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Abstract
Pain represents an unpleasant sensation linked to actual or potential tissue damage. In the early phase, the sensation of pain is caused
due to direct stimulation of the sensory nerve fibers. On the other hand, the pain in the late phase is attributed to inflammatory
mediators. Current medicines used to treat inflammation and pain are effective; however, they cause severe side effects, such as ulcer,
anemia, osteoporosis, and endocrine disruption. Increased attention is recently being focused on the examination of the analgesic
potential of phytoconstituents, such as glycosides of traditional medicinal plants, because they often have suitable biological activities
with fewer side effects as compared to synthetic drugs. The purpose of this article is to review for the first time the current state of
knowledge on the use of glycosides from medicinal plants to induce analgesia and anti-inflammatory effect. Various databases and
search engines, including PubMed, ScienceDirect, Scopus, Web of Science and Google Scholar, were used to search and collect
relevant studies on glycosides with antinociceptive activities. The results led to the identification of several glycosides that exhibited
marked inhibition of various pain mediators based on different well-established assays. Additionally, these glycosides were found to
induce most of the analgesic effects through cyclooxygenase and lipoxygenase pathways. These findings can be useful to identify new
candidates which can be clinically developed as analgesics with better bioavailability and reduced side effects.
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Abbreviations
AUC area under the curve
COX cyclooxygenase
ED50 50% effective dose
IC50 50% inhibitory concentration

i.p. intraperitoneal
i.v. intravenous
LOX lipoxygenase
LTs leukotrienes
MMP metalloproteinase
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PGs prostaglandins
PGE2 prostaglandin E2

PGI2 prostaglandin I2
p.o. per os
SDF salicylate derivative fraction
TPA 12-O-tetradecanoylphorbol-13-acetate
UDPGA uridine diphosphoglucuronic acid

Introduction

Pain represents an unpleasant sensation linked to actual or
potential tissue damage which results in the activation of
specific nerve fibers, transmitting the signal to the brain
where its conscious perception may be modified by vari-
ous factors [1]. The experienced discomfort sensation sig-
nals possible injuries to the body [1]. Various causes,
mostly associated with injury, can induce pain that ulti-
mately results in noxious stimulation of the sensory nerve
endings [1–3]. As reported by the International
Association of the Study of Pain, three different types of
pain have been identified [4], namely acute pain, chronic
pain, and cancer pain [5–7].

Acute pain, also known as nociceptive pain, is character-
ized by sharp, throbbing, or abrupt sensation [8, 9], which
mostly occurs as a physiological response to tissues damage
or trauma [10, 11]. This type of pain usually lasts for a short
period (up to 6 months) and terminates when the damage is
healed.

Chronic pain, also known as neuropathic pain [12, 13],
lasts for a long time (more than 6 months) and is the result
of damage and incorrect processing of the input signals by the
nervous system [14, 15]. The causes and mechanisms of
chronic pain are often unknown or complex, and dramatically
influences the patient’s quality of life by causing negative
psychological consequences, such as anxiety, anger, and de-
pression [16–18].

Cancer pain is a specific type of severe chronic pain
which is caused by a particular malignancy (e.g., pancre-
atic, head and neck cancer) or as an iatrogenic effect of
chemotherapy and radiotherapy (i.e., cisplatin-induced pe-
ripheral neuropathy) [19, 20]. The pain in the early stage
is the result of a direct stimulation of the sensory nerve
fibers. On the other hand, the pain in the late phase is
mediated by various inflammatory regulators, such as se-
rotonin, histamine, prostaglandins (PGs), and bradykinins
[21, 22].

Despite substantial progress in the field of treatment of
chronic pain and inflammatory diseases for the past de-
cades, including the validation of new druggable targets
(e.G. sigma and serotonin receptors) [23–27], these ail-
ments still represent one of the significant health burdens
of the world. Inflammation is linked to a complex array of

responses, including release of mediators, enzyme activa-
tion, extravasation and cell migration, tissue breakdown,
and repair. Current medicines used to treat inflammation
and induce analgesia possess severe adverse effects, in-
cluding gastric lesions caused by non-steroidal anti-in-
flammatory drugs, or tolerance and dependence caused
by opiates [20]. Moreover, these drugs are not always
effective in the management of inflammation and induc-
tion of analgesia; therefore, new analgesic drugs are ur-
gently needed [28]. As stated in a published report from
the World Health Organization, around 80% of the world
population still depend primarily on herbal remedies
[29–32]. Following this trend, researchers focused their
attention on the efficacy of constituents extracted from
plants used in the various traditional medicinal systems
which might exhibit useful bioactivities [33–38] and few-
er undesirable adverse effects as compared to synthetic
drugs. The scope of this review is to critically analyze
available literature on various medicinal plant-derived
glycosides with potential antinociceptive effects that
could be candidates in the discovery and development of
effective analgesic drugs in the future.

Overview of glycosides

Glycosides are organic molecules which can be isolated from
plant or animal sources. The enzymatic or acid hydrolysis of
the glycosidic bond of glycosides leads to release of one or
more sugar moieties together with non-sugar entities [39, 40].
The sugar moiety is called glycone, while the non-sugar por-
tion is referred to as aglycone or genin. Regarding O-glyco-
sides, glycosidic linkages are formed by the interaction of
hemiacetal (or hemiketal) group of the glycone and the hy-
droxyl group of the aglycone. Similarly, glycosides can be
l inked by N-, S- , or C-glycosidic bond to give
glycosylamines, thioglycosides, and C-glycosides, respective-
ly. This classification takes into account the type of glycosidic
bond. Alternatively, based on the aglycone portion, different
types of glycosides have been classified, for example,
triterpene glycosides, β-sistosterol, flavonoid glycosides,
iridoid, phenylpropanoid, anthraquinon glycosides,
kaempferol glycosides, and saponine [39, 40]. For saponins,
the aglycone moiety is called a sapogenin, whereas the
glycone part is commonly known as oligosaccharide. The
linkage of oligosaccharides to the sapogenin through one or
two glycosylation sites leads to the corresponding
monodesmosidic or bidesmosidic saponins. Similarly, the at-
tachment of the glycone to three sites give tridesmosidic sa-
ponins; however, these are rare [41, 42]. Emerging evidence
suggests that various glycosides have great therapeutic poten-
tial, including antifungal, anticancer, antiplatelet activities
[43–47].
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Glycosides as analgesic agents

A large number of structurally different glycosides, isolated
from different medicinal plants, showed in vivo analgesic ef-
fects and/or in vitro biological activities (Table 1). Quercetin-
3-O-(6-feruloyl)-β-D-galactopyranoside, a flavonoid glyco-
side, has been isolated from the aerial part of Polygounm
viscosum (Polygonaceae) [48]. The intraperitoneal (i.p.) ad-
ministration of this flavonoid glycoside showed statistically
significant analgesic activity in pain models as well as anti-
inflammatory effects in carrageenan-induced rat paw edema
model. At a dose of 50 mg/kg, quercetin-3-O-(6-feruloyl)-β-
D-galactopyranoside exhibited moderate analgesic activity as
compared to conventional drug morphine. On the other hand,
in a murine model of acetic acid-induced writhing, quercetin-
3-O-(6-feruloyl)-β-D-galactopyranoside at a dose of
50 mg/kg exhibited 23.3% effect, while the standard drug
acetylsalicylic acid displayed 64% effect [48]. It has been
reported that a triterpene glycoside-rich extract from the stem
bark of Cussonia paniculata showed significant analgesic ef-
fects as evidenced by the reduction in the number of writhes
compared with standard drugs, such as indomethacin and cy-
proheptadine, when administered through i.p. route [49].
Treatment with the aqueous extract of C. paniculate at 50,
100 or 200 mg/kg and indomethacin at 10 mg/kg i.p. caused
a significant decrease in licking time as well as frequency of
licking of the formalin-injected paw of rats. The extract at
50 mg/kg dose (i.p.) showed the highest analgesic activity
[49]. Similarly, rutin and quercetin were isolated from
Achillea millefolium extract and evaluated for their analgesic
activities [50]. In this study, rutin- and quercetin-rich extracts
were enaluated using the hot plate, writhing, formalin as well
as intestinal transit tests in order to justify their folk uses as an
analgesic, anti-inflammatory, and antispasmodic agents. As a
result, the crude extract of A. millefolium at a dose of 500 or
1000 mg/kg significantly inhibited abdominal contortions by
65% and 23%, respectively [50]. Furthermore, hydro-alcoholic
extract of aerial part of Artemisia vulgaris (Asteraceae) con-
taining rutin exhibited significant analgesic activity in writhing
test in mice by significantly reducing the number of contor-
tions. A. vulgaris extract at a dose of 500 or 1000 mg/kg
inhibited pain and inflammation by 48% and 59%, respective-
ly. However, these extracts did not affect the intestinal transit
and the response time in the hot plate test as well as the imme-
diate or late responses in the formalin test [50].

Backhouse et al. [51] reported the anti-inflammatory (in
paw- and ear-induced edema), analgesic (in writhing test)
and antioxidant property (based on inhibition of lipid perox-
idation, superoxide anion and xanthine oxidase) of Buddleja
globose extract which contained apigenin-7-O-glucoside,
luteolin-7-O-glucoside and verbascoside. Individually, β-si-
tosterol glucoside (0.1%), verbascoside (1.8%), apigenin-7-
O-glucoside (0.03%) and luteolin-7-O-glucoside (1.1%)

were isolated from the methanolic extract which exerted an-
algesic and anti-inflammatory effects (38.5% and 61.4%,
respectively), and was found to be active as a topical anti-
inflammatory agent in 12-O-tetradecanoylphorbol-13-
(TPA)-induced edema (56.7%) [51].

Rodriguez et al. [52] isolated pseudopterosin and seco-
pseudopteros in , two di terpene glycosides , f rom
Pseudopterogorgia elisabethae. Pseudopterosin exhibited sig-
nificant analgesic and anti-inflammatory effects by blocking
the release of eicosanoids through inhibition of thromboxane
B2 (50% inhibitory concentration, IC50 = 4.7 μM) and super-
oxide anion (IC50 = 11.2 μM) [52].

Another group of researchers isolated ilwensisaponin A,
ilwensisaponin C, ajugol, and picroside IV from the methano-
lic extract of the flowers of Verbascum pterocalycinum [53].
Ilwensisaponin A and C are saponin glycosides while ajugol
and picroside IV represent iridoid glycosides. Ilwensisaponine
A and C significantly inhibited abdominal contraction caused
by benzoquinone, without causing any toxicity or acute gas-
tric injury. Ilwensisaponin C had profound inhibition of TPA-
induced ear edema. In prostaglandin E1-induced hind paw
edema in mice, intravenous (i.v.) administration of picroside
at a dose of 100 mg/kg caused significant swelling thickness
inhibition during various assessment times. In mice with
carrageenan-induced hind paw edema, ilwensisaponine C at
a dose of 100 mg/kg showed higher activity as compared to
200 mg/kg. Ilwensisaponine C, at a dose of 100 mg/kg, mark-
edly attenuated the carrageenan-induced paw edema at vari-
ous application durations [53].

It has been found that harpagoside was the main iridoid
glycoside in aqueous extract of Harpagophytum procumbens
(Pedaliaceae) [54]. Harpagoside displayed significant analgesic
activity at 10 mg/kg in acetic acid-induced writhing test [54].

Kaemferol and kaempferol-3-O-glucoside were isolated
from the whole plant of Thesium chinense Turcz [55]. These
glycosides displayed considerable analgesic activity in acetic
acid-induced abdominal constriction test and also exhibited
significant anti-inflammatory activity in carrageenan-induced
hind paw edema and xylene-induced ear edema in experimen-
tal animals. Kaempferol at a dose of 50 and 100 mg/kg
showed 40.9% and 64.3% inhibition of writhing, respectively,
against acetic acid-induced nociception in mice. Kaempferol-
3-O-glucoside at a dose of 50 and 100 mg/kg caused writhing
inhibition of 30.50% and 20.50%, respectively, while aspirin
(positive control) at a dose of 100 mg/kg showed 87% inhibi-
tion [55].

Kaempferol-3-O-[α-L-rhamnopyranosyl(1→ 6)-β-D-
g l u c opy r a n o s i d e ] a n d k a emp f e r o l - 3 -O - [β -D -
glucopyranoside] were extracted from the leaves of
Hedyosmu bonplandianum (Chloranthaceae). The n-butanol
extract, containing these glycosides, at a dose of 100 and
140 mg/kg, exhibited substantial analgesic activities in mice
by reducing the number of stretching and writing after
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injection of an acetic acid solution [56]. Moreover, morphine-
like analgesic activity was determined using the hot plate test.

Researchers have isolated haypolaetin-8-glucoside from
Sideritis mugronensis,which possessed significant analgesic ac-
tivity based on pressure pain threshold test in rats [57].
Haypolaetin-8-glucoside also displayed considerable anti-
inflammatory activity when tested in the acute phase of
carrageenan-induced inflammation model. This flavonoid gly-
coside was found to be superior to phenylbutazone in blunting
the acute phase of carrageenan-induced inflammation, but was
less effective during the prolonged inflammatory stage.
According to the results, hypolaetin-8-glycoside possesses a
combination of anti-inflammatory and antiulcer properties, sug-
gesting that it or its derivative may be useful therapeutic agent,
such as aspirin, for the treatment of inflammatory disorders [57].

Choi et al. [58] isolated syringin using activity-guided frac-
tionation of the ethyl acetate extracts of the stem bark of
Magnolia sieboldii. Syringin showed significant analgesic ac-
tivity in acetic acid-induced writhing test and hot plate test.
Moreover, sinapyl alcohol, the hydrolysate of syringin, at a
dose of 20 or 30 mg/kg/day showed significant anti-
inflammatory activity by inhibiting the increase of vascular
permeability by acetic acid in mice and reducing acute paw
edema induced by carrageenan in rats. Therefore, sinapyl al-
cohol resulted more potent analgesic activity than syringin.
Thus, the authors speculated that the higher anti-
inflammatory and antinociceptive effects were due to the
in vivo transformation of syringin into sinapyl alcohol [58].

Kaempferol-3,7-O-α-dirhamnoside and quercetin-3,7-
O-α-dirhamnoside, isolated from the leaves of Tilia argentea
(Tiliaceae), showed analgesic activity based on p-benzoqui-
none-induced writhing test, and anti-inflammatory effect in
the carrageenan-induced hind paw edema in mice. These
two compounds displayed significant antinociceptive and
anti-inflammatory properties at a dose of 50 mg/kg, and these
effects were not associated with any acute toxicity or gastric
damage [59].

When pectolinarin (isolated from Cirsium subcoriaceum)
and linarin (extracted from Buddleia cordata) were tested for
antinociceptive effect in the acetic acid-induced writhing test
in mice, the compounds caused a marked dose-dependent
pain-relieving effect with 50% effective dose (ED50) of
28.44 and 89.0 mg/kg, respectively [60].

The antinociceptive effect of carumbelloside–I, a pregnane
glycoside isolated from Caralluma umbellate, was evaluated
[61]. In vivo studies in mice showed that carumbelloside–I
significantly reduced abdominal constriction inflicted by acetic
acid in a dose-related fashion, with maximum protection of
55.7% at a dose of 10 mg/kg when administered orally [61].

Several known glycosides isolated from Sedum
dendroideum have showed varying degrees of antinociceptive
effect when tested at 10 mg/ml (per os, p.o.) for inhibition of
the abdominal acetic acid-induced writhing in mice. The

effects of oral administration of flavonoids were as follow:
kaempferitrin displaying 47.3% inhibition, kaempferol 3-
O-β-glucopyranoside-7-O-α-rhamnopyranoside showing
25.7% inhibition, kaempferol 3-O-neohesperidoside-7-O-α-
rhamnopyranoside registering 60.2% inhibition, and
kaempferol 7-O-α-rhamnopyranoside inducing 58% inhibi-
tion [62].

Zhang et al. [63] investigated the analgesic and anti-
inflammatory properties of a salicylate derivative fraction
(SDF) isolated from Gaultheria yunnanensis. Methyl salicy-
late 2-O-β-D-xylopyranosyl (1→ 6) β-D-glucopyranoside
(gaultherin) was identified as the major constituent of SDF.
The SDF exhibited a significant inhibition of carrageenan-
induced hind paw edema in rats (at 200 or 400 mg/kg, p.o.)
and croton oil-induced ear swelling in mice (200, 400 or
800 mg/kg, p.o.). Additionally, SDF (400 or 800 mg/kg,
p.o.) inhibited only the second phase (inflammatory) in the
formalin test and exhibited minimal effect in the hot-plate test
in mice. The same research group also evaluated the analgesic
and anti-inflammatory potential of gaultherin [64]. The results
indicated that gaultherin (200 mg/kg) significantly suppressed
the abdominal contractions in the acetic acid-induced writhing
test in mice. Additionally, the anti-inflammatory effect of
gaultherin was demonstrated in the croton oil-induced ear
edema model in mice. These results also revealed that
gaultherin produced comparable effects to that of aspirin [64].

In another study, a fraction from the leaves of
Rhododendron aureum was extracted and led to the isolation
of a glycoside named rhododendrin. Subsequently, in vivo
studies showed that rhododendrin caused a significant analge-
sic effect on the acetic acid-induced writhing test in mice at
various doses after oral administration [65].

More recently, Wang et al. [66] isolated two glycosides,
namely sacroroside A and B, from the ethyl acetate fraction
Artemisa sacrorum. These two flavone C-glycosides elicited
marked analgesic effects at various test doses (30 and
40 mg/kg, p.o.) in rats [66].

Analgesic mechanisms of plant glycosides

The analgesic effects of plant glycosides have been demon-
strated with several proposed mechanisms of action. For in-
stance, rutin, quercetin, luteolin, and triterpenoid glycosides
exhibited anti-inflammatory activities through inhibition of
cyclooxygenase (COX) and lipoxygenase (LOX) pathways
which are involved in the production of inflammation-
mediating agent, namely prostaglandin E2 (PGE2), from ara-
chidonic acid (Fig. 1) [49, 67]. The enzyme COX is known to
convert arachidonic acid to prostaglandin H2 which is subse-
quently converted to various active metabolites. For instance,
thromboxane A2 is a potent vasoconstrictor which stimulates
platelet aggregation. Likewise, prostaglandin I2 (PGI2), also
known as prostacyclin, is expressed in the vascular
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Table 1 Analgesic activities of glycosides isolated from medicinal plants
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endothelium and suppresses platelet aggregation. Both PGE2

and PGI2 are potent vasodilators which cause elevated blood
flow in inflamed tissues to stimulate pain and inflammation in
the localized area. Furthermore, verbascoside and luteolin-7-
O-glucoside inhibited oxidative stress mediators, such as super-
oxide anion and lipoperoxides. In particular, the in vitro anti-
inflammatory effect of luteolin-7-O-glucoside was achieved by
the inhibitory effect on activated human neutrophils. Similarly,
luteolin-7-O-glucoside also showed a vital inhibitory effect on
matrix metalloproteinase-2 (MMP-2) and MMP-9 and this ef-
fect may contribute to its modulating influence on the extracel-
lular matrix degradation and remodelling. Moreover, luteolin
exhibited a decrease of lipopolysaccharide-induced COX-2 ex-
pression and completely suppressed the formation of PGE2
[51]. Indeed, luteolin glucoside displayed a significant suppres-
sion of the synthesis of leukotriene as well as thromboxane and
consequently produced anti-inflammatory activity.

Verbascoside was found to exert inhibitory influence on
histamine- and bradykinin-induced contractions with resultant
anti-inflammatory activity. The results also revealed an inhibi-
tion of nitric oxide release in lipopolysaccharide-exposed cells
in parallel with suppression of inducible nitric oxide synthase
and anti-inflammatory properties [18, 51].

Quercetin glycoside showed a potent anti-inflammatory
action on exudative and proliferative phases of inflammation
[68]. Leukotriene B4, a potent chemotactic mediator for the
polimorphonuclear leukocytes, is produced by lipoxygenase,
an enzyme which is very sensible to steroidal anti-
inflammatory drugs, such as dexamethasone. Finally, several
glycosides inhibited the synthesis of leukotriene, showing the
potential to function as anti-inflammatory drugs [69].

The mediators of COX cascade as well as the function of
prostaglandins in the inflammatory response and body ho-
meostasis have been studied widely [70]. Besides,
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leukotrienes, the second major family of arachidonic acid de-
rivatives, are synthesized by the action of 5-LOX that plays a
significant role in the inflammatory pathway [70]. It is also
observed that constitutive expression of COX-1 is implicated
in homeostatic processes, whereas its isoform COX-2 plays a
vital role in the inflammatory process and associated pain
sensation; however, the precise contributions of two COX
isoforms towards various pathophysiological processes is still
not clearly understood. COX-2 is known to be induced during
the resolution of an inflammatory response with subsequently
production of anti-inflammatory and not pro-inflammatory
PGs [71]. In fact, cellular infiltration and edema were noticed
for longer periods in COX-2-deficient mice than in wild-type
mice, suggesting that COX-2 may have an important role
during the resolution phase of inflammation [72].

Leukotrienes (LTs) are synthesized via the action of 5-LOX
which plays a significant role in the inflammatory process [73];
however, this enzyme needs the presence of 5-LOX activating-
protein in intact cells [74]. Likewise, although analgesic glyco-
sides inhibit 5-LOX activity in intact human leucocytes, these
agents were unsuccessful in inhibiting the enzyme activity in
broken cells [74]. This result might be attributed to the ability of
glycosides to block surface-associated LOX. The final and bi-
ologically active metabolites of the 5-LOX cascade are LTB4
and cysteinyl LTs (e.g., LTC4, LTD4, and LTE4). The cysteinyl
LTs are recognized as slow-reacting substances associated with
anaphylaxis and originated from the unstable intermediate
LTA4 [75]. LTB4 is also known to be a potent stimulator of
leucocyte activation, and it has been shown that adhesion of
cells to vascular endothelium leads to elicit chemokinetic as
well as chemotactic effects [76].

During short-term exposure to LTB4, polymorphonuclear
leukocytes are largely recruited, whereas during protracted
exposure, their presence is located in tissues and exudates
[77]. Furthermore, LTB4 is implicated in the pathogenesis of
numerous inflammatory disorders as well. Experimental

evidences support that LTs stimulate the synthesis and release
of proinflammatory cytokines from macrophages and lym-
phocytes [78, 79].

Pain accompanies tissue disruption in a normal healthy
individual, and the intensity of such pain varies depending
on the nature of trauma, the healing process and various other
host immune factors. Pain mediators or analgesics are those
compounds which mediate the decrease in sensation of pain.
Thus, various pain mediators may have promoting effects on
wound healing in the short term [80, 81]. Treatment of pain
involves addressing various inflammatory mechanisms in-
volving the direct participation of cytokines and other immune
molecules. These molecules generate inflammation which in
turn mediated formation of the wound and localized pain [81,
82]. Glycosides discussed in the present review have potential
analgesic and anti-inflammatory effect; thus, these com-
pounds may act as pain mediators. It can be summarized that
COX inhibition may act through a shunt pathway of the ara-
chidonic acid metabolism in the direction of the leukotriene
pathway to normalize inflammation and sensation of pain.

Bioavailability of flavonoid glycosides

The potential beneficial impact of flavonoid glycosides on
human health has been the focus of various medicinal inter-
ests. Based on prior studies, the disposition of these glycosides
may be dependent on the sugar moiety of the glycoside or the
plant matrix. In the case of quercetin, two isolated quercetin
glycosides were administered to 12 healthy volunteers in a
four-way crossover study. Interestingly, only quercetin glucu-
ronides, but no free quercetin, were detected in human plasma.
A notable variation in the bioavailability and pharmacokinetic
parameters among quercetin glucosides was observed. Peak
plasma concentrations of 2.3 ± 1.5 μg/mL and 2.1 ± 1.6 μg/
mL (mean ± SD) were noted after 0.7 ± 0.2 h and 0.7 ± 0.3 h
of administration, respectively. However, following

Fig. 1 Analgesic mechanisms
mediated by various plant
glycosides
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administration of rutin, peak plasma levels were higher despite
the higher dose. Peak plasma concentrations were reached at
7.0 ± 2.9 h after administration of rutin with an elimination
half-life of 11 h. From the data mentioned above, it can be
stated that the disposition of quercetin in humans primarily
depends on sugar moiety [83–87].

Other investigators have evaluated the bioavailability of
luteolin in Caco-2 cells as well as rats using HPLC and LC-
MS. Following oral administration of 22.8 and 58.3 μmol/kg
of luteolin and luteolin-7-O-glucoside, respectively, to rats,
luteolin and luteolin monoglucuronide were detected in the
plasma. The plasma concentration was highest (0.76 ±
0.27 μM) after 1 h administration [85–87].

Another research group has investigated the pharmacoki-
netic parameters of harpagoside in an open, single-dose,
two-treatment, two-period, randomized cross-over study.
Six horses received a single dose (5 mg/kg) of harpagoside
and following 7 days washout period, a second dose
(10 mg/kg) of harpagoside was administered through naso-
gastric tube. Subsequently, plasma samples at various time
intervals (before and 24 h following administration) were
collected, and it was observed that harpagoside could be
detected up to 9 h following administration. Moreover,
Cmax was found to be 25.59 and 55.46 ng/ml, T1/2 at 2.53
and 2.32 h, respectively, and Tmax at 1 h in both studies. The
area under the curve (AUC) was found to be 70.46 and
117.85 ng-h/ml, respectively. Additionally, distribution was
259.04 and 283.83 L/kg and clearance was 70.96 and
84.86 L/h/kg, respectively. Based upon the experimental re-
sults, a proportional relationship among dose, Cmax and
AUC was established. Interestingly, no adverse effects were
observed in horses with harpagophytum extract treatment
[88, 89].

In an attempt to determine the bioavailability of kaempferol
in rodents, hepatic and small intestinal microsomes fortified
with either NADPH or uridine diphosphoglucuronic acid
(UDPGA) were incubated with various concentrations of
kaempferol for a period up to 120 min. Based on the values
of the kinetic constants (Km and Vmax), the propensity for
UDPGA-dependent conjugation as compared to NADPH-
dependent oxidative metabolism was found to be greater for
both hepatic and small intestinal microsomes. In another ex-
periment, rats were treated with kaempferol via i.v. (10, or
25 mg/kg) or oral (100 or 250 mg/kg) route. The investigators
observed gastro-intestinal first pass effect based on analysis of
portal blood collected following oral administration of
100 mg/kg kaempferol. In case of i.v. route, the plasma
concentration-time profiles for 10 and 25 mg/kg doses were
in line with a high clearance (~ 3 L/h/kg) and large volumes of
distribution (8–12 L/kg). Moreover, the disposition was rep-
resented by a terminal half-life value of 3–4 h. Following oral
administration, the plasma concentration-time profiles exhib-
ited rapid absorption (tmax ~1–2 h). Interestingly, the AUC

values following i.v. and oral administrations elevated propor-
tionally to the dose. Another observation was poor bioavail-
ability at ~2%. Analysis of portal plasma following oral ad-
ministration indicated low to moderate absorption. Generally,
the low bioavailability of kaempferol was ascribed, at least in
part, to substantial first-pass metabolism via glucuronidation
and other metabolic pathways in the gastro-intestinal tract and
the liver [90–93].

In the case of syringin at a dose of 100 g/kg, the max-
imal plasma glucose lowering activity in Wistar rats re-
ceived treatment was about 22.62 ± 2.13% after 60 min. It
has been observed that syringin failed to modulate inflam-
mation in normal rats 60 min following an i.v. injection;
however, an anti-inflammatory effect could be achieved
after 90 min [94–96].

All these preliminary bioavailability data support that gly-
cosides can reach plasma level slowly, and they can execute
their pharmacological effects gradually.

Future perspective

One of the major goals in the development of analgesic drugs,
other than efficacy and potency, is to avoid undesired effects
on the gastrointestinal tract [97] due to the high risk of induc-
ing gastric ulceration associated with the chronic use of certain
analgesics. Thus, the development of alternative synthetic an-
algesics with lower ulcer-inducing effects is a significant chal-
lenge [98, 99]. On the other hand, the search for new active
plant-based compounds with a superior safety profile is an
area of intense research worldwide [100, 101]. Indeed, in re-
cent times, the computational techniques applied to the drug
discovery processes have further supported the characteriza-
tion of ulcer-free analgesic agents from medicinal plants
[102]. Additionally, different type of novel pharmaceutical
approaches and formulations are also used to find solutions
of these problems [15, 103]; however, often these strategies
are not successful in resolving the side effects related to clin-
ically used analgesics.

Among the compounds reviewed in this work, the flavo-
noid glycosides, such as kaempferol-3,7-O-α-dirhamnoside
and quercetin-3,7-O-α-dirhamnoside from Tilia argentea, ex-
hibited considerable analgesic effect without acute toxicity
and adverse gastric effects at the tested doses [59].
Unfortunately, as in the case of other natural polyphenols,
the overall low bioavailability and the rapid metabolism of
these derivatives might limit their use in vivo. For these rea-
sons, the incorporation of plant glycosides into various deliv-
ery systems, such as liposomes, polymeric and lipid nanopar-
ticles as well as the conversion into prodrugs to improve their
physicochemical properties, might represent a valuable ap-
proach [104, 105]. Further studies on these and other active
molecules are needed to ascertain their potential applications.
Besides, the acute and chronic safety profiles for most of these
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compounds should be further evaluated in order to facilitate
the potential clinical uses of such compounds.

Conclusion

Based on studies presented here, a broad range of glycosides
extracted from medicinal plants showed potential anti-
inflammatory and antinociceptive effects towards different
in vitro and in vivo models, respectively. Although a large
number of pieces of evidence supporting the folkloric use of
plant extracts to treat pain or associated disorder are available,
we need to explore their full characterization, the toxicological
profile and the drug-drug interaction. Moreover, the lack of
studies regarding metabolic stability and the pharmacokinetic
profile for various natural products might limit their further
clinical development. On the other hand, the identification and
characterization of new natural agents with an interesting
pharmacological profile is still an attractive and successful
approach in modern drug discovery. In this context, phyto-
chemicals and plant extracts are attracting more and more
attention for their potential uses as analgesic agents due to
their ability to modulate specific biochemical pathways in-
volved in the inflammatory and analgesic response (e.g.,
COX and LOX pathways). As reported in this review,
triterpene glycosides, β-sitosterol glycosides, flavonoid glyco-
sides, saponin glycosides, iridoid glycosides, pregnane glyco-
sides, phenylpropanoid glycosides, and kaempferol glyco-
sides, displayed promising biological activity. We may con-
clude that glycosides from medicinal plants might represent
valuable pharmacological tools to develop new analgesic drug
candidates.
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