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Abstract

attributable to this plant.

Embelia ribes are traditionally used medicinal remedies in India. Embelin is a hydroxyl benzoquinone with alkyl
substitution and is considered as one of the main constituents. Embelin has various biological activities includes
anticonvulsant, antidepressant, antidiabetic, antifertility, antitumor etc. This review is an overall overview of the
existing pharmacology of E. ribes, helping to fuel further research in the various unexplored activities that are
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Introduction

Berries of Embelia ribes are used for various traditional medicinal
remedies in India. Embelin is a natural hydroxy benzoquinone with
alkyl substitution and is considered as one of the main constituents of
plant Embelia ribes (family: Myrsinaceae) [1,2]. Embelin is known to
possess various biological activities which mainly include anxiolytic,
anticonvulsant,  antidepressant, antidiabetic, wound healing,
anthelmintic, antimicrobial, antitumor, chemopreventive, antioxidant,
antifertility etc. It has also found a valuable role in different diseases
like Huntington disease, myocardial infarction, acute respiratory
distress syndrome and ulcerative colitis.

Embelia ribes Burm., a plant of climber in nature, which belongs to
the Myrsinaceae family. A large, scandent climber with long slender,
flexible, terete branches; bark studded with lenticels. Leaves are simple,
alternate, elliptic-lanceolate, gland-dotted, short and obtusely
acuminate, entire, shiny above. Flowers are small, white or greenish, in
both terminal and axillary panicles. Fruits are globose, wrinkled or
warty, dull red to nearly black, a short pedicel often present usually
one-seeded and globose (Figure 1).

Figure 1: Picture of Embelia ribes.

The main parts of plants used include fruits (berries), roots and leaf,
to cure various diseases. Chemically, embelin is C;;HpcO4 and is
written as 2, 5-dihydroxy-3-undecylcyclohexa-2, 5-diene-1, 4-dione
according to IUPAC nomenclature. It has molecular weight equivalent
to 294.38594 g/mol (Figure 2).
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Figure 2: Chemical structure of Embelin.

Biological activities

Embelin as anxiolytic: Among various psychiatric disorders, anxiety
is one of the most common disorder [3,4]. It constitutes a considerable
public health burden. Recent epidemiological evidence suggests that it
is much more widespread than traditional belief, influencing up to half
of the general population [5]. Gupta et al. described that embelin
expressed significant activity in light and dark model, elevated plus
maze and open field test induced anxiety models, thereby proving its
anxiolytic potential in Figure 3.
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Figure 3: Biological Activities of Embelin.

Anticonvulsant activity

The prevalence of epilepsy in developed countries is about 50 per
100, 000 while that of developing countries is 100 per 100, 000.
Currently available antiepileptic drugs are synthetic molecules related
with numerous side effects and about 30% of the patients continue to
have seizures with this treatment [6,7]. Safety against Hind Limb Tonic
Extension (HLTE) in MES (Maximal Electro Shock) predicts the
potential of a sample to check the spread of seizure release from the
epileptic focus in brain and suppressing generalized tonic-clonic and
partial seizures [8]. The dose dependent blockage of HLTE, decrease in
the time taken for stupor, a complete eradication of extension and fast
onset of stupor has been observed by embelin which indicates its
antiepileptic activity. Embelin has also been found to exhibit significant
and dose dependent delayed onset of clonic-tonic actions and
protection from PTZ induced mortality. However, it may be interfering
with GABAergic mechanism to exert its anticonvulsant effect [9].

Effect of embelin against acute respiratory distress syndrome

Pulmonary neutrophilia is a firm finding in human Adult
Respiratory Distress Syndrome (ARDS) and in Chronic Obstructive
Pulmonary Disease (COPD) which is mainly distinguished by airway
hyper-reactivity, poorly reversible airflow obstruction, presence of
pulmonary fibrosis, mucus hyper secretion, tachypnea and dyspnea on
exertion [10,11]. Lipopolysaccharide (LPS) is a cell wall constituent of
gram-negative bacteria which is ubiquitous in the environment and is
commonly used to set up the experimental model of ARDS [12,13].
LPS administration through intratracheal to rats leads to an increase in
pulmonary vascular permeability leading to neutrophil migration into
the air spaces [14]. In spite of advancement in treatment approaches
ARDS is still integrated with substantial mortality with an
approximates ranging from 26% to 58% [15,16]. Consequently, the
need remains for medications that are safer and equally or more
effective. The present study revealed that pre-treatment with embelin
significantly ~attenuated LPS-induced acute respiratory distress
syndrome in rats, which is possibly linked with inhibition of albumin,
protein level, MPO activity and inflammatory cell recruitment in BAL
fluid. In addition embelin also prevented TNF, NO over production
and improved lung histology decreasing infiltration of inflammatory
cells. The protective effect might be related with the inhibition of
overproduction of pro-inflammatory mediators. These experimental

results suggest that embelin is a potential therapeutic anti-
inflammatory compound for ARDS therapy.

Role of embelin in Huntington’s disease (HD)

Huntington’s disease is a progressive neurological disorder which is
mainly characterized by clinical triad movement disorder, dementia
and psychiatric disturbance due to striatal-specific neuronal
degeneration [17,18]. Although the exact cause of neuronal death in
HD remains unknown, it has been postulated that the abnormal
aggregation of the mutant huntingtin protein may cause toxic effects in
neurons leading to a cascade of pathogenic mechanisms associated
with transcriptional dysfunction, oxidative stress, mitochondrial
alterations, apoptosis, bioenergetic defects and subsequent
excitotoxicity [19]. HD patients often exhibit deficits in executive tasks
which mainly require planning, cognitive flexibility and problem
solving. HD possesses challenges for health and social care
professionals due to its complexity and unpredictability. With an
incidence of 2-10 per 100,000, HD afflicts 30, 000 people in USA and
another 250, 000 persons are genetically at risk [18].

Several animal models exists for HD such as stereotactic injection of
kainic, quinolinic and ibotenic acids into specific region of the brain,
but systemic administration of 3-nitropropionic acid (3-NP) is the
recent and most popularly used [20,21]. 3-NP crosses the blood-brain
barrier and at cellular level it is an irreversible inhibitor of the electron
transport enzyme succinate dehydrogenase (SDH). It is a
mitochondrial complex II enzyme responsible for the oxidation of
succinate to fumarate in Krebs cycle. Subsequently it blocks the
transport of electrons in oxidative phosphorylation causing decreased
ATP levels in brain. It affects normal brain electrical activity and
oxidative stress has been suggested to play a role in 3-NP toxicity.
Neurons are considered to be highly active metabolically and therefore
processes that affect the mitochondrial function invariably leads to
neuronal death [22,23]. Thus, a major factor involving 3-NP toxicity
could be mainly because of cellular and mitochondrial stress [24].
Accumulating data indicates that 3-NP produces free radicals and
consequent disturbance of glutathione redox cycle [25]. The
inflammation associated with 3-NP, also acts as a contributing factor
for neuronal damage and further free radical generation [23]. In
addition to striatum which is the major site of toxicity, 3-NP also
causes severe damage to the neurons present in other regions of brain
like hippocampus, cortex and hypothalamus [26]. Dhadde et al
demonstrated that embelin normalized the altered behavioral,
biochemical and histopathological parameters in 3-NP treated rats,
suggesting its neuroprotective efficacy. The possible mode of protection
may be due its antioxidant properties. However, further research is
warranted to elucidate the specific mechanisms involved.

Anti-depressant action of embelin

According to WHO, 1999, Depression is a common disorder that is
projected to become the second biggest contributor to the global health
problem and disability by the year 2020. There is now an ever
increasing rate of depression-related death both by suicide and due to
the associated physical/physiological disorders [27]. The primary
symptoms of depression are unhappiness, low mood or reduced
interest. Most of the today’s antidepressant therapies have limitations
due to either their inadequate efficacy over prolonged usage or
unwanted side effects.
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The major bioactive constituent of Embelia ribes is embelin, was
found to possess significant activity in mice TST and FST experimental
models. The observed potent activity at doses lower than the standard
antidepressant drug, imipramine, suggests the potential of embelin and
Embelia ribes for treating mental depression. Future studies are
required to ascertain the exact mechanism (s) of action of embelin’s
antidepressant-like effects.

Anti-diabetic potential

Diabetes is a major endocrine disorder causing morbidity and
mortality worldwide. The problem of diabetes is mostly prominent to
India, as several studies have clearly documented an increased ethnic
susceptibility to diabetes in migrant Asian Indians [28,29]. Recent
epidemiological studies have pointed to the growing epidemic of
diabetes in India [30]. Indeed, according to the recent Diabetes Atlas
produced by the International Diabetes Federation (IDF), India is
home to the largest number of people with diabetes in the world, 40.9
million diabetic subjects in 2007 and these numbers are predicted to
increase to 69.9 million by 2025 [31]. Diabetes mellitus is a
heterogeneous group of disorders characterized by chronic
hyperglycemia, polyurea, polydipsia, polyphagia, emaciation and
weakness due to disturbance in carbohydrate, fat and protein
metabolism and directly related to absolute or relative deficiency in
insulin secretion and/or insulin action [32,33]. Diabetes is fast turning
out to be the epidemic of the 21st century. Type 2 Diabetes Mellitus
(T2DM), non-insulin dependent diabetes, is more prevalent (more
than 90% of all diabetes cases) and the main driver of the diabetes
epidemic, now affects 59% of the world’s adult population in
developing countries [34].

Diabetes is induced by various models in rats to study the effect of
embelin. The models which are used to induce diabetes are alloxane
induced diabetes, streptozotocin-induced diabetes, lithium-induced
nephrogenic diabetes insipidus. It is a type of diabetes insipidus,
manifested by a lack of response of the collecting duct to circulating
Anti-Diuretic Hormone (ADH) and cause frequent and excessive
urination.

The present study demonstrated that the treatment of diabetic rats
with embelin have exerted a considerable hypoglycemic effect. In
addition, embelin could ameliorate the impaired renal function,
inhibition of liver damage and resemble of islets of pancreas associated
with alloxan diabetes. It is an ideal lead molecule for further
antidiabetic drug development due to its safety and efficacy. It has also
been found that embelin treatment reduced the elevated plasma
glucose, lipid profile, ameliorated oxidative stress and inhibited
intracellular pro inflammatory mediators in HFD+STZ induced
diabetic rats. Moreover, further results indicate that pro-inflammatory
mediators and oxidative stress may be major triggering factors in type
2 diabetes mellitus. The therapeutic properties of embelin may be
useful as bio-modulator or adjuvant and can be combined with
clinically effective anti-diabetic agents. With the use of such adjuvants
in clinical medicine, some of the side effects observed on chronic
treatment of anti-diabetic drugs can be markedly reduce. Ethanolic
extract of E. ribes has potential for its evaluation as a protective agent
against toxicity induced by streptozotocin.

Embelin exhibited insulin sensitizing effect through adipose tissue
specific partial agonism of PPARy and activated glucose transport
through translocation and activation of GLUT4 mediated by insulin
dependent PI3k/p-Akt pathway in epididymal adipose tissue. It also
protected P-cells by scavenging free radicals and alleviated

dyslipidemia in insulin resistant animal model. This drug can be
considered useful in the prevention and treatment of obesity related
T2DM. However, it seemed to be effective in NDI by its predominant
effect on promoting antioxidant status and decrease the urine
excretion may be due to the blocking of sodium channels.

Ulcerative colitis (UC)

Inflammatory bowel diseases (IBD), Crohn's disease and Ulcerative
Colitis (UC) are chronic, relapsing, remitting gastrointestinal (GI)
diseases characterized by chronic inflammation of the intestine
[35-38]. UC and Crohn's disease are associated with intestinal and
extra intestinal clinical manifestations of disease, which include weight
loss, diarrhea accompanied by blood and/or mucus, fever, gastric
dysmotility and shortening of the colon [39,40]. The pathogenesis of
IBD remains unclear, but is mainly related to the imbalances between
various pro-inflammatory cytokines such as, tumor necrosis factor
(TNF-a), interferongamma (IFN-y), interleukin-1 (IL-1), IL-6 and
IL-12 and anti-inflammatory cytokines, such as IL-4, IL-10, IL-11, are
believed to play a central role in modulating inflammation [41].
Experimental colitis was induced by giving mice drinking water ad
libitum containing 5% (w/v) DSS for 7 days. Results of this study
suggested the potent anti-inflammatory effects of embelin in DSS-
induced colitis model. It is mediated via the inhibition of pro-
inflammatory mediator production. Furthermore, embelin was found
to have better therapeutic effects than 5-ASA, which is currently used
to treat IBD. However, further studies are required to elucidate the
mechanism responsible for therapeutic effects of embelin.

Wound healing activity

Healing of wound is a complex cellular event by which injured tissue
repaired as steadily as possible to its normal stage. The healing process
depends upon the curable abilities of the tissue, the type and degree of
injury and natural environment of health of the tissue [42]. It is a
physiological feedback to the tissue injury that results in the
restoration of injured tissue by living tissue and thus restoration of
tissue integrity. Wound repair mechanism occurs by four basic
processes such as inflammation, wound contraction, epithelialization
and granulation tissue formation. Inflammation outset promptly after
the interruption of tissue integrity. The platelets became adherent with
clotting factors and form haemostatic plug to prevent bleeding from
the vessels. The prostaglandins (PGE1 and PGE2) are discharged in the
inflammatory area and suggest to be the final mediators of acute
inflammation and may play a haemostatic role for leukocytes and
fibroblasts. The active ambulatory leukocytes migrate into the wound
and start engulfing cellular debris, at the introductory stages
contraction of wound begin slowly and turn into speedy after 3 to 4
days. The myofibroblasts which is present in the margin of wound,
emerge to establish the machinery for the wound contraction. These
are liable for overlaying debris. The epithelialization of wound is
mostly carried out by proliferating and migrating marginal basal cells
which are lying close to the wound margin. The hematoma present
inside the wound can be replaced by granulation tissue consisting of
new capillaries and fibroblasts. The fibroblasts are most likely
responsible for production of the mucopolysaccharide ground
substance. The lymphatics develop new nerve fibres along with the
formation of scar tissue in which collagen turn over increases. The
ethanolic extract of Embelia ribes tends to augment the formation of
collagen fibres. At last, the breaking strength of the wound increases
according to the increase of collagen content. Morton and Malone
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explained wound closure and time of epithelialization in a way that
rats were inflicted with excision wound [43] under light ether
anesthesia. The skin of the impressed area was excised to full thickness
on the dorsal thoracic region of the rats to obtain a wound area of
about 500 mm?. The drugs were applied topically on a daily basis till
the complete epithelialisation has resulted. The wound closure was
calculated at regular intervals to see the percentage of wound closure
and epithelialization time. The results indicated the formation of new
epithelial tissue which was covering the wound. The period of
epithelialisation was given by the number of days required for
deteriorating of the scar without any residual of the raw wound.
Ehrlich and Hunt described incision wound model [44] consisting of 6
cm long paravertebral incisions which were made through full
thickness of the skin on either side of the vertebral column of the rat.
The incision was carefully done with at least 1 cm lateral to vertebral
column. The wounds were left undressed and drugs were applied
topically to the wound once a day, till complete healing had resulted.
The skin breaking strength of the 10-day-old wound was measured by
continuous constant water technique as explained by Lee and Tong.
The skin breaking strength is expressed as the minimum weight (in
grams) of water required to bring about the gapping of the wound.
Significant wound healing activity was most commonly observed in
animals treated with ethanolic extract and embelin. The histology of
granulation tissue for animals treated with embelin revealed complete
healing with more of fibroblasts within marked increase of collagen
tissue and increased number of blood vessels.

Anthelmintic activity

Helminthes infections is one of the most widespread infections in
humans, covering a huge population around the world. Although the
majority of infections caused due to helminthes are generally restricted
to tropical regions and results in enormous health hazard contributing
to the prevalence of undernourishment, anemia, eosinophilia and
pneumonia among various individuals [45,46]. Parasitic diseases
affects population prominently in endemic areas causing brutal
morbidity [47]. The foremost problem in treatment of helminthes
diseases is that the gastro-intestinal helminthes generally becomes
resistant to currently available anthelmintic drugs [48].

Anthelmintics are basically the drugs that tend to eliminate parasitic
worms (helminths) from the body, by either inhibiting or killing them.
They are also referred as vermifuges or vermicides [49]. Honiberger
[50] along with other scientist described Embelia ribes as an essential
vermifuge. Watt [51] explained the additional power of powdered
seeds (E. ribes) in curdled milk in combination with castor oil which
tends to fasten the eradication/expel of tapeworms. According to Ved
Prakash and Mehrotra [52], E ribes is considered as one of the
important herbs among the fifty-two Indian traditional herbs
responsible for anthelmintic activity. Furthermore, herbal monographs
(of M/s Himalayan Drugs Company, Bengaluru) suggested that
embelin is primarily effective against tapeworm and not roundworm
or hookworm. The nematocidal activity of embelin has been explained
by Mojumder and Mishra [53-56] against root-knot nematode
(Meloidogyne incognita) with 90% mortality after exposure for 48 h (at
100 ppm concentration level). E. ribes seed oil demonstrated effective
activity against Pheretima posthuma compared to standard piperazine
citrate (10 mg/ml) was reported by Jalalpure et al.

Antimicrobial activity

Anti-microbial is a compound that either kills or inhibits the growth
of microbes such as bacteria, fungi, or protozoans. Chitra et al. studied
antimicrobial activity of embelin against 12 pathogenic bacteria using
disk diffusion method. It was observed that inhibition occurred for all
the twelve at a concentration of 100 microgram/disk, but two of the
bacterium namely £. coli and K. pneumoniae revealed significant level
of inhibition. Embelin inhibition against methicillin-sensitive and
methicillin-resistant strains of Staphylococcus aureus with minimal
inhibitory concentration (MIC) value of 250, 62 pg/ml respectively has
also been reported by Feresin et al. [57]. It was also examined against
E. coli which was found to have MIC value of 50 pg/ml. Embelin has
also been reported to inhibit various dermatophytes namely
Epidermophyton floccosum, Microsporum canis, Trichophyton
mentagrophytes and Trichophyton rubrum with MIC of 50 ug/ml,
however 100 pg/ml was observed against Microsporum gypseum. Rani
and Khullar [57] explained the moderate antibacterial activity of
aqueous and methanol extracts of E. ribes. Tambekar et al. [58]
reported that acetone fraction of E. ribes berries possessed mild
antibacterial property against Enterobacter aerogenes, Klebsiella
pnemoniae, compared to the standard drug Amoxicillin. Rathi et al.
[59] examined petroleum ether extract of E. ribes which had lowest
MIC value of 250 pg/ml against Candida parapsilosis (MTCC 1744)
and 360 pg/ml against Candida laurintis (MTCC 2898) while water
extract of E. ribes had higher MIC value for all organisms. Suthar et al.
[60] reported embelin with antifungal potential against Aspergillus
favus 871 and Aspergillus fumigates 2550 with MIC50 values of 470,
1015 mg/L respectively. In our study, we observed bactericidal activity
of embelin against gram positive organisms and bacteriostatic activity
against gram negative organism [61].

Antitumor activity

Antitumor/anticancer activity compounds are drug or agent that
inhibit, delay or reverse tumor. Chitra et al. [62] attempted to describe
antitumor activity of embelin in methylcholanthrene-induced
fibrosarcoma in albino rats along with their enhanced survival time.
Nikolovska-Coleska et al. [63] reported embelin as a fairly potent, non-
peptidic, cell-permeable, small-molecule inhibitor of XIAP. It
represents a promising lead compound for entirely new class of
anticancer agents that target the BIR3 domain of XIAP. Dai et al. [64]
explained the embelin potential to inhibit chemical carcinogen-
induced colon carcinogenesis.

Chemopreventive activity

The uses of a drug or compound which tend to interfere with a
disease process are called chemopreventive agents. Sreepriya and Bali
[65] revealed that embelin prevents the induction of hepatic hyper
plastic nodules, bodyweight loss, increase in the levels of hepatic
diagnostic markers and hypoproteinemia against DENA/PB-induced
hepato-carcinogenesis in wistar rats.

Antioxidant activity

An antioxidant is a molecule or agent capable of inhibiting the
oxidation of molecules. Oxidation reactions generate free radicals
which trigger the biochemical chain reactions and finally damaging
cells. Antioxidants tend to terminate these chain reactions by
neutralizing free radical intermediates and also inhibiting other
oxidation reactions. Both plants and animals owns complex systems of
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multiple types of antioxidants defense systems endogenously, such as
glutathione, vitamin C and vitamin E (classical examples of non-
enzymatic antioxidants) and catalase, superoxide dismutase and
various peroxidases (enzymatic antioxidants). With regard to
antioxidant activity of embelin few reports are available in public
domain. Sumino et al. [66] reported that embelin exhibited free radical
scavenging activities towards diphenyl-picrylhydrazyl (DPPH) radicals
inhibitory concentration (IC50) of 23.3 + 0.5 uM. Joshi et al. [67]
explained the inhibition of lipid peroxidation and restoration of
impaired Mn-superoxide dismutase in rat liver mitochondria by
embelin. Siddharthan Surveswaran et al. [68] illusteated crude E. ribes
displaying free radical scavenging activities when tested using Di-
Phenyl-2-picryl Hydrazyl (DPPH). Uma et al. [69] described
antioxidant activity against streptozotocin induced diabetic rats using
aqueous extract of E. ribes administered orally (100 and 200 mg/kg
body weight) and whereas Venkateshwar rao et al. [70-79]
substantiates the antioxidant activity of embelin. Dharmendra Singh et
al. reported antioxidant activity of embelin against hepatotoxicity
induced rats (at concentration of 25 mg/kg body weight).
Radhakrishnan et al. [72] observed embelin lipid peroxide inhibition
and restoration of impaired Superoxide dismutase in UV B-induced
lymphocytes and fibroblasts by embelin.

Conclusion

Conclusively, embelin is an efficient drug molecule with a potential
to act against different diseases. It has widespread biological activities
such as antioxidant, anticancer, antimicrobial and has minimum side
effects. Thus, embelin can be considered as potential drug molecule as
well as adjuvant for various biological implications and thereby serving
the human society.
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