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Background: Lemon (Citrus limon), a widely used fruit from the Rutaceae family, has been
valued since ancient times for its nutritional and medicinal properties. In Unani medicine, it is
recognized for both its therapeutic and protective effects across various body systems. Today,
lemon is gaining renewed attention for its pharmaceutical, cosmetic, and culinary applications.
This review aims to present a comprehensive overview of its biological activities and
therapeutic potential, backed by scientific evidence.

Methodology: This paper compiles information from classical Unani texts and modern scientific
Sabir B, Usmani S, Sehar N, The therapeutic literature, covering the history, types, physical traits, active constituents, and pharmacological
benefit of lemon with its history, phytochemistry, effects of lemon. Given the vast data available, we focused on aspects most relevant to clinical
pharmacological, experimental and clinical practice.

studies: A comprehensive review with Unani . . , , . .
. . Observations and Conclusion: Citrus limon shows a wide range of therapeutic effects
perspectives, Journal of Drug Delivery and

Therapeutics. 2025; 15(7):217-224 DOI: antidiabetic, anti-obesity, cardioprotective, antiparasitic, anti-allergic, hepatoprotective, and
http://dx.doi .org/10'22270./jddt Vv15i7.7271 " neuroprotective with a favorable safety profile. These findings support its value as a medicinal
’ o ’ ' ' plant and its potential for future use in pharmaceutical and nutraceutical development.

*Address for Correspondence: Keywords: Citrus limon, Unani medicine, therapeutic potential, pharmacological activity, lemon

juice.
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Introduction

Lemon (Citrus limon), a hybrid species of the Rutaceae
family, is a widely valued medicinal plant that originates
from the tropical and subtropical regions of Southeast
Asial. It features evergreen leaves and bright yellow
edible fruits, with its juice and essential oil serving as
primary therapeutic components®2. Historically, prior to
the discovery of vitamin C, lemon juice was extensively
used to prevent and treat scurvy2. In the Unani system
of medicine, this fruit is referred to as "Lemon" or more
specifically "Kaghzi Lemu," which is the variety most
commonly used for medicinal and dietary purposes3#.
Lemon is globally recognized for its nutritional benefits
and therapeutic properties, and it holds significant
relevance within both Unani and contemporary medical
systems#*5. Structurally, the fruit is a segmented berry
with distinct aromatic features. Among its medicinal
properties are its anticancer potential, kidney stone
prevention, antipyretic effects, and ability to regulate
bodily pHS. C. Ilimon is known for its versatile
pharmaceutical, cosmetic, and dietary applications®. The
plant owes much of its biological efficacy to its rich
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content of phenolic compounds, such as flavonoids
diosmin, hesperidin, and limocitrin and phenolic acids
like ferulic, synapic, and p-hydroxybenzoic acid!. Its
essential oil contains significant levels of bioactive
monoterpenoids, including D-limonene, 3-pinene, and y-
terpinenel®. Scientific evaluations have established that
C. limon possesses a wide range of therapeutic
properties, including anti-inflammatory, antimicrobial,
anticancer, and antiparasitic activities’.

Furthermore, its essential o0il has widespread
applications in the food industry, where it enhances
both the safety and sensory profile of processed foodss.
These oils exhibit antioxidant capacity by neutralizing
free radicals and demonstrate antimicrobial activity by
inhibiting spoilage and pathogenic microorganisms®.
Lemon also plays a therapeutic role in managing
conditions such as asthma, cough, liver ailments, fever,
diphtheria, and rheumatism?®. Its immunomodulatory
effect is attributed to its ability to enhance white blood
cell production and stimulate antibody formation,
thereby protecting against infections®. Additionally,
lemon acts as a natural antioxidant, offering protection
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against diseases such as stroke, cardiovascular
disorders, and cancer, and is known to help lower blood
pressure while increasing HDL cholesterol levels 19,

Mutardif Naam (Vernacular Names):3-4 11-12

Language Vernacular Names

Arabic Laimonhamidh, Lemu, Qalambak
Bengali Bara Nebu, Gora Nibu

English Indian Lemon, Lemon, Citron, Lime
Urdu Limu, Neebu

Telugu Madiphalamu, Peddanimma
Tamil Periya-Yelumichai

Greek Fisamoon

Gujarati Motu Limbuz

Hindi Pahari Nibu, Bara Nibu, Limbe
Kannada Byopura, Bijori

Malayalam Ganapalinarkam

Sanskrit Matulunga, Jamvira

Description According to Unani Classical
Literature 4 13-15

Lemon (Citrus limon) is widely recognized in Unani
medicine for its notable antibacterial and antiseptic
properties. Several varieties of lemon are described in
traditional texts, with Kaghzi Leemu commonly referred
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to as the “absolute lemon” being the most preferred
type for medicinal and dietary use. Various parts of the
lemon plant are employed therapeutically, including the
juice (Aab-e-Leemu), seeds (Tukhm-e-Leemu), peel (Post-
e-Leemu), and the entire fruit skin. The lemon tree itself
is medium in height, resembling a shrub, with small,
round leaves and fragrant white flowers. The fruit is
generally small, round, and covered with a thin, paper-
like rind when unripe, which is the basis for its name
Kaghzi Leemu. In Unani formulations, lemon is used in
preparations such as Sikanjabeen Khaam, a mixture of
lemon juice and sugar syrup, and Sikanjabeen Lemuni, a
variant specifically made by blending lemon juice with
sugar to produce a refreshing and therapeutic beverage.

Parts Used: 3-4 11

Seeds

Peel

Fruit

Lemon oil

Leaves

Expressed juice (ripe fruit)

Mizaj/Temperament: 3-4 11

Compound Temperament (Mizaj)
Aab-e-Lemu Barid Yabis
Tukhm-e-Lemu Harr Yabis
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Afaal (Actions) 35

Afaal (Action)

Mubarrid wa Mufarreh

Dafi-e-Qai-Al-Haml

Dafi-e-Ghisyan

Hazim
Mugawwi-e-Meda

Mushtahi

Mugtai wa Mulattif
Akhlate Ghaliza

Dafi-e-Tip
Dafi-e-Hiddate Safra
Dafi-e-Samoom
Musakkin

Dafi-e-Attish

Jali

Locomotor activity

Antiescorbutic

Antimigraine
Anticancerigenous
Aromatherapy
Canker Sores

Diuretic effect

16-23

Modern Equivalent /
Function

Refrigerant and exhilarant

Antiemetic (during
pregnancy)

Antiemetic and anti-nausea
Digestive

Stomachic (strengthens
stomach)

Appetizer

Resolvent and attenuant of
thick humours

Antipyretic
Reduces bile heat
Antidote
Sedative
Antithirst

Detergent (cleansing
agent)

Enhances movement or
muscle tone

Prevents scurvy (Vitamin C
related)

Relieves migraine
Anticancer

Used for mental well-being
Heals mouth ulcers

Promotes urine flow

Anti-inflammatory activity Reduces inflammation
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Condition (Unani

Term) Modern Interpretation / Use

Zoaf-e-Hazam Weak digestion

Ghalba-e-Safra Predominance of bile
Hiddat-e-Safra Excessive bile heat
Bars wa Bahaq Leucoderma and vitiligo
Suda Khumari Hangover-related headache
Basoor Safravi Biliary pimples or acne
Warm-e-Meda Gastric inflammation
Warm-e-Ama Intestinal inflammation
Zoaf-e-Isteha Loss of appetite

Used for preservation in diet and
medicine

Food Preservative
Muzir/Toxic 3-4 11
Muzir (Adverse Effect)

Sard Mizaj (Cold temperament)
Asab (Nervous system)
Musleh/Corrective: 3-4 11
Musleh (Corrective Agent)
Shakkar Safaid (Refined Sugar)
Shahad Khalis (Pure Honey)
Badal/Substitute: 3-4 11

Badal (Substitute)

Narangi (Orange)

Miqdare Khorak/Dosage: 3-4 11

Component

Aab-e-Lemu (Lemon Juice)

Post wa Tukhm-e-Lemu (Peel

and Seed)

Dosage

6 masha / 5.832 mL

1 masha / 0.972 mL

Antimicrobial activity Inhibits bacterial growth

Antifungal activity Inhibits fungal growth
Mawagqa-e-Istemal (Therapeutic Uses) 3-5 11-15

Condition (Unani

Term) Modern Interpretation / Use

Nausea, Vomiting Gastrointestinal disturbances

Humma Wabai Infectious fevers

Ufoonat Septic or putrefactive conditions
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Nafa Khas/Important function: 3-4 11

Musakkine Safra wa Hiddatae Khoon/

Daf-e- Qai/Anti-emetic

Mugavvi Meda/Strengthnening of GIT

Tiryage Sumoom/Antidote
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Famous Formulations 5

Satte Lemun, Sikanjabeen, Sharbat Lemun
Habit and Habitat

It is a garden plant primarily grown for its valuable fruit,
commonly cultivated in the Khasi Hills, the
southwestern regions of India, and some parts of
northern India. 2*

Botanical Description

Citrus limon (L.) Burm. f. (lemon) is a small, evergreen
tree that typically reaches a height of 2.5 to 3 meters. It
has lance-shaped leaves and bears fragrant, bisexual
flowers that are white with a hint of purple along the
edges of the petals. These flowers appear singly or in
small clusters in the leaf axils. The fruit is a green,
elongated, oval-shaped berry with a pointed tip, turning
bright yellow as it ripens. Inside, the juicy pulp is
divided into segments, similar to that of an orange. The
outer layer of the fruit, or pericarp, includes a thin, waxy
exocarp and the outer mesocarp (flavedo), which
contains oil glands and carotenoid pigments. Beneath
this lies the albedo, the inner part of the mesocarp,
which is soft, white, and spongy in texture. 2°Citrus
limon thrives in sunny locations and prefers loamy,
well-drained, and moist soils with a broad pH tolerance.
™ The Citrus genus as a whole includes evergreen
shrubs or trees ranging from 3 to 15 meters tall. Their
leaves are tough and leathery, usually ovoid or elliptical,
and may bear thorns. The flowers emerge singly from
leaf axils and typically have five petals, which may be
white or tinged with red. The fruits are classified as
hesperidium berries. Citrus species naturally grow in
warm, mild climates most commonly in the
Mediterranean and are generally sensitive to frost. *°

Phytochemistry

Citrus limon (lemon) is particularly rich in flavonoids,
which play a significant role in its biological activity. Key
flavonoids found in the fruit and juice include
flavanones such as hesperidin, hesperetin, naringin, and
eriodictyol; flavones like apigenin and diosmin; and
flavonols such as quercetin. The whole fruit also
contains other flavonoids like limocitrin, spinacetin,
orientin, and vitexin. Compounds like neohesperidin
and naringin are especially characteristic of lemons.
Among citrus species, C. limon has the highest content of
eriocitrin. 2° In addition to flavonoids, lemons are a rich
source of phytochemicals, including polyphenols,
terpenes, and high levels of citric acid (approximately
47 g/L of juice). The essential oil derived from lemon
has a complex composition, dominated by limonene
(around 70%), along with other monoterpenes, citral,
linalool, and small quantities of coumarins. The peel,
which constitutes about 45% of the fruit, contains over
200 volatile and non-volatile compounds, making it a
valuable source of bioactive ingredients. 2’

Chemical Constituents:

Flavonoids (hesperidin, naringin), Limonoids, Phenolic
acid, Carboxylic acids, Coumarins, Furanocoumarins,
Amino acids, Carbohydrates, Vitamins and
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theirsmetabolites (vitamin C, choline, pantothenic acid,
trigonelline), Mineral (Calcium (Ca), magnesium (Mg),
phosphorus (P), potassium (K) and sodium (Na)®é

Scientific Studies:
Antioxidant Activity:

Studies have shown that the antioxidant activity of
flavonoids found in Citrus limon, particularly hesperidin
and hesperetin, goes beyond simple free radical
scavenging. These compounds also enhance the body’s
antioxidant defenses by activating the ERK/Nrf2
signaling pathway. ?® Additionally, vitamin C in lemons
plays a vital role in preventing free radical formation
and protecting DNA from mutations. Research further
indicates that lemon-derived compounds can reduce
lipid peroxidation, as observed in experimental models
of seizures and status epilepticus induced by
pilocarpine in adult rats. ?°

Anticancer Activity:

Nanovesicles derived from Citrus limon juice have been
successfully isolated using ultracentrifugation followed
by purification with a 30% sucrose gradient in an in
vitro setup. These nanovesicles, at a concentration of 20
pg/mL, were found to inhibit the proliferation of various
cancer cell lines by triggering TRAIL-mediated apoptotic
cell death. Moreover, in vivo studies demonstrated that
C. limon nanovesicles can suppress the growth of
chronic myeloid leukemia (CML) tumors by selectively
targeting the tumor site and activating the same
apoptotic pathway. 3°

In another study, an extract made from lemon seeds
using an 80:20 methanol-to-water ratio was shown to
induce apoptosis in human breast adenocarcinoma
(MCF-7) cells, significantly inhibiting their proliferation.
Among several solvent extracts tested including ethyl
acetate, acetone, and methanol the methanol-water
extract showed the highest inhibitory effect (29.1%) in
an MTT assay. These findings suggest that limonoid and
flavonoid compounds, both in aglycone and glycoside
forms, present in the extract, may hold promise as
chemopreventive agents for breast cancer. 3*

Anti-Inflammatory Activity:

Several in vitro and in vivo studies have investigated
hesperidin metabolites and their synthetic derivatives
for their ability to reduce inflammation. These
compounds have shown effectiveness in targeting key
inflammatory markers such as NF-kB, iNOS, and COX-2,
as well as other indicators of chronic inflammation. 22

Additionally, Citrus limon essential oil, administered
orally at doses of 10 or 30 mg/kg, demonstrated
significant anti-inflammatory activity in mice during the
formalin-induced inflammation test. The oil reduced cell
migration, cytokine production, and protein
extravasation triggered by carrageenan. Similar anti-
inflammatory effects were observed with pure D-
limonene, suggesting that the high D-limonene content
in C. limon essential oil is primarily responsible for these
therapeutic effects. 32
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Antimicrobial Activity:

Citrus limon extracts and essential oils have shown
notable antimicrobial properties. Acetone extracts
effectively inhibited both Gram-positive (Enterococcus
faecalis, Bacillus subtilis) and Gram-negative bacteria
(Salmonella typhimurium, Shigella sonnei) with a MIC of
0.01 mg/mL. 3** The essential oil also displayed
antibacterial  activity = against  Bacillus  subtilis,
Staphylococcus capitis, Micrococcus luteus, Pseudomonas
fluorescens, and E. coli, with MICs ranging from 2-4
mg/mL and 100% inhibition in the case of E. coli.** It
also inhibited Streptococcus mutans (MIC 4.5 mg/mL),
reducing bacterial adherence and glucosyltransferase
activity in a dose-dependent manner.?® In terms of
antifungal activity, key components like D-limonene, §3-
pinene, and citral inhibited Aspergillus niger,
Saccharomyces cerevisiae, Candida parapsilosis, and
completely suppressed Candida albicans growth, 36737

Antidiabetic Effect

In a study on streptozotocin-induced diabetic rats, oral
administration of ethanol extracts from Citrus limon
peel (400 mg/kg daily for 12 days) led to reduced blood
glucose levels, accelerated wound healing, and
enhanced tissue growth, collagen synthesis, protein, and
hydroxyproline levels. *® Another study evaluated the
antidiabetic potential of D-limonene in similar diabetic
models. Administered orally at 50, 100, and 200 mg/kg
for 45 days, D-limonene significantly lowered blood
glucose, with the most effective dose being 100 mg/kg.
It also modulated key metabolic enzymes reducing
gluconeogenic activity (glucose 6-phosphatase, fructose
1,6-bisphosphatase) and glucokinase activity alongside
a decrease in liver glycogen. These effects were
comparable to those of the standard drug glibenclamide

(600 pg/kg). *°
Anti-Obesity Activity

In one study, a low-calorie "lemon detox diet" consisting
of 2 liters of a mixture containing 140 g of lemon juice,
140 g of ‘Neera’ syrup, and 2 liters of water daily led to a
significant reduction in serum high-sensitivity C-
reactive protein (hs-CRP) compared to placebo and
normal diet groups. Haemoglobin and haematocrit
levels remained stable in participants on the lemon diet,
while they declined in the other groups. *°

Other research has shown that D-limonene, when
administered at 400 mg/kg daily for 30 days, improves
lipid and glucose profiles in male rats with dyslipidemia
and hyperglycemia. It lowers LDL cholesterol, reduces
lipid accumulation, and helps regulate blood sugar
levels. Its antioxidant properties further support these
effects, and supplementation may help reverse liver and
pancreatic damage, offering potential in obesity
prevention. **

Cardioprotective Activity

A study involving 100 middle-aged women from an
island near Hiroshima found that daily intake of Citrus
limon juice, combined with regular walking over five
months, was associated with reduced systolic blood
pressure. Both lemon juice consumption and physical
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activity showed significant negative correlations with
blood pressure, suggesting a beneficial effect. *? Further
in vitro and in vivo research in rabbits confirmed that
lemon juice (0.4 mL/kg) influences blood pressure and
coagulation factors. In vitro, it significantly increased
thrombin time and activated partial thromboplastin
time, while reducing fibrinogen levels though
prothrombin time remained unaffected. In vivo studies
showed prolonged bleeding and thrombin times,
increased levels of protein C and thrombin-
antithrombin complexes, and changes in hematological
parameters such as erythrocyte count, hemoglobin
concentration, and mean corpuscular haemoglobin. 43

Antiparasitic Effect

The antiparasitic effect of Citrus limon essential oil
against Sarcoptes scabiei var. cuniculi was assessed
both in vitro and in vivo. In vitro, 10% and 20% lemon
oil (diluted in water) achieved 100% mite mortality
within 24 hours. In vivo, weekly topical application of
20% lemon oil on infected rabbits for four weeks
resulted in complete recovery, with no visible clinical
signs or mites detected microscopically from the second
week onward. **

Anti-Allergic Effect

Aqueous extracts from Citrus limon peel were studied
for their effect on histamine release from rat peritoneal
exudate cells (PECs). The extracts significantly inhibited
histamine release triggered by the calcium ionophore
A23187, with inhibition reaching up to 80%.
Interestingly, heating the extract at 100°C for 10
minutes enhanced this effect. In animal models, the
extract also reduced inflammation in mice, showing

anti-inflammatory activity comparable to indomethacin.
38

Hepatoregenerating Effect

Studies have shown that Citrus limon essential oil can
support liver detoxification by activating cytochrome
P450 and enhancing liver enzymes such as glutathione
S-transferase, particularly in cases of chronic liver
toxicity. **

Effects on the Digestive System

Studies have shown that D-limonene enhances gastric
motility and helps reduce nausea, neutralize stomach
acid, and relieve symptoms of gastric reflux. **

Influence on the Nervous System

The effect of Citrus limon juice on memory was
evaluated in mice using the Harvard Panlab Passive
Avoidance test, which measures the delay in entering a
dark compartment as an indicator of memory. Mice
given lemon juice at doses of 0.2, 0.4, and 0.6 mL/kg
showed significantly increased latency times after both
3 and 24 hours compared to controls, suggesting
enhanced short- and long-term memory. *° Additionally,
studies have shown that D-limonene, the main
component of C. limon essential oil, has calming and
anxiolytic effects when inhaled at concentrations of
0.5% and 1.0%. These effects are attributed to the
activation of serotonin and dopamine receptors. D-
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limonene also demonstrated pain-relieving properties
similar to indomethacin and hyoscine. *

Influence on Skeletal System

Research has highlighted the potential of nomilin, a
compound found in Citrus limon, to inhibit
osteoclastogenesis in vitro. Using mouse RAWZ264.7
macrophages and bone marrow-derived macrophages
(BMMs), cell viability was assessed with the Cell
Counting Kit. Nomilin significantly reduced the number
of TRAP-positive multinucleated cells, indicating
decreased  osteoclast formation. At non-toxic
concentrations, it also suppressed bone resorption
activity and downregulated osteoclast-specific genes
like NFATc1l and TRAP, alongside inhibition of the
MAPK signaling pathway. These findings suggest
nomilin’s potential for preventing bone metabolic
disorders such as osteoporosis. *’

C.limon as Corrigent in Pharmacy

In addition to its medicinal benefits, Citrus limon
essential oil is widely used in pharmaceutical and
cosmetic formulations as a flavoring and aromatic agent,
as well as a natural preservative, thanks to its proven
antibacterial and antifungal properties. **

Plant Biotechnological Studies on C. limon

In vitro studies on Citrus limon have primarily focused
on developing micropropagation protocols by
optimizing plant growth regulators (PGRs) for shoot
and root induction. In 2012, researchers at SKN
Rajasthan Agricultural University, India, propagated
shoot cultures from nodal explants on Murashige and
Skoog (MS) medium using various PGRs. The highest
shoot regeneration was observed with low
concentrations of 6-benzyladenine (BA, 0.1 mg/L) or
kinetin (0.5 mg/L). Combinations of BA and 1-
naphthaleneacetic acid (NAA) at 0.1 mg/L each also
promoted shoot proliferation, although higher BA levels
reduced regeneration. Root induction occurred on MS
basal medium or MS supplemented with 1.0 mg/L
indole-3-butyric acid (IBA)#8:49, Another
biotechnological study conducted at the Department of
Citriculture in Murcia, Spain, examined organogenesis
and histological characteristics of mature nodal explants
from two key C. limon cultivars Verna 51’ and ‘Fino 49'.
The MS medium yielded the highest number of buds per
explant compared to Woody Plant Medium. °~52

Aromatherapy

Lemons offer benefits for both skin and mental well-
being.>? Consuming lemons or inhaling their aroma has
been shown to elevate mood and reduce stress, anxiety,
and fatigue. The scent of lemon is also believed to
enhance concentration, which is why it is commonly
used in air fresheners and cooling systems. Some
individuals even inhale lemon-scented drops on a
handkerchief to improve focus.

Discussion

This study aimed to explore the therapeutic potential of
lemon (Citrus limon) within the framework of Unani
medicine. Our findings confirm that lemon possesses
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notable medicinal properties that are in line with
traditional Unani concepts. These observations are
supported by existing scientific literature, which has
extensively documented lemon’s therapeutic effects.
Gaining a deeper understanding of lemon's role in Unani
medicine is essential for bridging the gap between
traditional wisdom and modern clinical approaches. The
therapeutic effects noted in this study are largely
consistent with those recognized in contemporary
medicine, highlighting lemon’s broad medicinal
relevance. However, our research also indicates that its
effectiveness may be limited in certain conditions,
challenging some prevailing assumptions. These
insights offer a more nuanced view of lemon’s place in
Unani healing and lay the groundwork for future
research and clinical applications. Importantly, this
study suggests that lemon could enhance the efficacy of
Unani treatments. Still, practitioners should be cautious
when recommending it to individuals with citrus
allergies or those taking medications that may interact
with citrus compounds. By systematically evaluating
lemon's role in Unani practice, this research contributes
to a relatively underexplored field and opens new
avenues for integrative medical use.

Conclusion:

This review highlights the therapeutic value of Citrus
limon (lemon), showing strong alignment between
Unani medicine and modern scientific research. Lemon
demonstrates a wide range of health benefits
antioxidant, anti-inflammatory, antimicrobial, and
antidiabetic that support its traditional uses in Unani
healing. It also shows promise in improving mood,
memory, and metabolic health. Overall, lemon presents
a valuable natural remedy with the potential to enhance
Unani treatments and support integrative healthcare.
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