In one of these, 12 young volunteers
were given 1.9 g of ginger powder, while another 12 received dimenhydrinate (an anti-histamine
and CNS depressant that blocks vertigo impulses). Results show ginger is superior to dimenhydrate
in preventing the gastrointestinal symptoms of motion sickness [57]. The second study followed
double-blind, randomised, placebo-controlled protocols to compare the action of two doses of ginger.
1 g of ginger powder was shown to be as effective as 2 g of ginger powder in reducing motion-induced
nausea, with both doses being significantly more effective than the placebo [58]. A third trial, sponsored
by NASA, tested the effects of ginger on healthy volunteers, that is, people not particularly prone
to motion sickness. A dose of 1 g of ginger powder was compared with 0.6 g of scopolamine (an
anti-emetic API) and the effectiveness was measured by the ability of the volunteers to tilt their head
(without utter discomfort) while they were spinning on the rotating chair. The results of the group
taking ginger (n = 8) were poor, volunteers performing very close to the placebo group; moreover, the
ginger group scored much worse than that of scopolamine (also with n = 8) [59]. Nevertheless, this
form of measuring the resilience to sickness may not be the most clinically relevant.
In post-operative sickness, 1 g of ginger (taken before the operation) was demonstrated by two
case studies to reduce the incidence and severity of nausea to roughly half of that observed in the
placebo group [60,61]. Ginger may also be useful in combination therapy with conventional antiemetic
drugs to prevent acute nausea resulting from chemotherapeutic drugs, as demonstrated by a large
scale (n = 576) double-blind study [62]. Also noteworthy is a single-blind, randomised, controlled,
cross-over study, conducted in two oncology clinics on 60 women taking chemotherapeutic drugs
for breast cancer and treated with ginger oil, inhaled continuously from an aromatherapy necklace.
The results of this study showed that patients, after the fifth day of treatment with ginger oil, had
higher gastrointestinal comfort and were thus able to ingest food in amounts that were closer to their
daily energetic requirements than those of the placebo group (note: these were wearing a necklace
with matching odour but no ginger oil) [63].
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2.3.3. Ginger in Dysmenorrhea
Dysmenorrhea is a perimenstrual female dysfunction characterised by low abdominal or pelvic
pain and often accompanied by back pain and nausea. As described in the previous subsections,
ginger combines analgesic and anti-emetic activities, thus being very suited for the management of this
condition. The beneficial action of ginger in dysmenorrhea is demonstrated by six clinical trials [64]
that evidence its overall effectiveness, at different doses, in significantly reducing pain when compared
with a placebo. In one of these trials, the tested daily dose was quite low—150 mg per day of ginger
powder, taken for five consecutive days—and still there was a reduction of both severity and duration
of pain in the test group (n = 59) [65]. Another two trials reported that 1 g of ginger powder (taken
along the day in four doses of 250 mg) reduced the severity of pain as effectively as NSAIDs, namely
mefenamic acid (3–4 × 250 mg per day) [66,67] and ibuprofen (4 × 400 mg per day) [67]. Finally,
another trial reports a wide set of benefits from the intake of 2g of ginger per day, which include relief
of cramping, colicky pain in lower abdomen, nausea, and even diarrhoea [68].
2.3.4. Anti-Diabetes Activity
The benefits of ginger intake in the management of type-2 diabetes seem to be progressive, that is,
better results are achieved when ginger is taken daily over a prolonged period of time. A two-month
length clinical trial in a group of 32 patients taking 2 g of ginger powder daily showed reduction of
the insulin resistance index (HOMA model) but not of the fasting plasma glucose (FPG) levels [69].
Another trial on 35 patients taking 1.6 g ginger daily for three months showed that ginger did reduce
FPG levels besides increasing the sensitivity to insulin [70,71]. Also noteworthy is that this activity
appears to be dose-dependent: two trials studying the effect of a ginger daily dose of 3 g, show faster
onsets of hypoglycaemic activity, starting from one month in one study [72] or two months in the
other [73]. The intake of two grams of ginger daily also helps reduce chronic inflammation associated
with diabetes by lowering the levels of C-reactive protein [70,74] (but note that this does not occur
with only 1 g daily [75]).
In dialysis patients, the hypoglycemic effect of ginger is even more noteworthy, being observed at
lower doses and shorter times of supplementation. A trial on patients subjected to peritoneal dialysis
taking 1 g ginger powder for 10 weeks showed a reduction in FPG of roughly 20% in the ginger group
(n = 18), a value significantly different from that of the placebo group (also with n = 18) [75].
2.3.5. Cancer Preventive Activity
A small clinical trial using only 9 participants in the test group investigated the ability of ginger
powder, at a daily dose of 2 g for 28 days, to prevent the development of colon cancer. All the participants
had increased risk for this kind of cancer, previously determined by their medical background, and the
action of ginger was measured by making a post-treatment sigmoidoscopy with collection of intestinal
tissue for immunohistochemical studies. The colon crypts, tube-like formations that line the colon and
produce mucus, were measured to determine their content in cancer and apoptosis biomarkers. Results
showed that the treatment with ginger restored the levels of these biomarkers back to ‘normality’, that
is to values typical of healthy individuals [76].
The cancer preventive action of ginger also seems to be associated with reduction of inflammation,
which is commonly linked with cancer. In a trial with 10 participants having increased risk for colon
cancer, the intake of 2 g of ginger powder daily for 28 days reduced significantly the expression of the
pro-inflammatory enzyme COX-1 in the intestinal wall (biopsy extraction) in comparison with the
placebo group (n = 11) [77]. Also noteworthy is the fact that the same dose was studied, in parallel,
on healthy volunteers (that is, with no risk for colon cancer) and ginger did not reduce their levels of
COX-1 [77].
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2.3.6. Equivocal Activities
To fully comply with its traditional reputation of panacea, ginger should be able to provide
cure against practically all ailments. Nevertheless, it lies far from it and a few studies are already
demonstrating the equivocal activities on conditions such as IBS, fatty liver and obesity.
A pilot study on irritable bowel syndrome (IBS) patients who were randomly consuming placebo
or ginger powder at daily doses of 1 g or 2 g for 28 days, the ginger groups (n = 15) did not show better
effects than the placebo one [78].
Similarly, in non-alcoholic fatty liver disease (NAFLD), no significant reduction of liver fibrosis,
the main pathophysiologic alteration of the disease, was observed between the ginger group and the
placebo group (both with n = 22); patients in the test group were taking 2 g of ginger powder per day
for 3 months [79].
Ginger also failed to demonstrate any slimming or appetite reduction action. A daily dose
of 2 g of ginger powder for three months caused no changes in body mass, body fat and total
energy and macronutrients intake in a group of 40 women in regard to the control (40 women taking
placebo) [80,81].
3. Encapsulation of Ginger
3.1. Dispersion and Micronisation
Encapsulation of ginger essential oil or ginger oleoresin by forming a dispersion into a polymer or
other carrier agent, with subsequent drying and micronisation (commonly in one step, by spray-drying),
is a common solution for the protection of the active ingredients against volatilisation or against
degradation by heat and light. In addition, liquid and semi-solid extracts are turned into powdered
solids which are easier to store and handle.
In the case of ginger essential oil, encapsulation can be achieved with various agents including
inulin, whey protein (WP) [82] and a WP/maltodextrin blend [83]. For ginger oleoresin, various
methods and dispersing agents are described by Janayudin et al. [84], including chitosan and blends
of maltodextrin with caseinate or arabic gum. Chitosan [85] and chitosan-alginate mixtures [86] can
also be used to form microcapsules with the oleoresin of red ginger, a subspecies of ginger containing
higher amounts of 10-gingerol, 6-gingerdiol and its acetylated derivatives [87].
3.2. Liposomal Ginger
Some liposomal ginger products are available on the market, namely a combination of ginger,
curcumin and docosahexaenoic acid (an omega-3 fatty acid) named ‘Micelle Liposomal Curcumin
Gold’ [88] and another comprising turmeric, lemon and ginger, called ‘Synchro Gold Lemon Ginger’ [89].
Inclusion of a lipophilic drug into liposomes aims usually at increasing its bioavailability, which, in the
case of the two marketed herbal supplements, would refer to oral absorption, given that these are to be
taken by this route. Nevertheless, to the best of our knowledge, the effect of liposomes on the oral
bioavailability of the active components from ginger remains yet to be demonstrated by any in vivo
studies or clinical trials.
Available research into the benefits of liposomes for ginger biotechnological applications includes
the evaluation of stability and dermal bioavailability. Inclusion of ginger extract into nanoliposomes
was shown to help preserve its antioxidant properties [90] and its skin permeability, measured on an
in vitro goat skin model [91].
4. Novel Drug Delivery Technologies Based on Ginger
4.1. Ginger-Derived Nanoparticles (GDPs)
Fresh ginger juice can be used to afford, by a controlled methodology [92–94], ginger-derived
nanoparticles (GDPs) that are suitable for loading and carrying APIs or other compounds. GDPs from
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ginger contain lipids, mainly phosphatidic acids (41.9% of total lipids), digalactosyldiacylglycerol
(27.4%) and monogalactosyldiacylglycerol (18.9%) [95], as well as a fair amount of RNA [94]. GDPs
have, thus, an intrinsic immunomodulatory activity, inducing production of the cytokines IL-6 and
IL-10 when incubated with macrophages. Furthermore, they are not destroyed in the stomach [94],
and they are able to enter liver cells (hepatocytes) in mice [96], where they demonstrated a protective
effect against alcohol-induced liver damage.
The high biocompatibility of GDPs and their ability to easily fuse with biological membranes
owing to the high content in phosphatidic acids makes them excellent candidates for innovative
biological therapies. Chronic diseases associated with genetic dysfunction, such as ulcerative colitis,
can be treated by gene therapy or by knocking out a target gene using small interfering RNAs (siRNAs).
SiRNAs are small double-strand sequences able to knock down specific genes, in this case CD98. GDPs
loaded with siRNA-CD98 were tested both in vitro and in vitro as an innovative therapy for ulcerative
colitis. In vitro studies on the RAW 264.7 and colon-26 cell lines show successful transfection, with
distribution of the GDPs throughout the cells and inhibition of the expression of CD98 gene by roughly
20% in colon-26 cells and 50% in RAW cells. The GDPs have also good distribution in vivo, with
studies on mice demonstrating that they have a preferential action (CD98 knock-out) on the ileum and
the colon [95].
4.2. Ginger-Derived Nano-Vectors (GDNVs)
GDPs can be transformed into other kinds of carriers by extracting the lipids they contain and
leaving the RNA behind. The extracted lipids form, by sonication, nano-sized vesicles that received the
acronym of GDNVs. These new carriers are taken up by intestinal cells, as demonstrated in vitro on the
Colon-26 and HT-29 human colon adenocarcinoma cell lines, and biocompatible as demonstrated by
the lack of toxicity in vivo on mice. Furthermore, they act effectively as carriers for oral administration
of the antitumoral drug doxorubicin and this therapy successfully inhibited tumor growth in a Colon-26
xenograft tumor mouse model [97].
5. Closing Remarks
Ginger is currently a very popular spice, transcending its original countries of use into the western
societies, where the fusion of flavours and gastronomic influences is a growing trend. Ginger is also
common in juice blends, infusions and even yogurt, bringing pungent, fresh and flowery notes to
their aroma and flavour. While these foods are certain to please the eclectic consumer, they have no
medicinal value, since the amount of ginger is practically neglectable. Ginger-based functional foods
are, alas, a mere consumer’s hype.
As a medicinal herb, powdered ginger rhizome is available from a large variety of suppliers, in
capsules containing approximately 500 mg of powder. The recommended daily doses vary between
one and three capsules, which translate into doses of 500 to 1500 mg. According to the clinical studies
revised in the present paper, these doses are useful in the prevention of motion sickness, which can
be achieved with a single dose of 1 g, and also suitable for alleviation of dysmenorrhea-associated
pain, with improvements starting after four days of treatment. However, it must be recalled that, in
order for ginger to produce any of the multiple other benefits herein described, higher doses (2 or 3 g)
are required.
Words of caution on the use of ginger as a medicinal herb are also in order, with particular
highlight to its interference with other APIs, observed in mice. Ginger-API interactions are thus also
presumed to occur in humans, although it remains to be ascertained as to which extent and at which
doses. Also relevant is the fact that for the majority of ginger’s prescribed effects, a prolonged time of
treatment is required, and this increases the risk of interactions whenever the patient needs to take
other APIs during such time. Given that the ginger-API interactions occur mainly on the intestines,
a proper encapsulation of ginger extracts should be able to prevent such interactions making it safer
and improving its bioavailability. This area of application still requires further investigation, namely to
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quantify the increase in bioavailability and to verify whether interactions can indeed be prevented.
With the growing interest of western societies in ginger as a natural medicine, in the next decades we
can expect research to grow to deepen our knowledge on this herb and to find a plethora of novel,
safer applications.
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