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Abstract

Citrus grandis or Citrus maxima, widely recognized as Pomelo is widely cultivated in many countries because of their large
amounts of functional, nutraceutical and biological activities. In traditional medicine, various parts of this plant including leaf,
pulp and peel are used for generations as they are scientifically proven to have therapeutic potentials and safe for human use.
The main objective of this study was to review the different therapeutic applications of Citrus grandis and the phytochemicals
associated with its medicinal values. In this article different pharmacological properties like antimicrobial, antitumor, anti-
oxidant, anti-inflammatory, anticancer, antiepileptic, stomach tonic, cardiac stimulant, cytotoxic, hepatoprotective, nephro-
protective, and anti-diabetic activities of the plant are highlighted. The enrichment of the fruit with flavonoids, polyphenols,
coumarins, limonoids, acridone alkaloids, essential oils and vitamins mainly helps in exhibiting the pharmacological activities
within the body. The vitamins enriched fruit is rich in nutritional value and also has minerals like calcium, phosphorous, sodium
and potassium, which helps in maintaining the proper health and growth of the bones as well as the electrolyte balance of the
body. To conclude, various potential therapeutic effects of Citrus grandis have been demonstrated in recent literature. Further
studies on various parts of fruit, including pulp, peel, leaf, seed and it essential oil could unveil additional pharmacological
activities which can be beneficial to the mankind.
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Background

The connection between human and nature have been prevalent
for thousands of years. This connection led to the discovery and
utilization of multifarious plants bearing medicinal properties
in the treatment and curing of numerous diseases." Medicinal
plants usage is as old as the existence of mankind. According to
WHO, botanical garden is still a source of reliance of 80% of
the global population and many medicines owe their origin to
medicinal plants.” It has been estimated that for medicinal
purposes, up to 74% of pharmacologically active plant derived
components were discovered.® Despite of having scientific
advancement and globalization, medicinal plant based drug
discovery is still playing a significant role in the exploration
of various pharmacological activities and the discovery of new
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Figure . An illustrated photograph of a typical Citrus grandis (L.) Osbeck fruit.

drugs.* In fact, phytomedicines, nutraceuticals, herbal medi-
cines and plant-based different preparations in various dosage
forms are extensively investigated by the researchers, herbal
and nutraceutical industries aiming to the discovery and devel-
opment of effective and safe complementary and alternative
therapies for the development of medicaments against dia-
betes,”® cancer,”!! autoimmune and immunocompromised
conditions,lz'18 inflammation and infectious diseases,lg'21
hyperlipidemia®*** and neurological and adaptogenic prob-
lems** due to the limitations of conventional drugs, because
of the development of drug resistance and adverse effects and
chronic toxicities in long term treatment.

This led us to grow further interest to carry out newer studies
and analysis on botanical plants for inventing and discovering
new methods of treatment of the existing and upcoming diseases.

Plant Introduction

The plant Citrus grandis or Citrus grandis, commonly known
as Pomelo, belongs to the family Rutaceae and is considered as
the major ancestor of the grapefruit.>>’ Citrus grandis, indi-
genous to China and different areas of Southeast Asia are
recognized as the largest fruit because the fully grown fruit can
yield more than 30 cm in diameter.”® The fruit has a variety of
name and is constituted of white or pinkish flesh and yellowish
or greenish skin. The sweetish acidic flavor makes the citrus
fruit delectable among people of different areas.>® A photo-
graph of a typical C. grandis fruit is presented in Figure 1.
Plant taxonomy is presented in Table 1.

Scientific Name

Citrus grandis (L.) Osbeck or Citrus maxima.

Common Names

Pomelo, Dangyuja.>*! Shaddock.**** Pummelo,>*® Jam-
bola.?>73% Chakota,>* Mato Peiyu*® Papanus,®’

Table |. Taxonomy of Citrus grandis (L.) Osbeck.

Kingdom Planteae

Subkingdom Tracheobionta
Superdivision Spermatophyta

Division Magnoliophyta

Class Magnoliopsida

Subclass Rosidae

Order Sapindales

Family Rutaceae Rue family
Genus Citrus L.

Species Citrus grandis (L.) Osbeck

Tomentosa,*! Jamboa, Pompelmoes, Pamplemousse, Bali
lemon, Betabi lebu, and Panis.

The edible citrusy fruit, widely cultivated in Bangladesh, India, and
East Asia is enriched with different dietary minerals and vitamins.
The tree is perennial and is used as a functional food as it is believed
to have therapeutic values and it have been used traditionally for
indigestion, cardiac diseases etc.>>** The pulp of this fruit was
found to possess antioxidant, antihyperlipidemic, appetizing, anti-
toxic, stomach tonic and cardiac stimulant properties.®>#*4¢

Meanwhile, the leaf of Citrus grandis also was found to
have antimicrobial, antioxidant.*® and anticancer properties.*’
Furthermore, the fruit juice prepared from the pulp is rich in
antioxidant and polyphenolic compounds such ferulic acid,
hesperidin, caffeic acid, naringin, p-coumaric acid, and vanillic
acid were reported to be present in the fruit juice.’>***%-!
Current chemical, medical, and pharmacological literature has
confirmed various pharmacological activities as well as nutri-
tional value of the indigenous fruit and so a compendious
review of the plant is established.

Traditional Uses

Since the beginning of human civilization, traditional medicine
has been playing a key role in regulation of human health,
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prevention and treatment of illness. Even in this era of science
and technology, it has become a topic of global interest. Citrus
grandis has been preferable in traditional herbal medicine for
its numerous healing purposes. In some Asian countries, the
Citrus grandis fruits are not just used for consuming but also
the other parts of this plants are practiced in folk culture such as
leaves oil of Citrus grandis are applied to treat skin disorders,
headache and abdominal pain.*® The assorted sections of this
plant are reported to be used extensively by diverse folk popu-
lations. The peel of the fruits is widely used in traditional
medicines as a treatment of cough, swelling, epilepsy as well
as beautification purposes.>? Similarly, Citrus grandis flowers
are used against anxiety and sleep disorders, fruits are used in
case of mental abnormality, asthma, leprosy, hiccup, cough,
and epilepsy.*' Due to containing sweet aroma, Citrus grandis
fruits are additionally used as food, cosmetics, perfume and
flavoring or fragrance-enhancing agent in pharmaceutical
industries.’*>® Apart from this, Citrus grandis also used to
lower cholesterol and induce weight loss.>*’

Phytochemistry

The fruit of Citrus grandis belongs to the family of citrus fruits
which makes it really evident of being rich source of Vitamin
C. Shao et al,(2017) determined the presence of Vitamin C by
2,6-dichlorophenolindophenol method.”® Besides being a pro-
venance for Ascorbic acid, Citrus grandis is also enriched with
various active compounds which are very beneficial to health
eg: carotenoids, flavonoids, acridone alkaloids, limonoids,
minerals, essential oils and Vitamin B complex.>'~%¢!

The pulp and peel of Pomelo appears golden yellow to red or
pink color due to the presence of carotenoids.®? The peel and
pulp of citrus fruits contains more than 115 different carote-
noids. Singh et al (2016) reported the presence of Aurapte,
Auraptene, carotene, 5-Geranyloxy-7-methoxy-coumarin,
roseoside, bergamottin in the peel and also, 5-methyltodan-
nol,6-hydroxymethylherniarin, 5-methoxy seselinin the stem
bark and roots.® Different cultivars of Pomelo were reported
to have numerous carotenoids. In “Chuzhou Early Red”
and “Yuhuan” pomelo cultivars 11 carotenoids: lycopene, o-
carotene, [-carotene, zeta-carotene, P-cryptoxanthin,
phytoene, luteoxanthin, phytofluene, lutein, zeaxanthin and
9-cis-violaxanthin were detected.®® In “Peiyou” and “Wendun”
cultivars the major carotenoids detected were: P-carotene,
B-cryptoxanthin, lutein and zeaxanthin.** Red-fleshed pomelo
pulp juice had 7 times more f-carotene and lycopene than its
peels.®® Higher antioxidant, anticancer and hypolipidemic
activity is observed due to the presence of high amount of
Lycopene and B-carotene.®

The aqueous ethanolic extract of Citrus grandis peel is
mainly composed of flavonoids, Vitamin C and carotenoids,
which plays a pivotal role in providing different biological
activities like antioxidant, anti-inflammatory, and anti-
atherogenic.%’(’1 The flavonones present in the peel of Pomelo
are mainly in the form of aglycones and glycosides and the
frequently identified flavonone aglycones are hesperetin,

naringenin and eriodictyol. Nobiletin, tangeretin, sinensetin,
diosmetin, luteolin and apigenin are the 6 major frequently
reported flavonone aglycones. The most abundant flavonones
are naringin, naringenin, neoeriocitrin and neohesperi-
dine.?":04-%6-%% The presence of common flavonoids like:
hesperidin, neohesperidin, naringenin, naringin and rutin are
determined at high amount in Citrus grandis juice.**’® In an
extraction condition for 1 and 3 hours at 50°C, the total yield of
total flavonoid content from the peels of Citrus grandis
extracted by aqueous methanol extract (80:20 v/v, methanol:
water) were 149.05mg/L and 158.09mg/L. This was 12-26%
higher when compared with the yield of aqueous ethanol
extract (80:20 v/v, ethanol: water) i.e 118.33mg/L and
141.25mg/L respectively. On the other hand, for 1 and 3 hours
at 80°C, the yield for aqueous ethanolic extract (80:20 v/v,
ethanol: water) were 141.67mg/L and 199.17mg/L. This was
37%-49% higher than that of the yield of aqueous methanol
extract (80:20 v/v, methanol: water) i.e. 103.10mg/L and
133.34mg/L respectively. This change in the yield was due to
the different boiling points of methanol (65°C) and ethanol
(79°C).”" In another study carried out by Caengprasath et al
(2013), characterized the presence of active components like
neohesperidin (25.4+ 0.12 mg/g dried extract), hesperidin,
(12.04 + 0.12 mg/g dried extract), naringin (11.90 + 0.21
mg/g dried extract), and naringenin (9.20 + 0.19 mg/g dried
extract).>>4%43

The total phenolic, flavonoids, and flavonoid contents in the
peels of the plant and the concentration of total phenolic con-
tent ranged from 42.79 to 54.56 mg gallic acid equivalent/g and
the total flavonoid content was found within the range of
26.70-13.43 mg of rutin/g.”* by In the study carried out by
Chang and Azrina (2017) the total phenolic content of different
C. grandis tissue parts were derived where the amounts were
given in descending order; albedo (63.11 + 5.03 mg GAE g-1
FW) >flavedo (38.67 + 4.27 mg GAE g-1 FW) >segment
membrane (30.66 + 1.29 mg GAE g-1 FW).”> Abirami et al
(2014) analyzed fresh fruit juices of C. grandis (red and white)
and C. hystrix where 333.33-523.21 mg GAE of tannins and
769.05-909.52 mg GAE of phenols were detected and their
amounts were highest in C. grandis (white) fruit juice and the
amount decreased for C. Aystrix followed by C. grandis (red)
fruit juices. In addition, the study also provided with the infor-
mation that C. grandis (white) fruit juice had the higher flavo-
noid content than the other 2 fruit juices incorporated. The
result of the test provided a report that higher content of fla-
vonoid was associated with the presence of higher phenolic
content of the fruit juice.”*’”> Pomelo peel was detected to be
comprised of various phenolic acids like chlorogenic acid,
ferulic acid, caffeic acid, gallic acid, p-coumaric acid and sina-
pic acid. Among them gallic acid was most abundantly found in
the peels of various Pomelo cultivars.®**” In HPLC-DAD anal-
ysis for phenolic compounds in ethanolic extract of C. grandis
peel powder, a study performed by Chowdhury et al (2015) a
sharp peak for caffeic acid and (-) epicatechin were seen in the
chromatogram (concentration of 240.78 and 242.19 mg per 100
g of dry weight respectively) which showed potent antioxidant
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activity. It is noteworthy that phenolic compounds, for instance
syringic acid, gallic acid, vanillic acid, and rutin hydrate were
also observed.”

Citrus grandis can exhibit different therapeutic activity for
the presence of particular class of compounds in aqueous,
methanolic, and petroleum ether extract, which were indicated
by phytochemical screening of the plant. >*¢>7¢ The ethanolic
extract of mesocarp, pericarp and segment membrane of
Citrus grandis fruit were prepared, where phenols (25.71 mg
CE/100 ml), saponins (345.39 mg CE/100 ml), flavonoids
(31.48 mg GAE/100 ml) and tanins (40.47 mg CE/100 ml)
were found in the highest amount in the pericarp extract. In
the ethanolic extract of segment membrane, the amounts of
phenols, saponins, flavonoids and tanins were 18.46
(mg CE/100 ml), 147.93 (mg CE/100 ml), 20.17 (mg GAE/
100 ml) and 21.02 (mg CE/100 ml) and in the mesocarp extract
the amounts were 13.94 (mg CE/100 ml), 79.03 (mg CE/100
ml), 11.65 (mg GAE/100 ml)) and 7.94 (mg CE/100 ml)
respectively.”” Terpenoids were seen present in mesocarp, peri-
carp and segment membrane but alkaloids were only present in
pericarp and segment membrane. Researchers estimated that
white Citrus grandis juice possessed 1-5 folds’ higher amount
of terpenoids but lesser amount of total volatiles than pink
Citrus grandis juice.”®

Different part of Citrus grandis plant contains different
active components, which makes the fruit popular in having
various effective biological activities. The 2 available culti-
vated varieties (cultivars) of Malaysian Citrus grandis juices;
white Citrus grandis juice (cultivar PO 51) and pink Citrus
grandis juice (cultivar PO 52) were analyzed using gas chro-
matography mass spectrometer/flame ionization detector to
identify volatile and non-volatile compound found in the
juice.”®

Polysaccharides are also present in C. grandis which is
responsible for different biological activities. In a study of
Yu et al (2018), polysaccharides were extracted from C.
grandis peel by alcohol precipitation and hot water extrac-
tion.”’ Another method for extraction of Microcrystalline cel-
lulose (MCC) and cellulose from C. grandis peel were done by
hydrolysis of acid solution and mixed alkaline hydrogen per-
oxide (H,0,) liquor.®® The extracted MCC functions as fat
substitute, dietary fiber supplement and emulsion stabilizer.®!

Potassium, Phosphorous, vitamin B1, vitamin B2, folic acid,
vitamin B12, sugar, water and pectin are also found in the citrus
fruit which add more value to it.”>** Shao et al, (2017) deter-
mined the contents and concentrations of organic acid and
soluble sugar by GC(Gas chromatography) and crude fiber
by spectrophotometry, Calcium, potassium and magnesium
were determined by an approach known as ICP (Inductively
coupled plasma).’® Beside the presence of bioactive com-
pounds in various parts of citrus fruits, they are also rich in a
number of mineral elements which can play role in upholding
the homeostasis within the body. A study carried out by Czech
et al (2020) in analyzing the mineral content in the peel and
pulp of citrus fruits found out that Citrus grandis (600 g) con-
tained 9-16% of DRI (dietary reference intake) for phosphorous

and its rind (one Citrus grandis fruit of 320 g) contained
30-40% less DRI for phosphorous than pulp. On the other hand,
the peel of Citrus grandis contained 7.5% calcium in its peel.
Both Calcium and phosphorous are needed to maintain the
health of bones as well as help in the bone growth. Sodium
and potassium are required to provide balance to electrolyte
and water within the body but from the study it was seen that
citrus fruits contained less amount of sodium than potassium.
Citrus grandis peel was 7-5 times more rich in sodium than its
pulp and was found to have 20% more potassium in the peel
than the pulp.®?

Apart from Citrus grandis pulp, peel and fruit, Citrus
grandis seed also contains active compounds that exhibit bio-
logical action. Although Citrus grandis seed is considered as a
by-product of the fruit but components like limolin and nomilin
can be obtained from its seed that is significant in showing
chemo preventive activity. By LC-MS/MS analysis, derivation
of limonin (base peak at m/z 425.1) nomilin (base peak at m/z
515), isoobacunoic acid and naringin from segment membranes
of C. grandis fruit were done where the elution process was
carried out by using binary solvents: formic acid (solvent A)
and acetonitrile (solvent B) and analytical identification was
done by MRM (Multiple Reaction Monitor) and ESI (electro-
spray ionization) in negative mode for naringin and positive
mode for limonoids. The analysis was done to further identify
the already purified compounds obtained previously by semi
preparative HPLC analysis where phosphoric acid was used
instead of formic acid in the binary solvent system. From the
study it was found that HPLC and LC-MS showed purity of
3 limonoids: limonin, nomilin and isoobacunoic acid over 95%
and in each purification step the recovery of the target com-
pound was more than 40%. This concludes that high purity
limonoids can be obtained from segment membrane of the
fruit.*?

In a study of deriving chemical profile of essential oil of C.
grandis different components like a-Pinene (0.40%), B-Pinene
(3.71%), Sabinine (0.93%), methyl heptenone (1.25%), B-myr-
cene (0.90%), hexanal (0.12%), #-Ocimine (1.19%), linalool
(0.16%), 1-Hexene,3,3-dimethyl (0.67%), geranyl formate
(1.83%), geranylacetate (0.82%) and B-farnesene (0.45%) were
obtained from the leaves through GC-MS analysis, where the
major components were: Z-citral (13.38%), 4-methyl-1-hexene
(15.22%), E~citral (17.75%) and DL-limonene (31.83%). It was
also found that the essential oil of Citrus grandis was effica-
cious against Aspergillus flavus.> The list of phytochemicals
constituents with chemical structures are presented in Table 2.

Pharmacological Activities of Citrus grandis

The pharmacological activities of Citrus grandis are presented
in the Figure 2.

Antioxidant Potential

The unstable atoms known as free radicals that are commonly
generated within the human body through various biochemical
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Figure 2. Pharmacological activities of Citrus grandis (L.) Osbeck.

reactions can cause damage to the cells through a method
called oxidation, which is linked to causing cancer, athero-
sclerosis, Parkinson’s disease, Alzheimer’s disease etc. Food
products which contains OH (hydroxyl) functional group are
considered to have antioxidant potential, prevents oxidative
damage by donating their electrons to the free radicals.''
Citrus grandis is a good source of antioxidants like flavonoids,
polyphenols and ascorbic acid which are good neutralizers of
free radicals, among which polyphenols are the vital compo-
nents preventing oxidative damage.’' Free radicals cause oxi-
dative stress and this damage is majorly occluded by
polyphenolic compounds as well as flavonoids and ascorbic
acid found in C. grandis by counteracting the free reactive
radicals. The pink Citrus grandis juice cultivar (8.3 mg/ml)
was found to be richer in polyphenolic content, making it a
potent antioxidant than the white Citrus grandis juice cultivar
(5.6 mg/ml).>! There are 4 accepted assays: DPPH, ABTS
(2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid),
FRAP and Total Phenolic content which help in evaluation
of antioxidant potential.>> By performing FRAP (Free Reduc-
ing Antioxidant Power) assay (for determining the conversion
of ferric form of iron to ferrous form) and DPPH assay (for
measuring percentages of radical scavenging activity), where
both the assay gave high values, the high antioxidant potential
of Citrus grandis was confirmed.** In a similar study by Kumar
et al, 2019%° and Kumar et al, 2017'"® significant potential
antioxidant activity of Citrus grandis having the highest FRAP

(1.92 mM L-1 Trolox) and ABTS (4.49 mM L-1 Trolox) activ-
ity in vitro was reported. Seven Citrus grandis cultivars: Pat-
tavee (PV), Thong Dee (TD), Tha Khoi (TK), Kao Numpueng
(KNP), Kao Pean (KP), Kao Tanggkya (KTG), Kao Yai (KY)
were used to study the antioxidant activity by DPPH and FRAP
assay.''*!!” It was observed that the pink cultivars (TD and
TK) had better antioxidant capacity than the white ones (PV,
KP, KNP, KTG and KY) which had higher flavonoids than the
latter. The order of polyphenol content (TK, TD, PV, KY,
KTG, KNP and KP) by cultivars was correspondent to the
antioxidant activity.''®!''” The antioxidant activity of metha-
nolic extract (25%) of Citrus grandis fruit was also studied in
long Evan rats where the extract gave high DPPH and FRAP
values. The total polyphenolic content of methanolic extract of
Citrus grandis fruit in rat was 515.45 + 4.62.** The in vitro
study carried out by Abirami et al (2014) found out that highest
ABTS scavenging activity was exhibited by the juice sample of
C. grandis (red) (34,659.62 mmol TE/L juice) than C. grandis
(white) (31,343.90 mmol TE/L juice).”” Similarly, DPPH
scavenging activity of C. grandis (red) fruit was higher than
C. grandis (white) fruit.”> The antioxidant activity of Citrus
grandis was 7.92 + 0.04 and 10.74 + 0.32 respectively
showed by DPPH and TPC assay.?> The DPPH assay of Citrus
grandis peel essential oil showed 26% higher free radical
scavenging activity than the fruit pulp extracts. Relative activ-
ities of methanol extracts or water were seen to be higher
significantly (p < 05) than ethyl acetate or 50% ethanol extracts
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and acetone. In another study that tested the Citrus grandis peel
and pulp, the FRAP value (2.3 mM) of the Citrus grandis peel
essential oil was higher than the extracts of fruit pulp. The
highest FRAP value (1.2 mM) was observed for water extracts
followed by the acetone, methanol, 50% ethanol and ethyl
acetate extracts.''®

Singh et al (2010) carried out a study on the essential oils
(EO) of C. sinensis and C. grandis to find their activity against
oxidation by free radical scavenging through spectrophot-
ometer and DPPH radical scavenging assay on TLC (Thin layer
chromatography).' ' The positive antioxidant activity of EOs’
were determined by recording the extent to which the purple
colored DPPH solution was converted to yellow color. The
ICso (concentration of essential oil that neutralizes 50% Of
DPPH radicals) of C. grandis essential oil was 8.84pl/ml that
indicated its strong antioxidant activity.''” In another study
carried out by He et al (2019), the total antioxidant activity,
superoxide anion radical scavenging rate and DPPH free radi-
cal scavenging rate of Citrus grandis Peel Essential oil (PPEO)
were determined in a concentration dependent manner, where
the ICs5y of PPEO was 70.12mg/ml. The study analyzed that
PPEO at higher concentration exhibited high antioxidant activ-
ity. Superoxide anion radicals can also be removed by PPEO
but with a lower scavenging ability than L-ascorbic acid at the
same concentration.>*

Citrus flavonoids work as a scavenger of free radicals and
exhibits anti-allergenic, analgesic, antimicrobial, anti-
inflammatory, antiviral, antiulcer activities. In a comprehen-
sive investigation by Makynen et al (2012) the antioxidant
activity of 6 Citrus grandis cultivars were determined where
the main flavonoids in the fruit hesperidin and neohesperidine
dihydrochalone showed effectivity against superoxide forma-
tion as well as scavenging reactive oxygen species.*> Thai
Citrus grandis juice also reduced ferric ion to ferrous form that
suggested the potential to repress the formation of Fenton reac-
tion and impeded the generation of hydroxyl radical that are
highly reactive in nature.*> In a spectrophotometric analysis
carried out by Zarina and Tan (2013) the flavonoid activity
toward lipid peroxidation was evaluated in fish tissue treated
with Citrus grandis peel where a reduction in peroxide value
(PV) indicated its activity but there was evidence that flavonoid
did not slow down the oxidation process.”’ Chang and Azrina
(2017) studied the antioxidant capacity of different parts of
Citrus grandis and its by-products where albedo was found
to possess the highest Total Phenolic content and Total Flavo-
noid content while flavedo exhibited the highest antioxidant
activity in both the DPPH and FRAP assays.’” Barrion et al
(2014) reported the antioxidant activity of the extract samples
in the following order pericarp (29.64 expressed as % lipid
peroxidation) >segment membrane >mesocarp.’’

Anti-Inflammatory Activity

Inflammation is body’s natural defense mechanism which pro-
tects body from the attack of foreign invaders and plays a role in
the healing process. The presence of polysaccharides in Citrus

grandis has potential anti-inflammatory activity.***'212*> The

anti-inflammatory activity of Citrus grandis was reported in a
study carried out on both ammonia stimulated rabbits and clin-
ical patients where polysaccharide present in the fruit relieved
the symptoms as well as inhibited chronic inflammation. The
therapy of 14 days with PCG (Polysaccharides of Citrus grand-
is)(p < 0.01) in 14 chronic pharyngitis patients relieved the
inflammatory symptoms and further to study the relief of
chronic inflammation with PCG, animal model was established
by the combination of ammonia spray and subcutaneous injec-
tion of turpentine oil, where effect of oral intake of PCG was
investigated. Treatment with PCGs inhibited various inflamma-
tory mediators such as IFN-o, IL-2 and IL-4 present in an
increased level in chronic pharyngitis rabbits. The exogenous
administration of PCG (p < 0.01) showed inhibition of chronic
inflammation in chronic pharyngitis animal model in a dose
dependent manner which showed consistency with the results
of clinical data.'?® In different studies it was determined that the
activation of NF-kB leads to the increased release of inflamma-
tory mediators.'*-'2+123

Zhao et al (2019) manifested the anti-inflammatory effect of
Citrus grandis by the methanolic (90%) and ethyl acetate
extract (coumarin fraction, 32 g) of the peel of the fruit in
animal model.'** Anti-acute inflammation effect of the cou-
marins such as Auraptene, [soauraptene, Meranzin hydrate
obtained from Citrus grandis peels showed remarkably
reduced (p < 0.05/ 0.01) auricular swelling after intraperitoneal
injection for 3 consecutive days to the mice.'**> The inhibition
ratios of the coumarins were 26.2% (Auraptene; 2 mg/kg),
23.5% (Auraptene; 1 mg/kg), 19.4% (Isoauraptene; 1 mg/kg),
35.6% (Isoauraptene; 0.5 mg/kg), 19.5% (Meranzin hydrate; 3
mg/kg), and 17.9% (Meranzin hydrate; 1.5 mg/kg), respec-
tively. The compound Marmin (p > 0.05) didn’t show any
significant inhibitory effect on xylene induced ear edema at
the dose of 1 and 0.5 mg/kg in-vivo. In addition, Zhao et al
(2019) treated mice with methanolic extract (90%), Ethyl acet-
ate extract and the 4 bioactive coumarins (Auraptene, Marmin,
Isoauraptene, Meranzin hydrate) of Citrus grandis peel, which
showed significant inhibition of carrageenan-induced paw
edema when given orally and intraperitoneally as a pre-
treatment for 5 successive days before carrageenan injec-
tion.'?® The anti-subacute inflammatory effect was notable for
EAC (p < 0.01) with an inhibitory rate of 60.3% and 62.3% at
the dose of 60 and 30mg/kg and secondly ME gave the effect
with an inhibitory rate of 49.9% and 51.4% at the dose of 2 and
1g/kg. The 4 coumarins (p < 0.05/ 0.01) of Citrus grandis
peels showed effective results even at low doses. In vitro
anti-inflammatory effect of the bioactive coumarins of
Citrus grandis peel was due to the presence of 8-(6,7-Dihy-
droxy-3,7-dimethyl-2E-octenyloxy) psoralen, 5-(6-Hydroxy-
3,7-dimethyl-2E,7-octadienyloxy) psoralen, Auraptene,
7-(6-Hydroxy-3,7-dimethyl-2E,7-octadienyloxy) coumarin
and Toddanone significantly when used as a pre-treatment.
Also, exhibited their action by inhibiting pro-inflammatory
cytokines like: IL-1B, PGE2, and TNF-o in LPS stimulated
RAW?264.7 cells at only 5pug/ml concentration and without any
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toxicity.'*® C. grandis functions as a good anti-inflammatory
agent because of polysaccharides and bioactive coumarins
present in the peel which blocks the inflammatory mediators
and pro-inflammatory cytokines.

Antihyperlipidemic Activity

Hyperlipidemia is a type of metabolic disorder occurs due to
elevated levels of triglycerides and cholesterol in the blood
which can be prevented by the inhibition of pancreatic lipase
that delays the digestion of triglyceride to absorbable free fatty
acids.'®® It was stated in a study carried out by Makynen et al
(2013) that phenolic compounds obtained from pulp of 6 culti-
vars of Citrus grandis played an important role as an antiox-
idant and antihyperlipidemic agent.** This study also provided
us with the information that aqueous methanolic extract of
Citrus grandis pulp prevented hyperlipidemia by the inhibition
of the enzymes pancreatic lipase and cholesterol esterase. It
also reduced the solubility of cholesterol into micelles by bind-
ing with primary bile acids. The interaction of the pulp extract
of the fruit with the enzymes and solubility of cholesterol
makes it a good anti-hyperlipdemic agent.** In a similar study
carried out by Oyedepot and Babarinde (2012) it was found that
administration of Citrus grandis fruit juice (50%) significantly
reduced blood cholesterol, triglycerides and VLDL and
increased HDL-C levels in Streptozin-induced diabetic rats.
But in the study it was observed that administration of 25%
C. grandis fruit juice showed no significant effects on lipid
profile and blood glucose levels.'?” So it can be concluded
from the observation of the study that higher concentration of
the fruit juice is effective in exhibiting hypolipidemic activity.

The lipid profile of Type-2 diabetic rat was observed in a
study where administration of 50% Citrus grandis fruit juice
significantly decreased serum cholesterol and triglyceride lev-
els. In STZ-induced diabetic rats the HDL (High Density Lipo-
protein)-cholesterol level was also reduced to a notable level
possibly by controlling hydrolysis of certain lipoproteins and
their selective uptake and metabolism by different tissues. It
was also hypothesized that the strong antihyperlipidemic effect
of Citrus grandis fruit juice could be through the control of
hyperglycemia as it works as the major determinant of total and
very low density lipoprotein and triglyceride concentration.'?’

Oboh et al (2014) studied the hypocholesterolemic proper-
ties of grapefruit and shaddock juices; they found that both
juices resulted in reduction of plasma triglyceride levels in a
dose dependent manner which was thought to occur due to the
ability of citrus flavonoids to inhibit hepatic apolipoprotein
(apo)B secretion.?” Gorinstein et al (2005) observed a reduc-
tion in the cholesterol levels in the rats fed with high choles-
terol diet due to the administration of citrus juices as well as
naringin, a major flavone found in citrus fruits like C. grandis
juice.'?® It was also derived in a similar study that juices of C.
grandis and C. paradisii increased plasma HDL levels and
decreased the level of LDL (Low Density Lipoprotein) choles-
terol. The mechanism was that the flavonoids in the citrus juice
work as cellular signaling molecules which regulates the signal

transduction pathways of the sterol regulatory element binding
proteins.?” Thus we can come to a conclusion from the studies
carried out that, the antihyperlipidemic effect of the fruit juice
of C. grandis could be due to the presence of flavonoid content.

Anticancer Potentials

The natural compounds of Citrus grandis is a part of active
investigation to suppress the expansion of cancer. Citrus
grandis was found to exhibit antioxidant potential which was
evaluated via FRAP assays and DPPH radical-scavenging
activity. Antioxidants are bioactive reducing agents which they
neutralize radicals produced in the body through different com-
plex biochemical reactions they are responsible for many life
threating and serious diseases including cancer.****! Limo-
noids from Citrus grandis seeds, particularly limonin and
nomilin reported chemo preventive bioactivities, specifically
free radical-scavenging.’'*'** and glutathione S-transferase-
inducing activity. Methanolic extract of Citrus grandis admi-
nistered by intraperitoneal route demonstrated to increase the
longevity of non-viable tumor cell and their count count and
decrease the volume of tumor.'°

To evaluate antitumor activity of Citrus grandis peel the
S180 tumor-bearing mice model was established by Yu et al
(2018) where Citrus grandis peel at 300mg/kg exhibited pro-
phylactic and inhibitory effect on the formation of S180 solid
tumor in a dose-dependent manner (p < 0.05).%' In the same
study it was showed that Citrus grandis peel can induce tumor
cells apoptosis by blocking the cell cycle in S phase and down-
regulating the Bcl-2 expressions and up-regulating Bax levels.
All these results suggested that the in vivo antitumor effects
treated with Citrus grandis peel might be attributed to the
polysaccharides’ immunoregulatory properties and apoptosis-
inducing characters on the tumor-bearing mice.®

Sen and Samanta (2015) studied the antitumor activity of
methanol extract of Citrus grandis (MECM) leaves against
Ehrlich Ascites Carcinoma (EAC) cell line in Swiss albino
mice."*! The administration of MECM for 9 consecutive days
decreased tumor parameters such as tumor volume, viable
tumor cell count and increased body weight, hematological
parameters and life span in respect of the EAC control mice
in a dose dependent manner. Intraperitoneal administration of
MECM at doses 200 and 400 mg/kg exhibited antitumor activ-
ity. The study showed that the presence of flavonoids and
limonoids present in Citrus grandis mediated antitumor and
anti-inflammatory activity.'*!

In another study, Wang et al (2019) found that Citrus
grandis juice contains lycopene, B-carotene, and 1,1-
diphenyl-2-picrylhydrazyl (DPPH) that are found to provide
antioxidant activity, decreasing power activity, higher bile-
acid-binding activity and at the same time with better anti-
proliferative activity in leukemia cells. It must be noted that
lycopene and B-carotene found abundantly in red-fleshed
(Citrus grandis) fruits may exert anticancer activity.'>>

Also, Citrus grandis extract binds with secondary bile acids
which is associated with developing colorectal cancer. Thus the
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result of the study provided the information that Citrus grandis
extract may reduce the risk factor in decreasing colorectal

cancer. 133

Antimicrobial Activity

Antifungal activity. An investigation was carried out by Singh and
Navneet (2016) to detect activity of Citrus grandis and C.
sinensis essential oils, along with their essential oil combina-
tion against fungus and aflatoxins.® The major components of
the essential oils were DL-limonene, a cyclic monoterpene,
carveoland E-citral, Z-citral (monoterpene aldehydes).*'** In
the study carried out by Singh and Navneet (2016), it was found
that according to ANOVA and Tukey’s comparison tests
(p < 0.05), different concentrations (250,500,750 and 1000
ppm) of EOs were found significantly effective against fungal
growth in vitro. Different species of Aspergillus like A. alter-
nate, A. niger, A. fumigatus, A. terreus, and other filamentous
fungi like F. oxysporum, H. oryzae, C. herbarum, C. lunata,
and T. viride were taken where complete inhibition of 4. flavus
was found at 750 ppm by essential oil of both the fruits and
their essential oil combination®. The essential oil of Citrus
grandis showed more efficacy than that of both C. sinensis and
their essential oil combination. A broad spectrum fungi toxic
activity was seen by complete inhibition of the mycelium
growth of 4. alternata, A. terreus, F. oxysporum, A. fumigatus,
H. oryzae and T. viride by the essential oil and their combina-
tion at 750 ppm.> At 500 ppm the essential oil of Citrus grandis
inhibited 4. flavus up to 48.1% and the combination of EOs
inhibited the species up to 44.0% respectively.” This leads to a
conclusion that essential oil of C. grandis can be a good can-
didate to perform as an antifungal agent. In a study carried out
by Bijun (2004) the ethanolic extract of Citrus grandis peel was
seen to be effective against some series of mold.'*> The extract
was found to inhibit the growth of Aspergillus niger V, Tiegh,
Penicillium and Aspergillus otyzae with inhibition rate of
60.5%, 59.5% and 34.3% respectively.'>> Antifungal activity
of the seed extracts of Citrus grandis was observed by Singh
and Navneet (2016)° against Aspergillus niger (MTCC 921)
and Candida albicans (MTCC 227). The minimum inhibition
zone against Candida albicans was 7.66 + 0.32 mm and MICs
was between 3.12 to 25 mg/mL for MeOH (1:3, 100 g seed
powder into 300 ml methanol) extract of the fruit’s seed.

Antiflatoxigenic activity. Aflatoxin, a toxin produced by certain
fungi (Aspergillus flavus and Aspergillus parasiticus) are poi-
sonous carcinogen and mutagen. Singh et al, 2010""? carried
out a study where essential oils (EOs) of C. grandis and
C. sinensis and their EO combination at 500 ppm showed a
complete inhibition of Aflatoxin B1(AFB1) in SMKY broth
(Sucrose, 200 g; MgSO,7H,0, 0.5 g; KNO;, 0.3 g; Yeast
extract, 7.0 g; distilled water, 1000 ml; pH, 5.6 + 0.2).119 Thus
EO of C. grandis and its EO combination with C. sinensis EO
can be used to activity against aflatoxin.

Antibacterial activity. Barrion et al (2014) studied the antibacter-
ial activity of the ethanolic extract (90%) of the phytochemical
constituents of the pericarp, mesocarp, and segment membrane
of Citrus grandis against 2 gram negative bacteria Escherichia
coli and Salmonella typhimurium.”” At 100% concentration the
highest zone of inhibition was observed for mesocarp extract
against S. typhimurium (18 mm), followed by the extract of
pericarp (17.10 mm) and the lowest zone of inhibition was
observed for the segment membrane extract (17.03 mm).”’
On the other hand, in all the 3 extracts E.coli was seen to be
inactive at 100% concentration.”’ Antibacterial activity of
ethanolic extract of Citrus grandis peel against Escherichia
coli, Staphylococcus aureus and Salmonella was also exam-
ined. The minimum inhibitory concentration (MIC) of the
extracts against different strains of bacteria were 2.5% for
E.coli, S. aureus and Salmonella respectively. The extract was
found to be effective more in acidic condition and the activity
decreased if the temperature was elevated to 80 © C."*> The
crude ethyl acetate extract of flavedo which is the peripheral
surface of Citrus grandis peel inhibited the growth of Gram-
positive bacteria.'*® Das et al (2013) used ethanolic (90%) leaf
extract of Citrus grandis to study its antibacterial activity
against Pseudomonas aeruginosa and E.coli where maximum
zone of inhibition was reported for P. aeruginosa.">” E.coli
showed higher MIC value for the extract than P. aeruginosa
(0.312mg/ml) but the Minimum bactericidal concentration
value (1.25mg/ml) was same for both the bacteria.*” In
another study of antibacterial activity of methanolic (175 ml
of methanol) extract of leaves, peel and pulp of Citrus grandis
against Escherichia coli (MTCC 40), P. aeruginosa (MTCC
424), Salmonella typhi (MTCC 3215), Staphylococcus aureus
(MTCC 3160), Klebsiella pneumoniae (MTCC 3384).”*7° 1t
was found that the maximum activity against all microorgan-
isms were remarkable for the extracts of leaves and pulp than
the peel of the fruit. The least activity was 8-9 mm shown by
the peel extract of Citrus grandis (red) and its pulp extract
showed a moderate activity of 12-8 mm followed by the Citrus
grandis (White) against the pathogenic bacteria. In a similar
study carried out by Singh and Navneet (2016), it was observed
that the seed extracts of Citrus grandis showed antibacterial
activity against common respiratory tract pathogens like Pseu-
domonas aeruginosa (MTCC 2474), Haemophillus influenzae
(MTCC 3826), Staphylococcus aureus (MTCC 1144), Strepto-
coccus pneumoniae (MTCC 655), Streptococcus pyogens
(MTCC 442). The highest antibacterial activity was seen by
metha3nolic extract followed by acetone, water and petroleum
ether.

Cytoprotective Effect

In 2009 Chularojmontri et al established a study about using
Citrus grandis as a functional food in order to protect the cells
from Doxorubicin induced cytotoxicity, increasing the phase 2
enzyme activity and accelerating the metabolism of carcino-
genic/ cytotoxic agents in rat model. It was seen in the study
that Doxorubicin treated mice decreased GST (Glutathione S
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Transferase) which is needed to protect cellular macromole-
cules from the attack of reactive electrophiles. But the incor-
poration of C. grandis fruit juice reversed Doxorubicin effect
by enhancing enzyme activity.'®

Reactive oxygen species (ROS) accumulation along with
endothelial injury and damage can be perilous to cardiovascu-
lar health. The presence of antioxidant compounds like: phe-
nolics, flavonoids, vitamins, carotenoids, anthocyanins helps in
reducing oxidative stress on the biomolecules.”>'** In vivo
studies of Citrus grandis fruit extract (10.1% w/v) on human
umbilical vein endothelial cell migration and aging indicated
an positive changes in cell migration and population doubling
level. In addition, the fruit extract also delayed the onset of
aging phenotype by senescence-associated B-galactosidase
(SA-B-gal) staining and attenuated increased ROS level in aged
cells.'*®

Anti-Glycation

Various studies investigated anti-glycation compounds from
natural sources. Several groups examined extract of Citrus
grandis and found antiglycation effect against oxidation-
dependent damage and fructose-mediated non-enzymatic gly-
cation to bovine serum albumin (BSA) which determined the
effects of this extract during the early stage (amadori products),
middle stage (protein oxidation) and last stage (the cross-
linking compound) of AGE (Advanced glycation end product)
formation.'*"'*? A study showed that the methanolic extract of
Citrus grandis pulp decrease the fructosamine level with reduc-
tion in production of AGE and CML (Chronic myelogenous
leukemia). Similarly, the methanolic extract of Citrus grandis
pulp inhibited proteinoxidation and prevented decreased pro-
tein carbonyl formation with the loss of thiol groups which
demonstrate the potentiality of Citrus grandis pulp extract to
be an antiglycation agent and prevent of pathogenesis condi-
tions associated with diabetic complication and aging.*?

Effect of Citrus grandis on Metabolic Disorders

Several groups observed that Citrus grandis peel or its ethano-
lic (70% ethanol; v/w 10/1) extracts of the whole fruit which
includes both pulp and peel of the fruit, have therapeutic poten-
tial in case of metabolic disorders by improving glucose meta-
bolism, preventing body weight gain, and lessening
dyslipidemia.'**'** Peel extract of Citrus grandis was found
to reduce body weight and blood TC, TG, LDL-c in a study
with obese mice by activating biochemical enzymes
responsible for lipid metabolism, such as carnitine palmitoyl-
transferase and lipase. Another study suggested in high-fat-diet
induced obese rats, Citrus grandis can recover lipid profiles
and prevent hypertension.'**Additionally, ethanolic (90%)
extracts (100 g was extracted with 90% ethanol (2 L) twice
at 80°C for 2 h of Citrus grandis peel has been reported to
contain numerous valuable effects on Hf diet-fed mice-with
the activation of GLUT4 and PPARa. It was found to prevent
the advance of obesity that was promoted by a HF diet and also

it had the potential of augmentation of dyslipidemia and hyper-
glycemia and reducing glucose resistance. Apart from this,
therapeutic potential of Citrus grandis peels extract as a tradi-
tional remedy for metabolic disorders has been reported in a
study using high fat diet induced rats.”

Hepatotoprotective and Nephroprotective Activities

Citrus grandis have been used as hepatoprotective and nephro-
protective agent. Citrus grandis peel powder supplementation
was tested in CCly treated rats which reported to prevent the
hepatic inflammation and fibrosis. CCl, is the most used hepa-
totoxic agent that induce large inflammatory cell infiltration
and oxidative stress in rat liver which has similar symptoms
of varied human dysfunctional liver.'"*> A study administrated
by Oboh et al (2014) determined that Citrus grandis juice in a
dose dependent manner, reduced plasma triglyceride level.*” It
was because of the presence of flavonoid which inhibits secre-
tion of hepatic apolipoprotein (apo) B, thus providing a hepa-
toprotective effect.'*® Another study performed by Chowdhury
et al (2015) to determine the hepatoprotective activity of pow-
der of Citrus grandis peel (0.5% of powder food) in CCly
treated rat model.’® They examined liver damage in rats by
measuring the alanine transaminase (ALT), aspartate transami-
nase (AST) and Alkaline phosphatase (ALP) enzyme activities.
This group also exhibited lipid peroxidation product (MDA),
nitric oxide (NO), advanced protein oxidation products level
(APOP), and catalase activities. Also included are histological
profiling for the inflammatory cell infiltration, collagen, and
iron deposition in liver.*® In addition, reduction of serum AST,
ALT and ALP activities in carbon tetrachloride treated rats was
observed after dietary supplementation of Citrus grandis. Its
powder of peel (0.5%) was found to significantly reduce oxi-
dative stress markers- Nitric Oxide (NO), Malondialdehyde
(MDA), APOP level and also found to restore catalase activity
in CCly treated rats. Furthermore, effectiveness of the peel
powder against liver disorders can be due to the presence of
antioxidant constituents such as caffeic acid and epicatechin.>
Likewise, methanolic leaf extract (25 g leaf powder mixed with
175 ml methanol) of Citrus grandis also exhibited significant
improvement in paracetamol induced hepatotoxicity in rat/
mice.”*”> Besides, when compare to control group Citrus
grandis fruit methanolic extracts were found to improve renal
function biomarkers in another study. Renal function of its
methanolic extract (25%) were examined by measuring the uric
acid, serum urea, creatinine levels and electrolytes such as K™,
Na™, Mg>", PO*", CI~ and Ca*" level where the group found
improved uric acid, serum creatinine and urea levels which
established the renal-protective efficacy of the extract.**

Circulatory Problems

Citrus grandis juice have been studied for inhibiting angioten-
sin converting enzyme (ACE) and hypocholesterolemic
activity by various activities. A study was designed by admin-
istering 3 different doses of methanolic extract (25%) of Citrus
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grandis in rats, which showed significant serum triglyceride
(TG) level reduction, and all atherogenic indices. In addition,
rats were found to have significantly increased high-density
lipoprotein cholesterol (HDL-C) level and decreased total cho-
lesterol(TC) and low-density lipoprotein cholesterol (LDL-C)
level when administered with 1000 mg/kg dose which exhib-
ited that Citrus grandis has preventive effect against cardio-
vascular disease.** Besides, a study was carried out on Citrus
grandis and Citrus paradisii juices to observe the interaction of
ACE with citrus fruit juices which showed in a dose dependent
manner inhibition of ACE and Citrus grandis was found to
provide superior ACE inhibitory activity than Citrus paradisii
(p < 0.05). In addition, there also was a significant decrease
(p < 0.05) in total cholesterol (87.32 mg/dL vs. 60.32 mg/dL)
with increased quantities of citrus fruit juices. Also, significant
increase in HDL-C and decrease (p < 0.05) in LDL-C athero-
genic index in rats were observed when compared to the con-
trol, which can inhibit the key enzyme related hypertension and
hypocholesterolemia.?” The juice extracts of C. grandis
showed potent activity in ameliorating cardiac condition by
inhibiting the ACE enzyme and also maintain the balance of
LDL-C and HDL-C in blood.

Conclusion

Citrus grandis have been used for years as a part of traditional
medicine but now the fruit has been recognized in the era of
modern medicine for its beneficiary uses. This study sum-
marizes significant activities of the citrus fruit against hyperli-
pidemia, inflammation, microorganisms, cancer, glycation,
metabolic disorders, oxidation etc. The presence of various
chemical components like steroids, phenols, alkaloids, glyco-
sides, flavonoids, saponins, cardiac glycosides, carbohydrate
and amino acid aids in exhibiting therapeutic activity of the
fruit. Besides the therapeutic activity, the fruit is famous for
having different nutritional value and health benefits. The
chemical components like carotenoids, flavonoids, limonoids,
essential oils, acridone alkaloids, minerals and Vitamin B com-
plex makes it a beneficial fruit for the improvement of health
conditions. This article valorizes the effects that Citrus grandis
provides to improve health condition and further studies on
various parts of fruit, including pulp, peel, leaf, seed and it
essential oil can help us in discovering new activities which
can be beneficial to the mankind.
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