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Abstract
There are several components isolated from plants grown in Mediterranean environment exhibiting
significant beneficial properties against a variety of disorders related to lipid or glucose metabolism. In
this context, plant species (e.g. Salvia officinalis, Rosmarinus officinalis, Lavandula stoechas, Melissa
officinalis, Mentha piperita, Thymus vulgaris, Origanum majorana, Sideritis raeseri, Ocimum basilicum,
Pistacia lentiscus, Crocus sativus, Daucus carota) may act against lipid or carbohydrate metabolic
disorders through their antioxidant, anti-inflammatory or other properties, or due to the beneficial actions
of their compounds. New horizons are very promising, since these plant species have been used both in
Traditional Medicine and in current clinical practice.
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Introduction
Nowadays, there is an increased demand for the use of natural products in order to treat
different diseases, instead of using synthetic drugs which might have adverse effects. The rich
and fertile land of Mediterranean fosters the growth of various species of plants known for
their considerable medicinal properties. This review aims to summarize the principal
observations regarding the lipid and glucose lowering activities of plants grown in Greece and
in other Mediterranean countries with special focus on the possible mechanisms involved.
Methodology
Various scientific search engines such as PubMed, Medline, Science Direct, Scopus, Springer
Link were used to retrieve online literature. Human, in vitro and animal studies investigating
the favorable effects of medicinal plants grown in Mediterranean countries on lipid or glucose
metabolism were included. Studies in languages other than English and also studies which
their full text were not available and had no abstract, were excluded. In particular, pre-set
searching strings such as “medicinal plants”, the classic latin name of the plant species or the
species name, “medicinal plants” and “lipid lowering effects’’, “medicinal plants” and
“Mediterranean”, “plants” and “glucose lowering effects”, “plants” and “antioxidant
properties’’, “plants” and “lipid metabolism” were used to collate the relevant studies. The
results were then cross-referenced to generate a total number of 69 references cited in this
review (mainly during the period 2005–2015). To systematically summarize the lipid lowering
effects and the hypoglycemic properties of medicinal plants along with the potential
mechanisms involved, a total of 12 plant species belonging to 4 families were included in this
review. Table 1 represents a list of these medicinal plants according to their corresponding
families. The major medicinal effects of these plants or their compounds on lipid and glucose
metabolism are reported. Moreover, the main biological properties of these plant species which
may account for their favorable actions on lipid and glucose levels are also discussed.
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Table 1: Plant species grown in Greece and other Mediterranean countries
Families

Common name
(Species)

Lamiaceae
Sage (Salvia officinalis)
Rosemary (Rosmarinus officinalis)
Lavender (Lavandula stoechas)
Lemon balm (Melissa officinalis)
Peppermint (Mentha piperita)
Thyme (Thymus vulgaris)
Marjoram (Origanum majorana)
Basil (Ocimum basilicum)
Oregano (Origanum vulgare

Therapeutic properties against disorders on lipid and
glucose metabolism
Sage (Salvia officinalis) (Figure 1) is described in literature to
exhibit significant hypoglycemic and hypolipidemic activity
both in experimental studies with animals but also in clinical
level [1, 2]. The regulating properties of Rosemary (Rosmarinus
officinalis) on glucose metabolism have been documented in
vitro [3] and in vivo [4]. Both lavender (Lavandula stoechas) and
Lemon balm (Melissa officinalis) have shown significant lipid
lowering effects whereas their impact on leptin and insulin
pathways have been also suggested [5, 6, 7, 8]. Animal studies
and clinical trials report the protective effects of Peppermint
(Mentha piperita) against disorders in lipid and glucose
homeostasis [9, 10, 11, 12, 13, 14]. Pharmacological studies showed
that Wild carrot (Daucus carota) also exhibits hypoglycemic
and hepatoprotective activity [15]. In recent studies, an
improvement in metabolic parameters and serum glucose
levels of diabetic mice were observed following administration
of a marjoram (Origanum majorana) extract [16].
Thyme (Thymus vulgaris) (Figure 2) extract has been shown to

Anacardiaceae

Iridaceae

Apiaceae

Mastic Tree
(Pistacia lentiscus)

Kozani Crocus
or Saffron
(Crocus sativus)

Wild carrot
(Daucus carota)

improve the hepatic function [17]. In a study investigating the
impact of an aqueous extract of oregano (Origanum vulgare)
in a STZ-induced diabetic rat model, the glucose lowering
effects of this herb have been shown, although plasma basal
insulin concentration was not affected [18]. The beneficial
effects of the extract of basil (Ocimum basilicum) against the
disturbed lipid and carbohydrate metabolism have been
documented as it is displayed in experimental studies [19, 20, 21].
Recent studies provide significant results on the therapeutic
value of Chios Mactic (Pistacia lentiscus) Gum, a resin
produced by the Chios Mastic trees exclusively cultivated on
“Chios” island in Greece, against the disturbed lipid profile
and the alterations in serum glucose levels [22, 23]. A quite
notable part of the existing literature about saffron (Kozani
Crocus or saffron derived from Kozani Regional Unit (Crocus
sativus)) which is the vernacular name for the stigmata from
flowers of Crocus sativus, focuses on its antidiabetic and
hypolipidemic effects [24-26]. The information on the design of
some of the above studies as well as their main outcomes are
presented in Table 2.

Fig 1: Salvia officinalis, Kefalonia Island

Fig 2: Thymus vulgaris, Kefalonia island

Table 2: Studies on the lipid and glucose lowering effects of plants
Plant
species

Study design
Forty hyperlipidemic
and/or
hypertriglyceridemic type
2 diabetic patients

Sage

Sixty-seven
hyperlipidemic patients
Streptozotocin (STZ)
induced diabetic rats

Intervention

Major findings

References

Administration of a sage leaf
extract (a capsule of 500 mg, 3
times/day) for 3 months

Improved fasting serum glucose levels,
amelioration of glycosylated hemoglobin
levels, decreased serum total cholesterol,
LDL cholesterol and triglyceride
concentrations and increase in HDL
cholesterol levels

59

Beneficial hypolipidemic activity

65

Hypoglycemic properties of the
methanolic extract

66

Two-month sage supplementation
(administration of a capsule of 500
mg every 8 hours)
Ip injection of a methanolic extract
(100, 250, 400 and 500 mg/kg) and
essential oil (0.042, 0.125, 0.2 and
0.4 ml/kg). Blood sampling at 1, 3
and 5 h after administration
~ 95 ~
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Six 40-50 years old healthy
women
Thirty-six alloxan-induced
diabetic Wistar rats
Fisher 344 rats

HepG2 cell lines
Rosemary
Diet induced
hyperlipidemic mice
Lavender

Lemon
balm

Forty-eight alloxaninduced diabetic Wistar
rats

Administration of carnocic acid - a
major component of sage- for a
period of 12 weeks
Administration of a lavender
extract (50 mg/kg) for a period of
15 days

Increase in the activity of superoxide
dismutase, declined serum triglycerides
and LDL cholesterol levels
No significant impact on serum lipid
profile or the metabolic function of liver
or kidneys
The doses of 2, 10 and 50 μg/mL
increased the glucose consumption in
HepG2 cells by 6%, 13% and 21%
respectively
Decrease in fatty tissue deposition in liver,
amelioration of their metabolic disorders
and improved insulin resistance
Protective action against the increased
serum glucose levels

67

68

69

3

4

5

Hyperlipidemic rats

Ameliorated serum lipid and hepatic
enzymes levels, reduced lipid
peroxidation in liver, increased hepatic
glutathione concentration

6

High fat diet-induced
hyperlipidemic mice

Administration of a mixture of
species Melissa officinalis L.,
Morus alba L., and Artemisia
capillaris Thunb for a 12-week
period

Reduced body weight and fat deposition,
improved serum total cholesterol and
triglycerides levels and diminished fat
deposition in liver

7

db/db mice

Lemon balm extract administration

Improvement in serum glucose levels and
insulin resistance

8

Adult rats that were
offspring either of
streptozotocin-induced
diabetic female rats or
healthy female rats

0.29 g/kg water-peppermint "juice"
once a day for 30 consecutive days

Reduced serum glucose levels and serum
total cholesterol, LDL cholesterol and
triglyceride levels/increased HDL
cholesterol levels

9

Improved serum glucose levels

10

Reduction in the weight gain percentage,
significant reduction of triglycerides and
increase in HDL-c has been achieved

11

Dose dependent improvement of glucose
and lipid profile.

12

Wistar rats receiving
normal chow or high
saturated fat diet
Twenty-four Sprague
Dawley rats, receiving
increased fructose content
diet
25 students (18-45 years
old)

Basil

Rosemary extract at doses 0.4, 2,
10 and 50 μg/mL

Improvement of lipid metabolism

Per os administration of lemon
balm extract (2 g/kg) for 28 days

Diabetic rats

Peppermint

Consumption of a beverage
produced by sage (4 g leaves of
sage in 300 ml boiling water) for 4
weeks
Administration of a methanolic
extract of leaves of sage 250
mg/kg, for 21 days
Administrations of a dietary
supplement containing sage, two
other herbs and two vitamins

Control and alloxaninduced diabetic rats

133 volunteers over 50
years of age
Chios
Mastic
Gum
Twenty-seven
streptozotocin induced
diabetic mice

Administration of alcoholic extract
of peppermint
Administration of peppermint juice
(100 g of leaves per /l of water) at a
dose 0.29 g/kg twice a day by the
intra-gastric route (gavage) for 30
days
Administration of aqueous
peppermint extract (100 mg/Kg,
250 mg/Kg p.o. daily) for 3 weeks
Peppermint juice consumption for a
period of 30 days
Ip injection of basil (400 mg/kg)
basil methanol extract
Intake of a high dose of Chios
Mastic Gum (5 g mastic powder
daily diluted in one glass -250 mlof water) for a period of 18 months
or a solution of a lower dose of
mastic gum (approximately oneseventh of the dose received by the
high-dose group) for 12 months

Administration of 500 mg/kg and
20 mg/kg per day of Chios Mastic
Gum for 8 weeks
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Reduction of serum glucose levels, serum
total cholesterol levels, serum
triglycerides and serum LDL cholesterol
levels, improved serum HDL cholesterol
levels
Reduced blood glucose levels both in
control and diabetic rats

14

21

The intake of high dose resulted in
reduced serum total and LDL cholesterol
levels, decreased apo-A and apo- B serum
concentration and improved levels of
hepatic enzymes. The hypoglycemic
activity of Chios Mastic Gum was also
recorded in the low dose group

22

Both doses resulted in declined serum
glucose, total cholesterol, LDL cholesterol
and triglyceride levels and increased HDL
levels at the 4th week of the study. Mice
receiving the lower dose had lower serum
glucose, cholesterol, low-density
lipoprotein cholesterol, and triglyceride
levels and improved high-density
lipoprotein cholesterol levels at the 8th
week

23
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Antioxidant action
The antioxidant activity of sage, as it is displayed in
experimental studies, resides mainly in its composition in
different compounds such as di- and triterpenoids, phenolic
acids, essential oils, tannins and flavonoids [27, 28, 29]. Similar to
sage, rosemary’s antioxidant activity derives from the
flavonoids and polyphenolic acids that it contains (particularly
hydroxycinnamic acids) [30]. Additionally, the antioxidant
potential of lavender is well documented and are attritbuted to
its polyphenolic and flavonoid composition [5, 31, 32, 33, 34].
Many compounds of lemon balm (phenolic ingredients, oils,
monoterpenes, flavonoids, tannins) are implicated in its
antioxidant properties [35, 36, 37, 38, 37, 39]. Different species of
mint including Mentha piperita contain thymol and carvacrol
which are associated with Free Oxygen Radicals (ROS)
lowering effects [40-42]. The main antioxidant molecules in
marjoram belong to the categories of flavonoids and
tepenoides [43, 44, 45].

Oregano is considered as one of the most important sources of
natural phenols that can reduce lipid peroxidation and alleviate
oxidative damage [46].
The beneficial antioxidant properties of the aqueous extract of
basil are ascribed at least in part to the antioxidant mechanism
of its compounds [20]. The afore mentioned health benefits of
Chios Mastic Gum regarding the lipid and glucose metabolism
are mainly related to its antioxidant activity that engages in the
metabolic pathway of protein kinase C (PKC) that further
attenuates the production of superoxide radicals by NADPH
oxidases [47]. A methanol extract of Crocus sativus has shown
marked antioxidant action [48] while a methanol extract of
saffron, crocin ot crocetin can positively influence the human
monocyte system [49]. The antioxidant properties of a
methanolic extract of Daucus carota seeds have been
exhibited in rats, in which oxidative stress was induced by
thioacetamide administration [15] (Table 3).

Table 3: Summary of the medicinal and biological properties of the plants
Common name of
plant

Reduction in lipid
levels

Reduction in serum
glucose levels

Antioxidant
activities

Anti-inflammatory
action

PPAR-γ agonist
activity

Sage
Rosemary
Lavender
Lemon balm
Peppermint
Marjoram
Thyme
Oregano
Basil
Chios Mastic Gum
Kozani Crocus
Wild carrot

x
x

x
x
x
x
x
x

x
x
x
x
x

x
x

x
x

x

x

x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x

Anti-inflammatory properties
Sage has been shown to present remarkable anti-inflammatory
activity [50]. Sage extracts contributed to a decreased
production of the pro-inflammatory agents IL-6 and ΤNF-α
and an enhanced release of the anti-inflammatory IL-10
attenuating cyclooxygenase-2 (COX-2) or nitric oxide
synthase expression [39]. Sage oil has also inhibited the
generation of nitric oxide in murine macrophage cell lines
following their stimulation with lipopolysaccharide (LPS) [51].
In addition, other studies revealed the beneficial antiinflammatory properties of rosemary [52, 53].
Scientific reports also describe the anti-inflammatory potential
of lemon balm [37, 38]. Different components of this herb, such
as phenolic compounds, oils, flavonoids and tannins, are
implicated in this action [37]. The in vitro anti-inflammatory
properties of lemon balm have been also shown [39], while this
activity has been evaluated and further validated in an animal
study with rats [54] (Table 3).
Thyme and oregano have been studied as anti-inflammatory
agents. An extract of oregano exhibited significant inhibitory
action against inflammation in an in vitro atherosclerosis
model, by determining the production of cytokines from THP1 macrophages [55, 56]. Saffron has been indicated to show
strong anti-inflammatory properties [57, 58] (Tables 2, 3).
Other actions
It has been demonstrated that extract from sage leaves acts as a
Peroxisome proliferator-activated receptor gamma (PPAR-γ)
agonist in vitro, obstructs pancreatic lipase in vitro, obstructs
the absorption of lipids, decreases the triglycerides levels in
the muscle, decreases lipid peroxidation in the brain and the

x
x
x

liver of mice, strengthens the action of insulin and obstructs
gluconeogenesis in hepatic cells in healthy mice [59]. It is
shown that the increase of insulin levels in diabetic mice is
connected with an increase in the expression of both insulin
and Glut-4 genes as well as a decrease in the functionality of
a-glucosidase [60]. PPAR-γ activation has been also
demonstrated for sage extract in vitro [61]. Sage's action as a
PPAR-γ agonist is crucial to this herb being helpful in
hyperlipidemia and Type-2 DM treatment [59].
The beneficiary actions of various plants such as Melissa
officinalis, are partly due to their effect in the expression of
genes in the liver which are targets of PPAR-a transcription
factors such as lipoprotein lipase, C-III apolipoprotein and
acetyl-CoA synthetase, which are actively involved in lipid
metabolism [7]. Melissa officinalis acts in NF-kB and PPARs
and contains various components such as rosmarinic acid,
which define Melissa officinali's action as an antioxidant and
anti-inflammatory factor [39]. Further molecular research of this
exact plant in db/db mice has shown an increase in hepatic
glucokinase and Glut4 expression as well as an increase in the
expression of Glut-4, PPAR-γ, PPAR-α and SREBP-1c genes
in adipose tissue. On the contrary, there was a decrease in the
expression of glucose 6 phosphatase and phosphoenolpyruvate
carboxykinase in liver tissue. The hypoglycemic action of
Melissa officinalis oil is related to increased intake and
metabolism of glucose in adipose tissue and liver and
decreased gluconeogenesis in the liver [8].
Rosmarinus officinalis extract activates both AMPK signaling
and PPAR pathways, thus regulating glucose and lipid
metabolism in HepG2 cells. It increases AMPK
phosphorylation and its substrate as well as acetylo-CoA
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carboxylase (ACC). In addition, the same extract takes part in
the transcriptional control of several genes which are involved
in metabolism, like SIRT1, PGC1a (Peroxisome proliferatoractivated receptor gamma coactivator 1-alpha), G6Pase, ACC
and LDLR. GW9662, a PPAR-γ antagonist, is shown to
decrease the effect of Rosmarinus officinalis in glucose
metabolism [3].
Lavender extract may exert an antihyperglycemic action
through an increase in plasma insulin action, insulin secretion
and insulin's detachment from its attached form [5]. The
beneficiary actions of Thymus vulgaris extract are possibly
related with its effects on plasma levels of nitrogen monoxide
and liver and kidney MDA [17].
According to the study of Aydin et al. in 2005, even small
quantities of Thymus vulgaris oil are capable of protecting
human lymphocyte DNA from various gene toxins [(2-amini3-methylimidazo [4,5-f]-quinoline (IQ), mitomycin C (MMC),
hydrogen peroxide] [62].
The normalization of glucose levels in diabetic mice is
appointed to the increase in AGEs inhibitors (Advanced
Glycation End) after the intake of Origanum majorana extract
[16]
. These exact inhibitors are used as a powerful and effective
cure of Type2 DM patients [16].
The antidiabetic action of Origanum vulgare has been related
to a decreased gluconeogenesis in the liver or an increased
glucose consumption from peripheral tissues, mainly muscles
and adipose tissue. The same paper appoints the hypoglycemic
action of Origanum vulgare to its various components, such as
flavonoids, alcohols, phenols and tyrpenies [18]. Furthermore,
the hypoglycemic action of Ocimum basilicum is appointed to
the inhibition of a-glycosidase and a-amylase [20].
A recent study suggests that the synergistic action of some
constituents of Chios Mastic Gum on PPARs, could be
considered as a main mechanism via which this spice exerts its
multiple effects [63] (Table 3).
Four stems of endophytic microorgansims which derive from
the root of Daucus carrota are capable of reducing the
carbonylic group in ketones both to enantiomeres and
diastereomers. These results show that endophytic organisms
take part in enantiomeric reduction of ketones and ketoesters
when somebody chews fresh pieces of Daucus carrota roots
[64]
(Table 2).
Conclusions
Although the use of medicinal natural products and the
classical medicine are recognized as two separate
philosophies, they may be combined with aim to promote the
prevention and control of the different pathological conditions.
In the antiquity, the use of plants and plant derived products as
medicines was based on the experience gained as the
knowledge on the exact cause of an illness or on the specific
properties of the plant components were scarce. Currently,
science emphasizes on the identification of the specific
biological properties of medicinal plants.
Some of these herbs and spices have been already extensively
studied as treatments against disorders of lipid and glucose
metabolism. It remains to further elucidate in more detail the
molecular mechanisms of their action in order to validate their
scientific accuracy and extent their use in the cure of different
pathological conditions.
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