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Abstract

Ziziphus spina-christi (L) Willd., belonging to the family Rhamnaceae, is a
popular medicinal plant of Arabian peninsula. The plant being heat and drought
resistant grows well in the extreme harsh environmental conditions of Middle
East and North Africa (MENA) region. The ripe fruits are eaten as source of
nourishment. The plant contains diverse classes of secondary plant metabolites
such as cyclopeptide alkaloids, flavonoids, triterpenic acids, phenolic acids,
tannins, volatile oils, fatty acids, saponins, etc.

Ziziphus spina-christi (ZSC) is used as a traditional medicine in Iran, India,
Middle East, and several African countries. Almost all the parts of ZSC viz., the
fruits, seeds, leaves, roots, and barks, are used by the herbalists and traditional
medicinal practitioners for medicinal purpose to restore the good health. Many
studies have shown the crude extracts of various parts of the Ziziphus plant to
possess antimicrobial, anticancer, antidiabetic, antinociceptive, antihypertensive,
antidiarrheal, and CNS effects. The outcomes of these scientific studies have by
and large validated its folkloric uses. The plant owing to its high polyphenolic
content has also been explored as an alternative source of biosynthesis of metal
nanoparticles. Although ZSC fruits and leaves appear to be safe in experimental
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animals, there is a scarcity of the available scientific data on the toxicity
associated with the consumption of the various parts of the ZSC plant.

This chapter aims to provide an updated comprehensive review of biologically
active phytochemicals isolated from the various parts of the ZSC, traditional uses,
patents granted, application in nanotechnology, and in vitro and in vivo pharma-
cological studies along with its toxicological profile.

Keywords

Ziziphus spina-christi · Christ’s thorn · Cyclopeptide alkaloids · Traditional uses ·
Sidr

Abbreviations

5-HT 5-Hydroxyl tryptamine (serotonin)
ABTS 2,2-Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) assay
AcOH Acetic acid
AgNPs Silver nanoparticles
ALKP Alkaline phosphatase
ALT Alanine aminotransferase
AST Aspartate aminotransferase
ATP Adenosine triphosphate
BALP Bone alkaline phosphatase
BHT Butylated hydroxytoluene
BMD Bone mineral density
cAMP Cyclic adenosine monophosphate
CCl4 Carbon tetrachloride
CNS Central nervous system
COVID Coronavirus disease
sCT Serum calcitonin
CuNPs Copper nanoparticles
CV Crystal violet
DA Dopamine
DENA Diethyl nitrosamine
DNA Deoxyribonucleic acid
DPPH 2,2-Diphenyl-1-picrylhydrazyl
EGFR Epidermal growth factor receptor
FRAP Ferric reducing/antioxidant power
GABA Gamma-aminobutyric acid
GSH Glutathione peroxidase
HbA1C Hemoglobin A1c or glycated hemoglobin
HDL High-density lipoproteins
HOMA Homeostatic model assessment of β cell function
HOMA-IR Homeostatic model assessment of insulin resistance
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HORAC Hydroxyl radical assay
HPLC-MS High-performance liquid chromatography-mass spectrometry
HR Heart rate
IGF-1 Insulin-like growth factor 1
IL-1β Interleukin 1 beta
KATP ATP-sensitive potassium channel
LD50 Lethal dose in 50% of population
LDL Low-density lipoproteins
LFT Liver function tests
LPO Lipid peroxidation
MCA Metal chelation assay
MCH Mean corpuscular hemoglobin
MDA Malondialdehyde
MLZ Mesalazine
MPP 1-methyl-4-phenylpyridinium
mRNA Messenger ribonucleic acid
NE Norepinephrine
NF-κB Nuclear factor kappa-light-chain-enhancer of activated B cells
NO Nitric oxide
OC Osteocalcin
PC1 Procollagen type 1
PTH Serum parathyroid hormone
PTZ Pentylenetetrazol
qRT-PCR Real-time quantitative reverse transcription Polymerase chain reaction
RFT Renal function tests
RNA Ribonucleic acid
ROS Reactive oxygen species
SC Subcutaneous
SGOT Serum glutamate oxaloacetate transferase
SGPT Serum glutamate pyruvate transaminase
SMA Spontaneous motor activity
SOD Superoxide dismutase
SRSA Superoxide radical scavenging activity
STZ Streptozotocin
TRAP Tartrate-resistant acid phosphatase
TRPA Total reducing power ability
VLDL Very-low-density lipoproteins
WHO World Health Organization
ZSC Ziziphus spina-christi
ZSCF Ziziphus spina-christi fruits
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2.1 Introduction

Ziziphus spina-christi (L) Willd., (ZSC) commonly known as Sidr in Arabic and
Christ’s thorn or Jujube in English belongs to the family Rhamnaceae. It is geo-
graphically distributed in a vast area of Africa, Asia, and Middle East (Motamedi
et al. 2014). The species is native to several countries including Chad, Djibouti,
Eritrea, Ethiopia, Kenya, Libya, Mali, Mauritania, Nigeria, Pakistan, Senegal,
Somalia, Tunisia, Turkey, and Zimbabwe. The species is exotically distributed in
Algeria, Comoros, Egypt, India, Iran, Iraq, Israel, Jordan, Madagascar, Morocco,
Holland, Saudi Arabia, Syria, United Arab Emirates, and Zanzibar (Orwa et al.
2009).

It is known to be as one of the most heat-tolerating and drought-resistant fruit
crops adapted to the harsh environmental conditions of Arabian Peninsula
(Sudhersan and Hussain 2003). There are about 100 species in the genus Ziziphus,
but among all ZSC is widely cultivated in Arabian Peninsula along with few other
Ziziphus species for their edible fruits and wood. The tropical evergreen Sidr tree is
approximately 10–12 m in height and grows widely throughout Oman but more
prominently in Dhofar region and in Northern Oman during monsoon season. Its
characteristic leaves which are ovate to elliptical in shape and are thinly hairy,
glabrous beneath along the veins, distinguish it from other Ziziphus species (Miller
and Morris 1988). Leaves are alternate, 2–4 cm long, 1.5–3 cm across, and have
rounded tip with crenate or serrate margin, and the base is round to subcordate
(Fig. 2.1). Although the nutritional value of ZSC leaves is not very high for domestic
animals, in Northern Oman leaves are used as a source of livestock forage and fodder
under open grazing field (Ghazanfar 1994a, b; Ghazanfar and Sabahi 1993).

The ZSC fruit is called nabaq and is rich in vitamin C. Since ancient time ZSC
fruits are consumed by a large population in Oman villages as a source of nourish-
ment. The fruit ripens during hot and dry weather, and the pulp of the yellow ripe
fruit (diameter 1–1.5 cm) with a single obovate seed (6–7 � 5–6 mm, brown) tastes
like apple. The fruit, if stored in dry place for long time, becomes reddish brown,
sweeter, and softer with age (Miller and Morris 1988). The kernels are also eaten raw
or cooked in water, milk, or buttermilk to treat the pneumonia. The fruits are eaten by
grazing sheep and goats and the foliage by camels. The powdered sun-dried fruits are
mixed with water to prepare cakes similar to gingerbread (Ali et al. 2006).

In Oman, the fruits are traditionally used for cleansing the stomach, purification
of blood, and occasionally as abortifacient. The fruit has also been reported to
stimulate appetite if eaten before meal and believed to possess anti-hair-falling
properties. The ZSC leaves either crushed or chewed were used as cleansing agent
for the whole body, particularly for hair and scalp as shampoo. The paste of the
boiled leaves is used to treat headache, to soothe skin ulcers and infected sores, to
reduce inflammation and pain of joints or fractured limbs. The decoction of leaves is
said to have oxytocic properties and thus used to prolong the labor (Miller and
Morris 1988; Ghazanfar 1994a, b).

Flowers are in dense clusters in the axil of the leaves. The calyx is five lobed and
cup-shaped at the base and the petals are yellowish. The ZSC flowers are very
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important bee forage, and the honey produced there from is considered of excellent
quality (Sudhersan et al. 2016).

2.2 Traditional/Folklore Medicinal Uses of Ziziphus
spina-christi

ZSC has been traditionally utilized as a prominent medicine to uphold health
(El Ghazali et al. 1994). Majority of the folklore claims of ZSC are scientifically
validated and reported, but some traditional uses are prevalent in one or other
cultural groups/regions. As per the WHO report, majority of the people from the

Fig. 2.1 Picture showing ZSC fruit (a), seed kernel (b), leaf (c), and full view of the tree (d).
(Original pictures taken by Ms. Al Ghaliya Al Farsi, Oman)
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developing countries still rely on traditional cures prepared from natural sources for
their primary healthcare needs. A large number of people especially in areas that
have difficulty to access modern pharmaceuticals completely depend on traditional
uses of natural medicine for acute and chronic ailments (Carmona and Pereira 2013).
Various parts of the Ziziphus plant including crude extracts of root, stem, flower,
fruit, and twigs have been extensively explored for the diverse pharmacological
activities in order to validate its folklore claim. The results of several in vitro and
in vivo pharmacological studies have validated and supported the
ethnopharmacological uses of ZSC and are presented in Table 2.1.

ZSC is a very popular traditional medicine in Iran, India, Middle East, and several
African countries. Almost all the parts of ZSC, viz., the fruits, seeds, leaves, roots,
and bark, are used for medicinal purpose to maintain and restore good health
(Asgarpanah and Haghighat 2012).

In India, a formulation prepared using ZSC bark is used for the cleansing of
wounds and sores. The gum of the tree is used to treat eye diseases, while the leaves
are chewed to mask the bitter or unpleasant taste of medicines (Miller and Morris
1988). A narcotic beverage made from the fruits is used as tranquilizer and sedative
in Egypt and the southern Sahara (Younes et al. 1996). Egyptian use leaves along
with the conventional medicines to treat abscesses, bubbles, and swollen eyes. The
fiery wood debris is applied topically to treat snakebite (Abdel-Galil and El-Jissry
1991).

In Saudi Arabia, the fruits are eaten for their laxative property, and the leaves are
used to heal wounds, to treat skin diseases, as diuretic, and also as a body wash. The
stem bark is used in toothache and as an antipyretic (Tanira et al. 1988; Ali et al.
2006). In Morocco, the fruits are used for their emollient and astringent actions,
while the leaves are used to reduce eye inflammation (Ali et al. 2006).

In Sudan, the sore throat is treated by eating fruits, the bark is used for chest pain,
and a root infusion is taken orally to combat dysentery (El Ghazali et al. 1997). The
roots are popularly used in the treatment of urinary and gynecological problems in
Zimbabwe. Bark decoctions have been reported to be used for chest diseases in
South Africa. In Mali and Niger, the roots and the leaves are utilized for gastric
infections, chest pain, sexually transmitted diseases, diarrhea, wounds, constipation,
and nervousness (El Ghazali et al. 1997; El Maaiden et al. 2020).

2.3 Phytochemistry of ZSC

The phytochemistry and related aspects of all the parts of ZSC plant have been
extensively studied over the past five to six decades. The phytochemical analysis has
resulted in the isolation, separation, and identification of hundreds of minor and
major phytoconstituents of diverse chemical classes (Fig. 2.2). ZSC is reported to
contain cyclopeptide alkaloids, flavonoids, triterpenic acids, phenolic acids, tannins,
volatile oils, fatty acids, saponins, etc. However, maximum numbers of compounds
have been isolated from the ZSC leaves (Fig. 2.3).
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Table 2.1 Traditional pharmacological uses of various parts of ZSC

Plant
parts Traditional pharmacological uses References

Leaf Chest pains, asthma, headache, eye
inflammations, diarrhea, stomach pain,
constipation, hemorrhoids, anthelmintic,
increase milk production, ease prolonged
labor, blisters, skin diseases and disorders,
abscesses and furuncles, lung-related
problems, chest and pectoral problems,
blood purifier and tonic, high blood
pressure, fractures, emollient, cooling,
tonic, stomachic, astringent, hair
problems, infant’s powder, nervousness,
numb the taste buds, insomnia,
antidiabetic, gonorrhea, sex diseases,
inflammatory conditions, ulcers, wound
healing, heartburn

Miller and Morris (1988), Dafni et al.
(2005), Saied et al. (2008), Ads et al.
(2017), Abdel-Zaher et al. (2005), Abdel-
Galil and El-Jissry (1991), Kadioglu et al.
(2016), Panche et al. (2016), Dkhil et al.
(2018a, b), Dafni et al. (2005), Bown
(1995), Neuwinger (1996), Iwu (1993),
Asgarpanah and Haghighat (2012) and
Deshpande et al. (2019)

Root Toothache, gum problems, arthritis,
general painkiller, eye inflammations,
antipurgative

El Ghazali et al. (1994), Dafni et al.
(2005), Saied et al. (2008), Abdel-Galil
and El-Jissry (1991) and Neuwinger
(1996)

Bark Toothache, gum problems, anodyne,
cooling, tonic stomachache, intestinal
spasms, body rinse, to cure fresh wounds

El Ghazali et al. (1994), Dafni et al.
(2005), Saied et al. (2008) and Abdel-
Galil and El-Jissry (1991)

Stem Nervousness, heart pains, muscle pains,
scorpion sting, rheumatism, anti-
inflammatory for eye wash, treat
toothache and stomachache,
antirheumatic, dysentery, bronchitis,
coughs, and tuberculosis

El Kamali and El Khalifa (1999),
Ali-Shtayeh et al. (1998), Dafni et al.
(2005), Saied et al. (2008), Ads et al.
(2017), Alzahrani et al. (2016), Panche
et al. (2016) and Dkhil et al. (2018a, b)

Fruit Anus problems, liver problems, swollen
organs, weight reduction, colds,
febrifuge, measles, stomachache, cooling,
depurative, plood purifier and tonic, lung,
chest, and pectoral problems, burns,
blisters, wounds, promoting pregnancy,
diarrhea, anthelmintic, stomach disorders,
aches, constipation, heartburn, headache,
chest pains, asthma, bruises, dysentery,
bronchitis, coughs, tuberculosis

Jongbloed (2003), Dafni et al. (2005),
Saied et al. (2008), Ads et al. (2017),
Alzahrani et al. (2016), Abdel-Galil and
El-Jissry (1991), Kadioglu et al. (2016),
Panche et al. (2016), Neuwinger (1996),
Guizani et al. (2013), Deshpande et al.
(2019) and Asgarpanah and Haghighat
(2012)

Seed Hair problems, blisters, anthelmintic, eye
inflammations, headache, chest pains,
asthma, bruises

Dafni et al. (2005), Saied et al. (2008),
Abdel-Galil and El-Jissry (1991), Dkhil
et al. (2018a, b) and Asgarpanah and
Haghighat (2012)

Wood Toothache, gum problems Dafni et al. (2005) and Saied et al. (2008)

Resin Hair problems, febrifuge, skin diseases Dafni et al. (2005) and Saied et al. (2008)
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2.3.1 Volatile Oils in the Leaves, Fruits, and Flowers of ZSC

The major volatile constituents of the leaves of ZSC grown in Iran were identified as
geranyl acetone (14.1%) and farnesyl acetone C (9.9%). The minor volatile
constituents of the ZSC leaves include β-eudesmol (3.8%), E-β-ionone (1.4%),
spathulenol (1.2%), terpinolene (1.2%), germacrene D (1.1%), and nerolidol
(1.1%). Allo-aromadendrene, β-pinene, β-caryophyllene, α-terpineol, α-pinene,
1,8-cineole, nerol, aromadendrene, δ-cadinene, p-cymene, and limonene were also
detected in the oil, but their concentration was found to be less than 1% (Ghannadi
et al. 2003). However, another study carried out by Fard et al. using the aerial parts of
aucheri variety of ZSC grown in the same region of Iran could only identify
11 compounds representing 92.14% of the volatile oil. They identified carotol
(42.20%) as the main constituent (Fard et al. 2020). On the other hand, the leaves

Fig. 2.2 Various chemical classes of phytochemicals identified in ZSC
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of the Egyptian variety have been reported to be rich in α-terpineol (16.4%) and
linalool (11.5%) (Younes et al. 1996).

The chemical composition of volatile oil isolated from the fresh fruits of ZSC
grown in Giza, Egypt, was reported by Said et al. (2010a, b). The GC-MS analysis
revealed the presence of 21 chemical compounds in the fresh fruits constituting
99.3% of the oil. The major constituents of the oil were found to be dodecanoic acid
(22.4%) and oleic acid methyl ester (17.1%) (Said et al. 2010a, b).

Flower volatile constituents of ZSC collected from Alexandria, Egypt, were
isolated using closed-loop stripping analysis (CLSA) and solid-phase micro-extrac-
tion (SPME) techniques. The oil upon GC-MS analysis showed the presence of
22 volatile compounds belonging to different chemical classes, viz., aldehyde
(19.69%), monoterpene-alcohol (22.78%), ketone (18.12%), ester (3.80%), and
hydrocarbon (21.64%). Linalool (16.34%) was characterized as the major constitu-
ent, but nonanal (11.56%), D-limonene (6.43%), lavandulol (2.59%), and
α-terpineol (0.96%) were also identified in the floral oil. The flowery, fruit, and
sweet smell odors of the characterized volatile constituents were attributed to the
characteristic unique odor of the flowers of ZSC (Shonouda et al. 2008). The
chemical structures of some identified volatile constituents in the ZSC are presented
in Fig. 2.4.

Fig. 2.3 Major chemical classes of phytochemicals present in different parts of ZSC
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2.3.2 Phytochemicals Isolated from the Leaves of ZSC

Phytochemical investigations of the leaves of ZSC have shown the presence of
various chemical classes of secondary plant metabolites. However, the yield and
extraction efficiency of biologically active secondary metabolites from the ZSC
leaves depend upon the polarity of solvents. Leaves of ZSC are widely used by
traditional medical practitioners/herbalists in the gulf region for the treatment of skin
diseases and to heal wounds. The leaves are also used as anti-inflammatory, antipy-
retic, and diuretic and as a body wash. The chemical compounds characterized in the
various organic extracts of ZSC leaves are presented in Table 2.2 which indicates
that leaves predominantly contain flavonoid glycosides, cyclopeptide alkaloids,
saponins, and triterpenic acid besides lipids, volatile oils, and carbohydrates. The

O
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Fig. 2.4 Chemical structures of some important chemical constituents present in the ZSC
volatile oil
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Table 2.2 Chemical compounds isolated from the ZSC leaves extract

S. no.
Chemical
class Name of chemical compound Reference

1. C-flavonoid
glycoside

Naringenin-6,8-dihexoside Okamura et al. (1981)

2. (Epi)catechin-di-C-hexoside Pawlowska et al. (2009)

3. 30,50-Di-C- β-D-glucosylphloretin Nawwar et al. (1984)

4 Apigenin-6-C-glucoside Nawwar et al. (1984)

5. O-flavonoid
glycoside

Myrecetin-3-O-(6-rhamnosyl)
hexoside-O-glycoside

Sakna et al. (2019)

6. Quercetin-3-O-(2,6-dirhamnosyl)
hexoside

Bozicevic et al. (2017)

7. Quercetin-3-O-(2,hexosyl)-6-
rhamnosyl) hexoside

Sakna et al. (2019)

8. Kaempferol-3-O-(2,6-dirhamnosyl)
hexoside

Pawlowska et al. (2009)

9. Quercetin-3-O-robinoside Pawlowska et al. (2009)

10. Quercetin-3-O-rutinoside Pawlowska et al. (2009)

11. Bayarin Devkota et al. (2013)

12. Quercetin-3-O-hexoside Devkota et al. (2013)

13. Kaempferol-3-O-rutinoside Devkota et al. (2013)

14. Quercetin-3-O-(2-pentosyl-
rhamnoside)-40-O-rhamnoside

Devkota et al. (2013)

15. Taxifolin-3-O-glucoside Ali et al. (1984)

16. Apigenin-7-O-glucoside Nawwar et al. (1984)

17. Quercetin-3-O-glucoside-7-O-
rhamnoside

Nawwar et al. (1984)

18. Acyl-flavonoid
glycoside

Quercetin-3-O-p-coumaroyl
(2,6-dirhamnosyl)-hexoside

Sakna et al. (2019)

19. 60 00-Caffeoyl 30,50-di-C-
glucopyranosylphloretin

Sakna et al. (2019)

20. Quercetin-3-O-(4-O-p-coumaroyl)-2-
rhamnosyl-[6-rhamnosyl]-galactoside
(16)

Bozicevic et al. (2017)

21. Kaempferol-3-O-(4-O-p-coumaroyl)-
2-rhamnosyl-[6-rhamnosyl]-
galactoside

Sakna et al. (2019)

22. Quercetin-3-O-(4-O-p-coumaroyl)-2-
rhamnosyl-[6-rhamnosyl]-glucoside

Sakna et al. (2019)

23. Flavonoid
Alkaloid

Taxifolin Ali et al. 1984

24. Dihydrokaempferol Ali et al. (1984)

25. Rutin Nawwar et al. (1984)

26. Hyperin Nawwar et al. (1984)

27. Quercetin Nawwar et al. (1984)

28. Mauritine F Gournelis et al. (1998)

29. Daechuine S5 Gournelis et al. (1998)

30. 4(13)-Nummularine-C Sakna et al. (2019)

31. Sanjoinine B Gournelis et al. (1998)

(continued)
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Table 2.2 (continued)

S. no.
Chemical
class Name of chemical compound Reference

32. Oxyphylline A Tuenter et al. (2017a, b)

33. Lotusanine A/Frangufoline Gournelis et al. (1998)

34. Jubanine C Tripathi et al. (2001)

35. Adouetine Z Gournelis et al. (1998)

36. Scutianine-A Gournelis et al. (1998)

37. Saponin Jujubogenin-3-O-(di-deoxyhexosyl)-
hexoside

Sakna et al. (2019)

38. Jujuboside B1 Matsuda et al. (1999)

39. Christinin A–D Mahran et al. (1996)

40. Christinin A1 and A2 Bozicevic et al. (2017)

41. 15-acetoxy lotoside IV Bozicevic et al. (2017)

42. Jujubasaponin II/III isomer Yoshikawa et al. (1992)

43. Jujubogenin Kamil et al. (2000)

44. Lotoside III Bozicevic et al. (2017)

45. Siconigenin-3-O-α-L-
rhamnopyranosyl-(1 ! 4)-α-L-
rhamnopyranosyl-(1 ! 2)-β-D-
glucopyranoside

Bozicevic et al. (2017)

46. Konarigenin-3-O-α-L-
rhamnopyranosyl-(1 ! 4)-α-L-
rhamnopyranosyl-(1 ! 2)-β-D-
glucopyranoside

Bozicevic et al. (2017)

47. Onigenin-3-O-α-L-rhamnopyranosyl-
(1 ! 4)-α-L-rhamnopyranosyl-
(1 ! 2)-β-D-glucopyranoside

Bozicevic et al. (2017)

48. Triterpenic
acid

Oleanonic acid Guo et al. (2011)

49. Ceanothic acid Ikram and Tomlinson
(1976)

50. Alphitolic/maslinic acid Bai et al. (2016)

51. Zizyberanalic acid/pomonic acid Guo et al. (2011)

52. Ceanothic acid isomer Guo et al. (2010) and Leal
et al. (2010)

53. 3-O-Z-p-Coumaroylalphitolic acid/3-
O-Z-p-coumaroylmaslinic acid

Guo et al. (2011)

54. Betulinic acid Ikram and Tomlinson
(1976) and Ali et al. (1984)

55. Ursolic acid Ali et al. (1984)

56. Fatty acid Trihydroxy-octadecadienoic acid Sakna et al. (2019)

57. Dihydroxy dodecadienoic acid Sakna et al. (2019)

58. Trihydroxy-octadecenoic acid Sakna et al. (2019)

59. Amino-hexadecanediol Sakna et al. (2019)

60. Amino-methyl; heptadecanetriol Sakna et al. (2019)

61. 2-Amino-1,3-octadecanediol Sakna et al. (2019)

62. Octadecatetraenoic acid Sakna et al. (2019)

(continued)
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flavonoid content (145 mg/g) of dried extract of ZSC leaves is quite higher than the
alkaloid (10.1 mg/g) or tannin contents (17.7 mg/g) (Khaleel 2018a). The traditional
uses of leaves of ZSC could be attributed to the presence of large number of bioactive
compounds. Several scientific studies have been conducted to validate the pharma-
cological properties of the characterized compounds in the leaves (Tanira et al. 1988;
Glombitza et al. 1994). Christinin A, the principle saponin glycoside of leaves of
ZSC, has been shown to exert hypoglycemic effect in diabetic rats (Glombitza et al.
1994). Presence of saponins in the leaves imparts good surface activity making it a
good detergent even at low concentration. This justifies the folkloric use of aqueous
extract of leaves as a natural shampoo in Oman and other gulf countries. A pure
herbal shampoo formulated using aqueous ZSC leaves extract showed comparable
results with the branded commercial shampoo available in the market in terms of
cleansing, detergency, surface tension, bubble size, foam stability, % solid content,
and conditioning performance (Al-Badi and Khan 2014).

Weinges and Schick detected dodecaacetylprodelphinidin B3, a
proanthocyanidin from the dried leaves of ZSC. They also identified the presence
of sugars [glucose (4.4%), sucrose (21%), oligomers and polymers of
prodelphinidins (16%), betulinic acid (1.7%), sitosterol β-D-glucoside (2%), and
tannins (+)-gallocatechin (1.7%) and (�)-epigallocatechin (0.9%)] in the butanol
extract of the leaves (Weinges and Schick 1995). Bozicevic et al. (2017)
characterized 10 dammarane-type saponins and 12 known phenolic compounds

Table 2.2 (continued)

S. no.
Chemical
class Name of chemical compound Reference

63. Myristic acid Ali et al. (1984)

64. Stearic acid Ali et al. (1984)

65. Oleic acid Ali et al. (1984)

66. Linoleic acid Ali et al. (1984)

67. Arachidic acid Ali et al. (1984)

68. Cetyl alcohol Ali et al. (1984)

69. Steroid/sterol β-Sitosterol Ali et al. (1984)

70. Sitosterol β-D-glucoside Weinges and Schick
(1995)

71. Sugar Lactose, glucose, galactose, arabinose,
sucrose, xylose, and rhamnose

Brantner and Males (1999)
and Weinges and Schick
(1995)

72. Tannin (+)-Gallocatechin (1.7%) Weinges and Schick
(1995)

73. (�)-Epigallocatechin (0.9%) Weinges and Schick
(1995)

74. Anthocyanidin Dodecaacetylprodelphinidin B3 Weinges and Schick
(1995)

75. Polymers of prodelphinidins Weinges and Schick
(1995)
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from the ZSC leaves. Eight saponins were isolated for the first time from ZSC leaves
(Bozicevic et al. 2017). The list of chemical compounds isolated from the leaves of
ZSC is presented in Table 2.2, and structures are given in Fig. 2.5.

2.3.3 Phytochemicals Isolated from the Stem, Root, and Barks
of ZSC

The phytochemical investigation of ZSC stem bark revealed the presence of a novel
bioactive class of polyamidic compounds classified as cyclopeptide alkaloids
(Tschesche et al. 1974; Shah et al. 1986; Abdel-Galil and El-Jissry 1991).
Cyclopeptide alkaloids are made up of two parts, a 13-, 14-, or 15-membered
macrocyclic ring and a side chain. Majority of these alkaloids contain a
14-membered ring, but few compounds with a 13-membered ring, e.g., amphibine-
H, jubanine-A, and zizyphine-F belonging to zizyphine-A type, were also
characterized. Cyclopeptide alkaloids with 14-membered rings are frangulanine-
type compounds (with a β-hydroxyleucine moiety), amphibine-B/D/F-type
compounds (with a β-hydroxyproline), and integerrine-type (with a
β-hydroxyphenylalanine) moieties. Nummularine-D and Nummularine-E are
examples of integerrine type of alkaloids. Occurrence of spinanine-A, B, and C,
14-membered cyclopeptide alkaloid of the amphibine-B type, has been reported in
the bark (Tuenter et al. 2017a, b; Fathy et al. 1990). Some more cyclic peptide
alkaloids such as franaganine, mauritine C, and sativanine A were also isolated from
the stem bark of ZSC (Tschesche et al. 1974; Shah et al. 1986). Soliman et al.
identified 13-dehydrobetulin [(EtOH) λmax 210 nm)], a novel betulin derivative from
ZSC stems (Soliman et al. 2019). Mohammed et al. demonstrated the anticholinergic
properties of the ethanolic extracts of stem bark of ZSC and provided the scientific
evidence that the plant’s folkloric use as antispasmodic is partly or wholly due to the
presence of bioactive cyclopeptide alkaloids (Mohammed et al. 2012).

A pentacyclic triterpene exhibiting antiplasmodial activity was isolated from the
ZSC root bark. The bioactive compound was characterized as betulinic acid (also
known as mairin) (Adzu et al. 2011).The organic extracts of various polarities of
stem bark of ZSC have yielded betulin, hexadecanoic acid ethyl ester, and phytol in
major amounts, while quercetin (0.46%), stigmasterol (0.65%), and α- sitosterol
(0.68%) were detected in minor quantities (Ads et al. 2018). The bark contains
condensed tannins (9.25%) as well as leucocyanidin (Singh et al. 1965). Free sugars
such as fructose, glucose, raffinose, and sucrose have also been identified (Ghazanfar
1994a, b). Presence of epigallocatechin and gallocatechin in the ZSC stem extract is
also documented (Kadioglu et al. 2016). Lupeol and betulinaldehyde, two lupane-
type triterpenoids, and β-sitosterol, a sterol, were isolated for the first time from the
root bark of ZSC grown in Sudan (Elnagar and Modawi 2016).

The ethanolic extract of ZSC roots furnished a flavonoid epicatechin which
exhibited potent antioxidant and insecticidal activity (Elaoui et al. 2020). The
chemical structures of some major phytochemicals isolated from the stem, root,
and barks of ZSC are given in Fig. 2.6.
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2.3.4 Phytochemicals Isolated from the Fruits of ZSC

The edible part of ZSC fruits without seeds (pulp) is a good source of carbohydrates
(85.69%). It contains free sugars [glucose (6.2%), rhamnose (2.6%), xylose (5.7%),
and fructose (78%) of total sugars] and 7.5% of mucilage content making it a popular
demulcent and emollient in the traditional medicine (Nazif 2002; Ads et al. 2017).
Berry-Koch et al. reported that approximately 4.8 g protein, 0.9 g fat, 3.7 mg niacin,
and 30 mg ascorbic are present in 100 g of the dried fruit pulp giving approximately
315 calories (Berry-Koch et al. 1990), while the content of protein and fat in
Sudanese ZSC fruit pulp was found to be 4.56 and 1.17 g (Osman and Ahmed 2009).

Shahat et al. (2001) reported the isolation of the flavonoids quercetin,
hyperoside, and rutin and a novel flavonol triglycoside quercetin-3-O-[β-xylosyl-
(1 ! 2)-α-rhamnoside] 40-O-α- rhamnoside) from the ethylacetate fraction of the
ethanolic extract of ZSC fruits (Shahat et al. 2001). The extract also exhibited
significant antiviral activity against Herpes simplex type 1 (HSV1). Pawlowska
et al. (2009) isolated ten flavonoid glycosides of O and C types from the methanol
extract of ripe edible fruits of ZSC. The glycosylated flavonoids were having
quercetin and kaempferol aglycones connected to one, two, or three sugar moieties.
One C-glycoside, 30,50-di-C-β-D-glucosylphloretin, was also detected by means of
HPLC/ESI-MS analyses. The identified flavonoids include quercetin 3-O-
robinobioside, quercetin 3-O-rutinoside, kaempferol 3-O-robinobioside, kaempferol
3-O-rutinoside, quercetin 3-O-α-L-arabinosyl-(1 ! 2)-α-L-rhamnoside, quercetin
3-O-β-D-xylosyl-(1 ! 2)-α-L-rhamnoside, quercetin 3-O-β-D-galactoside, quercetin
3-O-β-D-glucoside, and quercetin 3-O-β-D-xylosyl-(1 ! 2)-α-L-rhamnoside-
40-O-α-L-rhamnoside (Pawlowska et al. 2009) (Fig. 2.7). Phenolic compounds
such as p-hydroxybenzoic acid, tyrosol, vanillic acid, caffeic acid, gallic acid, p-
coumaric acid, tannic acid, ferulic acid, etc. have been isolated from the fruits of ZSC
(Amany et al. 2013).

GC-MS analysis of nonpolar (n-hexane) extract of ZSC fruits led to the identifi-
cation of 26 chemical compounds comprising of aromatic hydrocarbons and volatile
compounds. The main aromatic hydrocarbons identified in the extracts were
6-phenyl-dodecane (14.90%); 6-phenyl-tridecane (11.38%); 2, 3, 4, and 5-phenyl-
undecane (30.65%); and 2, 3, and 4-dodecane (15.67%). Some of the identified
volatile constituents include m-cymene (1.95%), crypton (1.58%), α-pinene
(1.20%), (+)-sabinene (1.11%), α-bergamotene (0.56%), and farnesan (0.47%)
(El-Hefny et al. 2018).

2.3.5 Phytochemicals Isolated from the Seeds of ZSC

The total protein content and total lipid content of ZSC seeds were reported to be
15.9% and 2.3% of dry weight. Seeds showed the presence of 15 amino acids out of
which 70% were non-essential and 17.1% semi-essential and essential amino acids
made up only 12.8% of the total mixture (Hashem and Saleh 1999). Saponifiable
fraction showed the presence of 13 fatty acids comprising of 83.5% unsaturated and
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16.5% saturated acids. Linoleic acid C18:2 (45%) and linolenic acid C18:3 (20.01%)
were noted to be the major fatty acids. Hasham and Saleh suggested that the broad-
spectrum antimicrobial activity of the plant extracts might be due to their high
content of unsaturated fatty acids (Hashem and Saleh 1999). Unsaponifiable fraction
contained a mixture of n-C12 to n-C30 hydrocarbons with hexacosane (n-C26) being
the major component (12.9% of total unsaponifiable matter). Cholesterol and
β-sitosterol were also detected in significant amounts of 21.7% and 27.1%, respec-
tively (Nazif 2002).

Said et al. reported the isolation and characterization of two new cyclic amino
acids, 4-hydroxymethyl-1-methyl pyrrolidine-2-carboxylic acid and 4-hydroxy-4-
hydroxymethyl-1-methyl pyrrolidine-2-carboxylic acid (Said et al. 2010a, b), and
three phenolic compounds ( p-hydroxybenzoic acid, kaempferol, and rutin from the
methanolic seeds extract of ZSC (Said et al. 2011). The HPLC-MS profiling of
ZSC methanolic seed extract leads to the characterization of spinosin, 6000

sinapoylspinosin, and 6000 feruloylspinosin. These flavonoids have been known to
act on the GABA and serotonin systems in CNS and produce anxiolytic, memory-
ameliorating, and sleep-inducing effects. The flavonoids constituted 15.2%, 4.6%,
and 9.7% of the total extract, respectively (Kadioglu et al. 2016; Wang et al. 2010;
Liu et al. 2014). Proximate analysis of ZSC seed kernels (on dry weight basis)
showed the presence of moisture (4.22%), crude protein (38.2%), crude fat
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Fig. 2.7 Chemical structures of some major chemical constituents present in the ZSC fruits and
seeds
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(30.19%), and carbohydrate (28.1%). The seed kernels were found to contain
potassium (365.01 mg/100 g of dry sample), phosphorus (87.71 mg), sodium
(24.96 mg), iron (4.21 mg), zinc (4.35 mg), copper (2.94 mg), and traces of
manganese. The ZSC kernel oil contains 79.2% total unsaturated fatty acids and
20.8% total saturated fatty acids. Palmitic acid (C16:0) and stearic acid (C18:0) are
two saturated fatty acids of the kernel oil, while oleic acid (C18:1) and linoleic acid
(C18:2) are the unsaturated fatty acids which constitute 53.25 and 25.95% of the
total fatty acids. The chemical composition of the seeds makes them a good source of
edible oil with high nutritional value (Embaby and Mokhtar 2011).

2.4 In Vitro and In Vivo Pharmacological Uses

The dependence on nature to treat human diseases and disorders was established by
observation as well as by trial and error method. Edible medicinal plants such as ZSC
have an imperative role in retentive human health and longevity. Ziziphus species
with enormous folklore claim are considered as a persuasive resource of therapeutic
agents due the presence of a diverse range of pharmacologically active biomolecules.
Scientific evidence reported on this plant divulge its valuable application in the field
of pharmacy. The exploration of therapeutic potential of ZSC has revealed it to
possess antimicrobial, anticancer, antidiabetic, antinociceptive, antihypertensive,
antidiarrheal, and CNS effects (Fig. 2.8). It has been recommended that further
investigations of their bioactive composition are essential to fully recognize the
molecular mechanisms of their in vitro and in vivo therapeutic effect and to declare
that the extracts are safe for human use. In this chapter, the experimental evidence of
animal and human studies reported so far for the ZSC are described with the
cynosure that the plant has been traditionally used to treat various diseases as
mentioned in Table 2.3. In vitro and in vivo pharmacological activities of the ZSC
studied for the treatment of different ailments and disorders are summarized as
follows:

2.4.1 Antimicrobial Activity of ZSC

ZSC has been reported to contain a number of secondary plant metabolites that are
primarily responsible for their broad spectrum of biological activity. ZSC has been
shown to exhibit antimicrobial activity against bacteria, virus, and fungi in addition
to its activity against other drug-resistant pathogenic species (Fig. 2.9) (Nazif 2002).
Antibacterial effects of ZSC could be attributed to the presence of tannins (Elboosaty
2020). This is due to the fact that the tannins are associated with the protein,
especially proline-rich proteins, and they bound to the iron, which contributes to
the inhibition of the metabolism inside the microbe and helps to eliminate it (Michel
et al. 2011). Saponin content of ZSC also plays a major role in manipulating the
surface tension of the cell membranes, which leads to increasing the permeability of
cells and hence could produce bactericidal effect (Arabski et al. 2012; Huang et al.
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2018). The cyclopeptide alkaloids have the ability to inhibit the cell division/
multiplication in microbes by binding to microbial DNA. Flavonoids could also be
responsible for the antimicrobial activity as these can bind to DNA and RNA,
thereby inhibiting protein and fat formation, causing energy metabolism to be
impaired, thereby affecting the growth of the microbe (Panche et al. 2016). The
details of the reported scientific evidences on the antibacterial, antifungal, and
antiviral properties of various parts of ZSC are given in Table 2.3.

Fig. 2.8 In vitro and in vivo pharmacological effects of Ziziphus spina-christi
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2.4.2 Antioxidant Activity of ZSC

In vitro antioxidant activity of ZSC fruits, leaf, bark, and seeds has been assessed
using a variety of assay methods (Fig. 2.10), and the results indicate that ZSC exhibits
robust free radical scavenging activity.

ZSC fruits (429 μg/mL) grown in Oman showed 91% inhibition in the ABTS
method, 51% inhibition (at 140 mg/mL) of DPPH radical scavenging, and 47% of
inhibition in the SRSA assay (at 20 μg/mL). The ZSCF extract could chelate
ferrozine and form complexes with ferrous ions (Singh et al. 2012). The ethanolic
extract of the dry seeds and fruit powder of ZSC grown in Oman showed DPPH
scavenging activity in a dose-dependent manner, in which fruit extract exhibited
(54.1%) inhibition at 200 μg/mL whereas seed extract showed only 42.6% inhibition
at the same concentration. Contrary, ZSC seeds were found to contain the highest
total phenolic content (Al Hakmani et al. 2014). Methanolic leaves extracts of five
ZSC provenances (INRGREF, Tozeur, Degueche, Nafta, and Kebelli) showed that
the Kebelli provenance ZSC has high antioxidant activity (0.086 μg/mL) in a DPPH
assay (Elaloui et al. 2017). Methanolic extracts of ZSC leaves proved to have the
highest phenolic content along with antioxidant activities (93.6%) with respect to
standard ascorbic acid (87.4%) (Tawfik et al. 2015). Various concentrations of
methanolic, aqueous, and ethanolic extracts of the ZSC leaves in the DPPH and
reducing power assay methods revealed to possess concentration-dependent antiox-
idant activity with IC50 values of 21.4 and 24.2 μg/mL (Khaleel et al. 2016). Radical
scavenging activity of ethanolic leaves extract is better than the hexane extracts
(Abalaka et al. 2011). The ethyl acetate fraction of leaves extract exhibited higher
inhibition of DPPH radical (96%) in comparison to the standard butylated hydroxyl
anisole, n-butanol, and aqueous extracts. The total antioxidant activities of methanol,

Fig. 2.9 Microbial strains used for the study of antimicrobial effects of ZSC
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ethanol, ethyl acetate, and aqueous extract range from 70.5 to 91.2% inhibition in the
ABTS assay method (Al-Ghamdi and Shahat 2017). The total alcoholic extract of
the plant leaves and stem bark has shown significant antioxidant effect (Adzu et al.
2003; Mohamed et al. 2017). Crude juices of Sidr (ZSC) leaves reported to exert
effective antioxidant capacity by DPPH free radical scavenging method. It was
reported that the administration of Sidr juice (leaves) did not cause any changes in
liver and kidney functions proving their antioxidant ability in vivo (Al-Marzooq
2014). n-Butanol extracts of leaves of Omani ZSC have also been shown to exhibit
antioxidant activity and radical scavenging activity (Al-Busafi et al. 2007). In
general, the variation in the activity and chemical constituents like mineral level,
polyphenolic content, and antioxidant capacity could be due to the difference in
Ziziphus species, part of the plant analyzed, and its vegetation region (El-Maaiden
et al. 2020).

2.4.3 Antipyretic Effect of ZSC

Traditional claim postulates that ZSC have antipyretic effect (Table 2.1), but the
literature survey revealed only one study for evaluation of antipyretic activity has
been carried out so far and the reason behind this is unknown. Tanira et al. (1988)

Fig. 2.10 Chemical assay methods and plant parts used for the determination of antioxidant
activity of ZSC
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reported that the ethanolic extract of ZSC leaves exhibited a significant, though a
moderate, antipyretic effect on hyperpyrexia-induced mice and are supporting the
traditional claim (Tanira et al. 1988).

2.4.4 Antidiuretic Activity of ZSC

Diuretic activity of ethanolic extract of ZSC leaves in rats (500 mg/kg) was reported.
Sodium and potassium content of the urine was determined using flame photometry
to investigate the effect, but the extract failed to demonstrate any promising effect
(Tanira et al. 1988). No other studies were undertaken to determine the antidiuretic
activity of the ZSC plant extracts.

2.4.5 Anticancer Activity of ZSC

Therapeutic application of plant products in the management of cancer has gained a
prominent role in medical field. The anticancer properties of Ziziphus plant has been
believed by the people from different regions especially from China, Iran, and
Arabia (Bown 1995; Vahedi et al. 2008; Deshpande et al. 2019). The honey of
ZSC is considered as an alternative cytotoxic agent and was administered to patients
suffering from different types of cancers including colon, breast, and liver cancers
(El-Gendy 2010). The leaves extracts of ZSC have prominent cytotoxic activity
against cancers of the cervix and the breast, and the aqueous fruit extract is effective
against breast cancer (Jafarian et al. 2014; Farmani et al. 2016). Cytotoxic activity of
ZSC leaves extract was explored scientifically, but it was not compared with any
other plant parts of ZSC; however, variable cytotoxic activities may be attributed to
different parts of the plant like fruits, seeds, and stem (Soliman et al. 2019).
Pharmacological activity index and phytoconstituents of the same plant vary
depending on the environmental climates and in turn may lead to genetic and
chemical variations among individuals of the same species (Moustafa et al. 2016).

Fractions of different parts of the ZSC grown in the unique environmental
conditions of UAE were tested against several cancer cell lines. The results indicated
that the ethanolic extract of stem exhibited superior anticancer activity than that of
the leaves and thorns. The stem extract showed potent and specific effect on HEPG2
cancer cells with a survival rate of 5% compared to 8%, 19.5%, and 21% survival
rates for A549, MDA, and U87cells, respectively, and traditional claim of Ziziphus
spp. as an alternative anticancer agent could be attributed to the presence of betulin
derivatives (Soliman et al. 2019). The ethanolic fraction of leaves extract had the
lowest IC50 value (0.02 mg/mL) and induced cell cycle arrest at the G1/S phase as
well as apoptosis against MCF-7 (human breast adenocarcinoma) cell lines. The
most active fraction of ZSC against breast cancer cell line was identified by fraction-
ation strategy, and the results demonstrated that apoptosis induction mechanism is
through a mitochondrial-independent pathway. Among all the fractions tested for
cytotoxic effects in MCF-7 cells, ethanolic fraction was found to be highly active
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with an IC50 of 0.02 mg/mL after 48 h of incubation at ½ IC50 concentration
(Farmani et al. 2016). It has been established previously that induction of apoptosis
is one of the mechanisms for the anticancer activities of ZSC extracts in different
cancer cell lines (Huang et al. 2007). ZSC leaves extracts exhibit its cytotoxic effect
through Bax-independent apoptotic pathway on MCF-7 cells (Ghaffari et al. 2020).
The methanolic extract of the leaves of ZSC exhibited anticancer effect against
diethylnitrosamine (DENA)-persuaded hepatocarcinoma in rats and is quantified
through the expression of hepatocyte growth factor, insulin-like growth factor-1
receptor, B cell lymphoma-2, and matrix metalloproteinase-9 oncogenes (El-Din
et al. 2019). It has also been reported that the dried Ziziphus plant has anticancer
activity (Bown 1995; Vahedi et al. 2008). ZSC exhibits proapoptotic mechanism and
is evident by the increased levels of cleaved caspase-3. An in vivo study concluded
that ZSC extract could inhibit the early stage of colon carcinogenesis by preventing
oxidative stress and inducing apoptosis (Guizani et al. 2013). The protective effects
of ZSC fruit extract against 1-methyl-4-phenylpyridinium (MPP+)-induced neuro-
toxicity in SH-SY5Y cell lines depict that protective effect of ZSC fruits might be
mediated by its potent antioxidant properties (Singh et al. 2018). While discussing
the reported anticancer activity, it has been observed that only tumor cell lines were
used to evaluate the cytotoxic effects of ZSC extracts and the in vivo preclinical
evaluations are very minimal. No clinical trials have been conducted in humans to
examine the pharmacokinetics and therapeutic action of these compounds and
extracts on cancer patients. Future research should emphasize on in vivo preclinical
studies and clinical trials (Ghaffari et al. 2020).

2.4.6 Acetylcholinesterase Inhibitory Effect of ZSC

ZSC bark, leaves, and root showed inhibition effect on acetylcholinesterase enzyme
by Ellman’s method, and it sturdily supports further investigation into
pharmacotherapeutics (Eldeen and Van Staden 2007). As per the traditional claim
(Table 2.1), it has been apparent that ZSC possess pharmacological action related
to nervous system, but till date the scientific evaluation regarding the cholinesterase
inhibition effect is scarce. Dichloromethane, ethyl acetate, and ethanol extracts of
ZSC plant parts were investigated for acetylcholinesterase inhibition effect. Moder-
ate inhibitory activity is exhibited by dichloromethane and ethyl acetate (leaf and
bark) extracts of ZSC (range of IC50 value was 1.0–0.3 mg/mL). The lowest IC50

value was detected with ethanolic extracts of the bark and root of ZSC (0.09 mg/mL)
(Eldeen and Van Staden 2007).

2.4.7 Antidiabetic Activity of ZSC

ZSC is reported traditionally as a versatile hypoglycemic agent. Researches indicated
that aqueous extract of plant decreases the level of blood glucose by two
mechanisms by acting on glucose homeostasis in an extra-pancreatic way or by
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improvement of liver action in diabetic rats. Saponin glycosides present in this plant
are responsible for lowering level of glucagon (Elboosaty 2020; Deshpande et al.
2019). The hypoglycemic and antidiabetic activities of methanol extract (ZSC-1) as
well as ethyl acetate (ZSC-2), n-butanol (ZSC-3), and aqueous (ZSC-4) fractions of
ZSC leaves were evaluated in diabetic mice and compared with glibenclamide, and it
was observed that fraction ZSC-3 displayed potential hypoglycemic activity
(Al-Ghamdi and Shahat 2017). Effects of butanol extract of ZSC leaves and its
principle saponin glycoside christinin A were evaluated in normal and streptozotocin
diabetic rats. It has been reported that after 4 weeks of treatment, both the agents
significantly reduced the level of serum glucose and activity of liver phosphorylase
and glucose-6-phosphatase (G-6-Pase). Serum insulin and pancreatic cAMP levels
also showed a significant increase with the butanol extract-treated diabetic rats
(Glombitza et al. 1994). Avizeh et al. (2010) reported that the hydroalcoholic extract
(500 mg/kg) of ZSC fruit had a mild, but significant, blood glucose-lowering effect
after 10 days of oral administration to diabetic rats, and it also showed a simulta-
neous increase in the serum insulin level. Hence the long-term use of this agent may
be advantageous over conventional drugs in relieving some of the complications
caused by diabetes (Avizeh et al. 2010). Polysaccharides from Ziziphus spp. signifi-
cantly lowered the levels of LDL cholesterol, triglycerides, total cholesterol, and
very-low-density lipoprotein (VLDL) cholesterol and evidently increase the high-
density lipoprotein (HDL) cholesterol levels in a fructose-induced animal model of
diabetes (Zheng et al. 2019; Pandey et al. 2011). The antidiabetic effects of fruit
extracts of ZSC in alloxan-induced diabetic rats showed a dose-dependent positive
effect (Abubakar et al. 2018). In vitro α-glucosidase and α-amylase inhibitory
activities for different concentrations of methanolic and ethanolic leaves extracts
of ZSC were reported. Methanolic extract seems to be very potent in inhibiting both
enzymes compared to ethanolic extract. The calculated IC50 was 8.9 and 305.6 μg/
mL against α-glucosidase and 39.12 and 318.4 μg/mL against α-amylase for
methanolic and ethanolic leaves extracts, respectively (Khaleel 2018b). Leaves of
Christ’s thorn are reported to possess antihyperglycemic activity, and triterpenoidal
saponin glycosides, christinin A, B, C, and D, isolated from the butanol extract play
a major role in the therapeutic activity of the plant (Mahran et al. 1996).

Butanol extract of ZSC leaves decreased the serum glucose level in control as well
as in type-II diabetic rats. This antidiabetic response was arbitrated by releasing
insulin, and this insulin tropic effect of ZSC leaves might be due to blockade of
K-ATP channels of the pancreatic beta-cell membranes (Abdel-Zaher et al. 2005).
Administration of 100 mg/kg ZSC leaves extract greatly ameliorated the diabetic
disorders in rats (Parsaeyan and Rezwani 2014). Administration of ZSC ethanolic
leaves extract (200 mg/kg b.w.) and plain and formulated soft gelatin capsules
(450 mg) for 28 days in STZ diabetic rats revealed better glucose utilization by
increasing insulin secretion and C-peptide levels with stabilization of percentage of
glycated hemoglobin (HbA1C%) (Michel et al. 2011). It has been reported that
pretreatment either with 100 mg/kg butanol extract or christinin A improved
glucose-induced insulin release in non-diabetic control rats. Pretreatment with the
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butanol extract or christinin A improved the oral glucose tolerance in type-II model;
however there was no response in type-I diabetic rats (Abdel-Zaher et al. 2005).

2.4.8 Antidiarrheal Activity of ZSC

The fruits of ZSC administered in an adequate amount act as a laxative and decrease
water maintenance, and the leaves have the ability to kill diarrhea-causing parasites
and worms in the intestinal tract (Saied et al. 2008; Jongbloed 2003). In Sudan, ZSC
root infusion is administered for the treatment of dysentery (El Ghazali et al. 1997).
A preclinical study reported that methanol extract of ZSC of the stem bark possess
antidiarrheal effect (Adzu et al. 2003). The accumulation of intraluminal fluid and
gastrointestinal transit time were measured, and it was shown that the extract caused
a dose-dependent protection of rats against castor oil-induced diarrhea and showed a
prominent decrease in the intraluminal fluid accumulation and gastrointestinal transit
time. Biologically active components like glycosides, resins, saponins, and tannins
in ZSC extract may be useful against diarrhea, thereby vindicating its use in
traditional practice as an antidiarrheal agent (Adzu et al. 2003, 2007a, b).

2.4.9 Anti-Inflammatory Activity of ZSC

ZSC is commonly used in traditional medicine across the gulf region for the
management of pain and inflammatory-related problems (Asgarpanah and
Haghighat 2012; Waggas and Al-Hasani 2009). The anti-inflammatory effects of
fruits, seeds, and leaves of ZSC extracts were reported. The alcoholic extract of ZSC
leaves reported a highly significant anti-inflammatory activity ( p < 0.05), and the
maximum effect (38%) was at 3 h, whereas the standard oxyphenbutazone showed
much more significant reduction (65%) (Tanira et al. 1988). Anti-inflammatory
activity of ZSC fruit/seed extracts was evaluated by an in vitro pilot study. The
seed extract showed a significant difference in the inhibition of thermally induced
protein denaturation when compared with fruit extract at concentrations of 100 and
500 μg/mL (Al Hakmani et al. 2014). Anti-inflammatory activity of methanolic
extract against acetic acid (AcOH)-induced colitis in rats was reported. Administra-
tion of extract (400 mg/kg) resulted in a better reduction of inflammatory colonic
injury than standard drug mesalazine (MLZ). Moreover, it effectively moderated the
mRNA expression of redox-sensitive transcription factors like nuclear factor
(erythroid-derived 2) and heme oxygenase-1 and also downregulated the expression
of p38 mitogen-activated protein kinase and upregulated the vascular endothelial
growth factor A and interleukin-1β in AcOH-induced colitis in rats. Hence, it could
be considered as an alternative therapeutic option for the management of inflamma-
tory bowel diseases (Almeer et al. 2018). Methanolic extract of ZSC leaves seems to
be a strong potent in both enzymes inhibitory potential compared to ethanolic
extract. At the concentration of 100 μg/mL, the anti-inflammatory effects were
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95.3, 25.2, and 20.2% for methanolic extract, ethanolic extract, and standard
diclofenac sodium, respectively (Khaleel 2018b).

New anti-inflammatory compounds from ZSC have been identified from ancient
Egyptian prescriptions such as epigallocatechin, gallocatechin, spinosin, 600’
feruloylspinosin, and 60” sinapoylspinosin which are crucial for pharmacological
activity of crude extracts of seed, leaf, root, or stem playing a major role in the
inhibition of NF-κB pathway (Kadioglu et al. 2016). Ziziphus species extract sharply
increased the homeostasis model assessment of insulin resistance (HOMA-IR) and
β-cell function (HOMA-β) and reduced the atherogenic index (AI) in mice exposed
to high fructose water (Zheng et al. 2019). Sepsis induced by cecal ligation
and puncture in mice was treated with ZSC leaves extract, and it exerted a
myocardial and renal protective effect. Prophylactic treatment with ZSC leaves
extract (100, 200, and 300 mg/kg) maintains the normal heart rate (HR); decreased
the elevated levels of malondialdehyde; the activity of myeloperoxidase, nitric oxide
(NO), and inducible NO synthase; and the expression of nuclear factor kappa B
(NF-κB); but increased the content of glutathione and antioxidant enzyme activities
in mice with sepsis. Lower levels of cytokines, including TNF-α and interleukin
(IL)-1β, were evident from biochemical analyses, and qRT-PCR indicated that ZSC
leaves extract treatment reduced myocardial and renal apoptosis. This effect may be
attributed to the antioxidant, anti-inflammatory, and antiapoptotic activities of ZSC
leaves extract (Dkhil et al. 2018a, b).

2.4.10 CNS-Related Activity of ZSC

ZSC possess anticonvulsant, neuroprotection, and CNS depression activity. The
genus Ziziphus is proved to be effective on CNS (Kaleem et al. 2014). Anticonvul-
sant activity of ZSC extract is through the inhibition of the neurotransmitters at
different brain regions. Intraperitoneal injection of ZSC leaves extract (50 mg/kg
body weight) for 15 days and consequent withdrawal of extract administration
produced a significant increase in the release of neurotransmitter in different parts
of the brain of male albino rats. The inhibition of calcium-ATPase and phosphodi-
esterase leads to the increase in neurotransmitter content in CNS areas, and also at
the same time, it inhibits Ca2+ calmodulin binding. It has been correlated that the
ability of this plant extract to depress excitable tissue at all levels of the CNS directs
to a decrease in the amount of transmitter released by the nerve impulse, as well as it
leads to general depression of postsynaptic responsiveness and ion movement
(Waggas 2006). The aqueous extract of roots of ZSC has pharmacological effect
on exploratory behavior, spontaneous motor activity (SMA), pentobarbital-induced
hypnosis, and motor coordination. It was found that this extract has a CNS depres-
sion activity (Adzu et al. 2002). ZSC leaves extract was examined for its anticonvul-
sant effect by using pentylenetetrazol (PTZ) model on male albino rats. It was
concluded that the presence of peptide and cyclopeptide alkaloids in the ZSC leaves
extract caused a decrease in NE, DA, and 5-HT contents in PTZ model (Waggas and
Al-Hasani 2010). ZSC improved motor coordination in rats and shortened step-
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through latency in Morris water maze test. Hydroalcoholic extract of ZSC leaves
significantly ameliorated scopolamine-induced anxiety in rats (Setorki 2016).

ZSC ethanolic leaves extract showed neuroprotective activity against brain ische-
mia (induced), so it has the ability to decrease the brain damage caused by transient
global cerebral ischemia and reperfusion (Setorki and Hooshmandi 2017). The
protective effect on the cerebral oxidative stress and impairment induced by ische-
mia was mainly due to the increased activity of antioxidant defense system and
inhibition of oxidative stress in the rat’s brain. Other studies also reported the
antioxidant activity of ZSC extract and its relation with neuroprotection (Abalaka
et al. 2011; Michel et al. 2011). The phytoceutical from hexane extract of ZSC root
bark (25, 50, and 100 mg/kg, p.o.) was tested against pentobarbital sleeping time,
motor coordination test, and exploratory behavior in mice. Results showed that
extract prolonged pentobarbital-induced hypnosis and decreased the head-dip
responses in the exploratory behavior. However, it failed to give a positive result
on the motor coordination test. These results demonstrated the potent central depres-
sant effect of ZSC extract (Adzu et al. 2008). The pharmacological activity of ZSCF
extract against 1-methyl-4-phenylpyridinium (MPP+)-induced neurotoxicity in
SH-SY5Y (neuronal) cell lines was evaluated. The effect of ZSCF on MPP+-induced
cell viability, membrane damage, and oxidative stress; mitochondrial membrane
potential and activity of caspase-3, and protein expressions and apoptotic effect of
cyto C, Bax, and Bcl-2 were measured. The results showed that ZSCF could be able
to reduce the neurotoxicity of MPP+ and offer neuroprotection in vitro and is
reinforced by its potent antioxidant properties (Singh et al. 2012).

2.4.11 Antinociceptive Activity of ZSC

ZSC extract has the ability to suppress central and peripheral phases of nociception.
The aqueous extract of ZSC root bark relieves pain via central and peripheral
mechanisms and hence provides some justification for the folkloric use in the
treatment of stomach pains (Adzu et al. 2001). Central analgesic activity of the
extract is confirmed by the increase in the mean percentage effect on the hot plate
test. ZSC aqueous extract of the leaves established a dose-dependent analgesic effect
at different concentrations (250–1000 mg/kg), and it helps to reduce the number of
writhes induced by a 0.6% aqueous solution of Ac-OH in Wistar rats. It has been
reported that the aqueous extract of ZSC leaves (250 mg/kg) produced a similar
effect to that of pethidine hydrochloride (10 mg/kg) (Effraim et al. 1998). Aqueous
extracts of ZSC revealed a dose-dependent analgesic effect. With the aim of
elucidating both central and peripherally mediated action in rats and mice, the
chloroform and methanol fractions (70:30) of ZSC root (25, 50, and 100 mg/kg, i.
p.) were tested on chemical (Ac-OH-induced writhing, formalin), mechanical
(analgesiometer), and thermal (tail-flick) analgesic tests (Adzu and Haruna 2007).
Contrary, alcoholic extract of ZSC leaves (500 mg/kg) failed to produce
antinociceptive effect in tested rats (Tanira et al. 1988).
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2.4.12 Anthelmintic Activity of ZSC

Antieimeria and anthelmintic activity of ZSC leaves extract at a dose of 100, 200,
and 300 mg/kg was evaluated. For antieimeria activity, the mice infested with
1.2 � 103 E. papillata-sporulated oocysts were used. The anthelmintic potential of
ZSC extract was investigated on adult earthworm, Allolobophora caliginosa. ZSC
leaves extract significantly reduced the shedding of oocysts to about 10.7 � 103,
28.3 � 103, and 23.8 � 103 oocysts/g feces in 100, 200, and 300 mg/kg groups and
was able to improve the induced jejunal injury by E. papillata infection by paralysis
and death of worms (Alzahrani et al. 2016). The fact that ZSC holds anticoccidial
activity has also been detailed in mice infected with Cryptosporidium spp. (Kadir
et al. 2008). The mechanism of anticoccidial properties caused by ZSC was also
similar to those occurring with most anticoccidial drugs (Wunderlich et al. 2014).
Also, ZSC leaves extract has the ability to improve the histological damage done by
E. papillata. In vitro and in vivo anthelmintic efficacy of aqueous and methanolic
extracts of ZSC was proved using live Haemonchus contortus and experimentally
induced Haemonchus contortus infection in Nubian goats. Crude aqueous extract
and crude methanolic extract of ZSC leaves showed a significant anthelmintic effect
( p � 0.05) by mortality and temporary paralysis of live H. contortus. ZSC leaves
extract at the doses of 100 mg/kg and 400 mg/kg reported 61.5% and 78.7%
reduction in percent of egg count in the feces (Intisar et al. 2015).

2.4.13 Hepatoprotective Activity of ZSC

Hepatoprotective effects against carbon tetrachloride (CCl4)-induced liver injury is
exhibited by the methanol and aqueous extract of leaves of ZSC. It also decreased the
serum creatinine and uric acid level and enhanced protein depletion in kidney tissue
with a significant reduction of MDA concentration. All the biochemical markers
related with hepatic injury showed beneficial values after treatment with the extract
(Al-Ghamdi et al. 2018). Aqueous extract of ZSC leaves showed effective results
against CCl4-induced hepatic fibrosis. The results of histopathological, biochemical,
and histology texture analyses displayed that ZSC significantly hinder the progres-
sion of hepatic fibrosis with marked reduction in the activities of serum ALT and
AST. ZSC aqueous leaves extract also reduced the expression of a-smooth muscle
actin and the deposition of types I and III collagen in CCl4-injured rats (Amin and
Ghoneim 2009). The hepatoprotective effect of the ZSC fruits as an antioxidant
against CCl4-induced oxidative stress and hepatotoxicity in rats indicated that ZSCF
restored normal levels of malondialdehyde and retained control activities of endog-
enous antioxidants such as superoxide dismutase (SOD) and glutathione peroxidase
(GSH) (Yossef et al. 2011). The ameliorative role of ZSC leaves extracts against
hepatic injury induced by Plasmodium chabaudi-infected erythrocytes has been
related with its effect on oxidative marker in the infected liver tissues (Hafiz et al.
2019).
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2.4.14 Antiplasmodial Activity of ZSC

ZSC is extensively used as traditional medicine in malaria endemic regions (Adzu
et al. 2007a, b). ZSC leaves extract exerts its action against Plasmodium infection by
significant restoration of hepatic oxidative markers, restoration of hemoglobin level
and erythrocyte counts, as well as a reduction in the inflammatory cell count.
Experimental mice infected with P. chabaudi showed infected erythrocytes, inflam-
matory cell infiltration, increased number of van Kupffer cells, and hepatocyte
vacuolation. ZSC leaves extract treatment showed significant reduction in the level
of mean corpuscular hemoglobin (MCH) and other pathological issues (Hafiz et al.
2019). ZSC showed significant beneficial effect on P. berghei parasite-induced
hepatic and spleen tissue damage (Hafiz and Mubaraki 2016). ZSC leaves extract
was able to significantly reduce the parasitemia level (Mishra and Bhatia 2014). ZSC
leaves extract showed significant amelioration in the signs of inflammatory cell
infiltration and hepatocyte vacuolation in the liver of infected mice with P. berghei
(Hafiz and Mubaraki 2016). ZSC extracts have eloquent effects on hepatic tissues
and have been evident from the histopathological pictures of the liver, kidney, and
spleen affected by Schistosoma infection (Ali and Hamed 2006). Antitrypanosomal
and antiplasmodial activity of ZSC leaves extract from Sudan was evaluated by
in vitro assays. Methanolic extracts of leaves showed antiplasmodial activity against
a chloroquine-sensitive strain of P. falciparum NF54, whereas the antitrypanosomal
activity was evaluated against Trypanosoma brucei rhodesiense STI900 (African
strain), and the results confirmed its traditional claim (Mohamed et al. 2017). ZSC
chloroform fraction of root bark is a potential antiplasmodial agent against the
P. berghei, justifying its folkloric usage as an antimalarial (Al-Said 1993). ZSC
leaves extract has the ability to restore the normal levels of MDA in Schistosoma
mansoni-infected mice (El-Rigal et al. 2006). From these scientific reports, it is
evident that ZSC may be a source of potential chemotherapeutic antimalarial agent.

2.4.15 ZSC in Skin Diseases

The traditional claim of anti-inflammatory, soothing, and antibacterial activity of the
Ziziphus tree represents a possible treatment option of the rash particularly in
patients on EGFR blockers. A 50-year-old patient with a lung cancer developed a
papulopustular rash after administering erlotinib. He treated himself with ZSC
minced leaves, and he reported that his rash disappeared completely. Based on this
clinical case report, a phase I trial of Ziziphus cream is undergoing which includes all
patients on EGFR blockers. This study will help to discover a potential prevention
and cure of the troublesome skin rash, and also it authorizes the clinical use of ZSC
(Alzahrani et al. 2019).
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2.4.16 Osteogenic Activity of ZSC

Administration of ZSC leaves extract to diabetic rats showed reduction of serum
parathyroid hormone (PTH) with increased levels of CT which may have an associ-
ation to enhanced bone mineralization and bone formation, probably due to presence
of numerous types of flavonoids. Significant changes in PTH and bone tartrate-
resistant acid phosphatase (TRAP) were observed along with decreases in serum
calcitonin (sCT), procollagen type 1 (PC1), and osteocalcin (OC). In both serum and
bone, there is a reduction in bone alkaline phosphatase (BALP), bone mineral
density (BMD), and levels of Ca and P. Administration of ZSC leaves extract was
helpful in reducing body weight loss and all diabetes-related bone changes followed
by increasing IGF-1 bioavailability (El-Wakf et al. 2017).

2.4.17 Hypolipidemic Activity of ZSC

The antihyperlipidemic activity of ZSC could be attributed to inhibition of oxidative
stress by phenolic compounds (El Rabey et al. 2014; Al-Sieni et al. 2020). ZSC
leaves powder at the dose of 500 mg/kg body weight orally administered to
hypercholesterolemic male rats showed improvement in the biochemical blood
tests and the histology of the studied organs tissues. The concurrent treatment with
ZSC seed aqueous extract in hypercholesterolemic rats showed reduction in the
oxidative stress and restored the altered histological features to normal, and this
could be related to the effect of phenolic compounds (Al-Sieni et al. 2020). ZSC
leaves extract effectively reduced hyperlipidemia, lipid peroxidation, and activity of
liver enzymes. The hypolipidemic effect of ZSC leaves extract is primarily due to its
phenol constituents which inhibit oxidative stress (Parsaeyan and Rezwani 2014).

2.5 Patents Granted to ZSC

ZSC is considered as a good source of triterpenic acid, saponins, and flavonoid
glycosides. It is quite popular for its folkloric use as a shampoo and in the treatment
of skin diseases. Ghomi in 1998 obtained a patent for the ZSC formulation which
was claimed to reverse the hair graying and was effective in treating psoriasis. It was
claimed in the invention that the dried leaves extract of ZSC could be used to reduce
skin inflammation and treat sunburn, nonspecific erythema, and itching. ZSC extract
exerts cooling effect on skin and therefore is desirable to use as skin cleansers for
sensitive skin. The extract is also effective as excortication agent (Ghomi 1998).

Mukherjee et al. (2006) developed an herbal-based formulation exhibiting broad-
spectrum anticancer activity. The herbal preparation containing Zizyphus extract,
rich in betulinic acid, was shown to inhibit protein kinase C activity of cancer cells
and induce apoptosis (Mukherjee et al. 2006). Krasutsky et al. (2006) patented an
azeotropic distillation method for the isolation of natural products such as betulin,
lupeol, and/or betulinic acid in high yield (Krasutsky et al. 2006). A summary of few
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important patents granted to ZSC for its use in cosmetic and pharmaceutical
industries is presented in Table 2.4.

2.6 ZSC in Nanotechnology

In the past decade, plant extracts and the natural products have been widely used for
the synthesis of an array of metal nanoparticles (Haris et al. 2017). This shift in the
paradigm from traditional chemical methods to green biosynthesis of nanoparticles
is partly due to the cost-effective and environmental friendly method offered by the
naturally occurring plant products. Medicinal plants contain diverse nature of sec-
ondary plant metabolites such as flavonoids, terpenoids, tannins, phenolic acids, and
alkaloids, which act as reducing as well as capping agents for the synthesis of
nanoparticles (AbuKhader and Khan 2017; Zayed et al. 2015). ZSC being rich in
polyphenolic compounds have also been explored as an alternative source of
biosynthesis of metal nanoparticles.

Zayed et al. (2015) used the ZSC leaves extract as a reducing and capping agent at
the room temperature to synthesize Ag nanoparticles (AgNPs) via a single-step,
rapid, cost-effective, and eco-friendly biosynthetic method. The nanoparticles were
found to be spherical in shape with a uniform size distribution (average particle size
diameter 19 nm). IR studies indicated the presence of hydroxyl, amino, carbonyl,
and amide functionalities in the plant extract which could be responsible for the
reduction and/or stabilizing the developed nanoparticles. The ZSC-stabilized AgNPs
displayed an excellent catalytic activity and efficiently reduced 4-nitrophenol into
4-aminophenol (Zayed et al. 2015). AgNPs synthesized using aqueous leaves extract
of ZSC have been shown to exhibit potent antibacterial activity against S. aureus,
Acinetobacter sp., P. aeruginosa, and E. coli. These nanoparticles when loaded on
band aids also showed excellent antibacterial effect against multidrug-resistant
bacteria (Halawani 2017).

Table 2.4 Patents granted to ZSC

S
no Patent no and year Inventors Invention title

1. US5849302A
1998-12-15

MS Ghomi Medicaments and cosmetics comprising
Zizyphus spina-christi extracts

2. US20060159783A1
United States
2006-07-20

R Mukherjee
D Khattar
M Jaggi
A Singh
M Kumar
H Bala

Method for treating cancer using betulinic
acid-rich herbal extract

3. EP1687326A2
2006-08-09

PA Krasutsky
O Kolomitsyna
DA Krasutskyy
OD Kacharov
IV Kolomitsyn

Method for obtaining natural products from
plant material
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A study also reported the reliable antifungal activity of AgNPs synthesized using
ZSC leaves extract against pathogenic fungal isolates A. niger, A. flavus,
P. digitatum, and F. oxysporum (Abdelkader et al. 2019). Khani et al. (2018) used
fruit extracts of ZSC for the green synthesis of copper nanoparticles (CuNPs). The
CuNPs exhibited good antibacterial activity and were shown to act as an efficient
adsorptive nanomaterial which was able to remove 95% of crystal violet (CV) dye
from aqueous solution at optimized conditions (Khani et al. 2018).

2.7 ZSC as an Adsorbent to Remove Manganese from Aqueous
Solution

Activated carbon from the ZSC seeds possesses good adsorption properties and has
the ability to remove manganese metal from the water. The adsorption capacity of
ZSC activated carbon is better than the natural zeolitic tuff, pecan nutshell
biosorbent, Pithecellobium dulce carbon, and crab shell particles (Omri and Benzina
2012).

2.8 ZSC Toxicity

The scientific reports of Ziziphus species hold numerous gaps that need thorough
exploration especially for biological activity and toxicity. Pharmacological activities
of ZSC have been considered extensively, but there is a scarcity of the available
scientific reports/data on the toxicity associated with the consumption of the various
parts of the ZSC plant, although ZSC fruits and leaves appear to be safe as indicated
by the relatively high LD50 values in experimental animals (Abdel-Zaher et al.
2005). Shah et al. (1989) reported that ZSC leaves extract did not produce acute
toxicity in the animals but higher doses led to decreased locomotor activity. Swiss
albino mice did not show any signs of toxicity, and also no mortality was observed
even after the chronic treatment for 3 months (Shah et al. 1989). Similarly, Abdel-
Zaher et al. (2005) did not observe any signs of hepatotoxicity and nephrotoxicity in
rats upon chronic oral administration of the butanol extract of ZSC leaves (Abdel-
Zaher et al. 2005). ZSC methanolic leaves extract had a markedly protective effect
against aflatoxicosis, and it significantly improved all biochemical parameters and
histological profiles of the liver, kidney, and testis of tested rats (Abdel-Wahhab
et al. 2007). The acute toxicity/safety of the hexane root bark extract of ZSC in mice
with the experimental doses of 25, 50, and 100 mg/kg reported LD50 of 871.78 mg/
kg for intraperitoneal administration and clinched the safety limit of the ZSC (Adzu
et al. 2008). In addition, the oral LD50 of the butanol extract of ZSC leaves in mice
was 3820 mg/kg (Abdel-Zaher et al. 2005). Aliquots of the concentrated ZSC juice
(fruits and leaves) were used to assess the safety limits of the phenolic compounds.
LFT and RFT reports portrayed that the administration of ZSC juice did not cause
any changes in liver and kidney functions. On the contrary, BHT at 200 ppm induced
significant increases in the enzyme activities and the serum levels of total lipids, uric
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acid, and creatinine (Amany et al. 2013). Abubakar et al. (2018) carried out first
toxicity study by oral administration of 5000 mg/kg of ZSC hydro-methanolic fruit
extract and recorded zero mortality rate proving its safety (Abubakar et al. 2018).
The acute toxicity study of single dose of ZSC leaves methanolic extract (2000 mg/
kg per oral) in adult male mice did not reveal any sign of toxicity or mortality during
2 weeks observation period. Furthermore, there were no significant changes in the
mean body weight or absolute weight of the liver, kidney, spleen, or heart, indicating
high safety of the extract (Dkhil et al. 2018a, b). ZSC leaves extract 300 mg/kg
ZSC leaves extract depicted protective role in HgCl2-induced nephrotoxicity and by
acting on Kim-1 expression, lipid peroxidation, and nitric oxide production; sup-
pression of the Nrf2-antioxidant response pathway; upregulation of IL1β, TNFα, and
NOS2; and potentiation of proapoptotic activity. ZSC leaves extract has the ability to
produce beneficial effects against mercury-induced renal toxicity (Almeer et al.
2019). These effects resulted from its chelation and antioxidant, anti-inflammatory,
and antiapoptotic activities. ZSC minimized the pathological effect produced by
mercury in the renal tissue, and also it enhanced Hg clearance and reduced its
accumulation. ZSC leaves extract successfully inhibited the Kim-1expression
induced by Hg exposure (Dkhil et al. 2018a, b). Upregulation of Nfe2l2, Hmox1
expression, and protection against Hg-induced oxidative stress in renal tissue were
also supported by ZSC. ZSC leaves extract boosted Nfe2l2 and Hmox1 expression in
an ulcerative colitis rat model. The antiapoptotic activity of ZSC leaves extract is
mainly due to its ability to appease ROS, as mentioned by several studies (Almeer
et al. 2018; Dkhil et al. 2018a, b; Singh et al. 2012).

Contrary to the above findings, a recent study conducted by Owolarafe et al.
(2020) cautioned against the indiscriminate use of leaves. Owolarafe et al. (2020)
investigated the hematological and hepatorenal toxicities of the aqueous methanol
extracts of seeds of ZSC in Wistar albino rats. The seed extracts upon oral adminis-
tration to rats at 200, 600, and 1000 mg/kg body weight for 2 weeks were found to
cause hepatic vascular congestion and fibrosis at 600 and 1000 mg/kg body weight
with no visible histoarchitectural effect on the kidney. Seed extract was noted to
significantly (P < 0.05) reduce the levels of white blood cells, neutrophils, SGOT,
chloride, urea, and creatinine and increase the levels of lymphocytes, platelets, direct
and total bilirubin, albumin, SGPT, alkaline phosphatase (ALKP), SGOT, serum
calcium, creatinine, urea, and organ-body weight ratios (Owolarafe et al. 2020).

2.9 Conclusion and Future Directives

It is perceptible that ZSC is a valuable medicinal resource encompassing
phytoconstituents of diverse chemical classes with wide spectrum of pharmacologi-
cal uses. The plant is traditionally considered as a safe herbal medicine. Its fruits are
edible and widely consumed by the people in the gulf region. The contemporary
congregate information shows that alkaloids, flavonoids, and saponin glycosides
such as christinin A might be useful in the development of new drugs to treat various
acute and chronic ailments. The limited preclinical and clinical reports available to
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support the safety in different populations are still a question which severely limits
the diversity of research and industrial application of ZSC in the medical field.
Cyclopeptide alkaloids are the main phytoconstituents present in this plant species,
and therefore the possible hepatorenal toxicity should not be ignored.

It is evident that ZSC possesses broad-spectrum antimicrobial property, and this
might be helpful in the management of the new life-threatening diseases including
COVID-19. Extensive pharmacological and chemical experiments integrating
human clinical studies investigating inter- and intracellular metabolic pathways
should be a focus in future. Isolation of bioactive molecules from ZSC might act
as a good lead that can be employed in novel therapeutic formulation based on an
increasing attention toward green chemistry and transitional medicinal plants in
recent years. Utilization of medicinal plants for novel drug delivery applications
has better stakes of being sustainable with potential medical and commercial impacts
in the coming decades. ZSC has vast untapped therapeutic applications yet to be
revealed and explored with a complementary blend of skills and expertise in the field
of phytochemistry, pharmaceutics, and pharmacology.
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