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Background and Objectives. Human beings have used natural products as one of the pharmaceutical sources to improve human
health for thousands of years. Phytochemical constituents distributed in different parts of medicinal plants cause therapeutic
effects on treatment of acute and chronic diseases. Over the years, traditional Persian medicine has become popular over Iran and
some countries globally as a source of alternative therapies of kidney diseases and renal dysfunctions. Iranian herbal medicine
consists of natural compounds with complex active ingredients that causes valuable effects. Despite performing research works on
traditional Persian medicine in the treatment of kidney disorders, there is still a need to investigate on chemical components and
biological molecules of medicinal plants. Methods. This review was focused on studying the various secondary metabolites in
model plants of Iranian herbal medicine known as treatment of kidney diseases in traditional Persian medicine textbooks
including Makhzan-ol-Advieh, The Canon of Medicine, and Taghvim al-Abdan fi Tadbir al-Ensan. Results. Secondary metabolites
of 94 medical plants belonging to 42 families were reported with their scientific and family name. Conclusion. Although herbal
medicines are gaining rapid popularity among people and the pharmaceutical industry, the understandings of the phytochemical
and therapeutic properties of medicinal plant are important for developing effective nephroprotective medicines. Therefore, the
relationship between traditional uses and biological properties should be clearly verified through further studies.

1. Introduction

Since ancient times, natural products, such as parts of
plants, animals, and microbes have been utilized in
medicine to treat diseases. According to fossil records,
human usage of plants as remedies may be dated back at
least 60,000 years [1]. Over the past decade, an increasing
attention has been focused on the effect of medicinal
plants. Traditional herbs from different habitats and
geographical locations can be considered as a new strategy

for the treatment of injuries and protection against
infections.

The kidney, as a vital organ, controls water balance,
maintains electrolyte concentrations, removes nitrogenous
waste products, and regulates blood pressure in the body [2].
The kidney is very susceptible to damage and injury and it
might lose its function and cannot act as it should. Kidney
diseases can be made up from inherited mutations [3] and
chronic injuries, such as diabetes [4] and inflammatory
diseases [5]. Moreover, the most famous renal failure known
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as kidney stone is appeared by abnormal accumulation of
crystalline substances such as calcium. Typically, surgery of
kidney stone causes to appear serious difficulties such as
urinary tract obstruction, abnormal urine metabolism, and
hydronephrosis [6]. This critical organ also goes through the
processes of anatomical and physiological changes by aging,
obesity, and hypertension. Moreover, a greater number of
individuals have been diagnosed with chronic renal failure,
which the body is unable to maintain metabolic, fluid, and
electrolyte balance, resulting in a retention of urea and other
nitrogenous wastes in the blood [7, 8]. The kidney is also
remarkably prone to drug-induced toxicity due to exposure
to the largest proportion of circulating chemicals and drugs
[9]. Despite remarkable advances in diagnostic and treat-
ment techniques of kidney diseases, the prevalence of renal
dysfunction has been increasing in recent years. Interest-
ingly, numerous experimental studies have revealed that
herbal medicine has a beneficial effect on improving kidney
function.

Epidemiological evidence suggests that natural bioactive
substances play an essential role in the treatment and control
of modern diseases [10]. Natural products, which have
evolved over millions of years, have a distinct chemical
diversity and result in a wide range of biological activities
and drug-like qualities [1]. Plants produce constitutive
metabolites known as phytochemicals which play a critical
role in their survival and proper function. These chemical
components not only protect plants from competitors,
pathogens, or predators but also control the growth along
with regulating the pollination, fertilization, and the rhi-
zosphere environment [11]. Phytochemicals can be found in
various parts of plant, including stems, leaves, roots, seeds,
fruits, and flowers. However, many phytochemicals, notably
color compounds, are found in high concentrations in the
outer layers of plant tissues [12]. Previous investigations
have reported that phytochemicals lead to reduction in the
risk of some diseases such as coronary heart, diabetes, liver
disorders, high blood pressure, as well as reducing the
synthesis or absorption of cholesterol [13].

Phytochemicals are classified as primary and secondary
metabolites, based on their function in plant metabolism.
Primary metabolites are necessary for plant life and include
carbohydrates, amino acids, proteins, lipids, purines, and
pyrimidines of nucleic acids. On the contrary, secondary
metabolites are the remaining plant chemicals produced by
the cells through metabolic pathways derived from the
primary metabolic pathways [14, 15]. These chemical
components have been described as an antiviral, antifungal,
and antibiotic, which are responsible for protecting plants
from pathogens. Additionally, they are critical UV absorbing
chemical factors, preventing severe leaf damage from the
light [16]. Due to their great biological activities, plant
secondary metabolites have been exerted for centuries in
traditional medicine and the medicinal effects of the plants
come from these molecules [17]. Moreover, various tissues
and organs of medicinal plants could have peculiar me-
dicinal properties at specific developmental phases [18].
These days, they are associated with valuable industries such
as pharmaceutics, cosmetics, and fine chemicals [19].
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Secondary metabolites in plants are classified into three
main groups based on their biosynthetic pathway; (a) ni-
trogen-containing compounds such as alkaloids, glucosi-
nolates, and cyanogenic glycosides, (b) phenolic compounds
such as phenylpropanoids and flavonoids, and (c) terpenes
[17, 20]. Alkaloids are a class of nitrogen-containing com-
pounds produced in plants in response to biotic or abiotic
environment which endows alkaloids to possess remarkable
biological activities and structure diversity [21, 22]. Cya-
nogenic glycosides are amino acid-derived plant compo-
nents found in more than 2500 plant species and are widely
distributed among 100 families of flowering plants [23, 24].
The toxicity of cyanogenic glycoside derivatives is based on
the release of hydrogen cyanide [25]. Glucosinolates contain
sulfur and nitrogen produced in some plants and are
chemically stable under normal conditions [26]. The non-
protein amino acids are structurally similar to protein amino
acids and particularly participate in plant defense against
stress and act as essential mediators in response to abiotic
factors [27]. Amines as low molecular weight are nitroge-
nous compounds which are naturally present in plants and
are responsible for many biological effects such as acting as
important precursors of hormones [28]. Phenolic compo-
nents are derived from shikimate, pentose phosphate, and
phenylpropanoid pathways in plants and have an aromatic
ring with one or more hydroxyl groups [29, 30]. Glycosides
are usually organic molecules isolated from plant sources
and consist of one or more sugars incorporated with phenol,
alcohol, or a complex molecule such as a steroid nucleus
[31]. Terpenoids are the most abundant group of plant
secondary metabolites typically produced in flowers, vege-
tative tissues, and, roots [32]. They show a broad range of
biological activities which result in lower total cholesterol,
triglycerides, or LDL-cholesterol, as well as blood pressure
[33]. A variety of toxic proteins are expressed in plants and
act as resistance factors against plant pathogens and her-
bivores. Most of toxic proteins accumulate in the vulnerable
parts of the plant, such as vegetative storage tissues and seeds
[34]. Carbohydrates are produced through photosynthesis in
plants and are a crucial source of energy and carbon skel-
etons for organic compounds and storage components. In
addition, they act as signaling molecules as same as hor-
mones [35, 36]. 6, 9-polyunsaturated fatty acids are pro-
duced by plants and are essential to the human diet. These
components are of importance increasingly as raw materials
for industry [37]. Organic acids are intermediate or end
products in various fundamental pathways in plant meta-
bolism and catabolism [38].

The effect of medicinal plant utilizes is global and it has
been expanding in numerous countries over the world [39].
Importantly, traditional Persian medicine as a source of
alternative therapies has become popular over Iran and some
countries globally. Iranian herbal medicine consists of
natural compounds with complex active ingredients that
cause valuable effects. Traditional Persian medicine has been
widely used in treating kidney diseases due to its safety and
economic advantages. Because of advances in modern
technology, it is now possible to assess the pharmacology
and mechanisms related to function of many Iranian herbs.
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A wide range of these medicinal plants has been studied to
further apply of plants’ function for agriculture, medicine,
and chemical industries. This review was focused on
studying the various secondary metabolites in model plants
of traditional Persian medicine which they are known as a
treatment of kidney diseases and injuries in traditional
Persian medicine textbooks. We have given the review based
on the most important clinical and pharmaceutical tradi-
tional Persian medicine textbooks, including Makhzan-ol-
Advieh by Aqili (18™ century), The Canon of Medicine by
Avicenna (10" and 11'® centuries), and Taghvim al-Abdan fi
Tadbir al-Ensan (11" century). In this review, we investi-
gated nitrogen-containing compounds including glucosi-
nolates, alkaloids, cyanogenic glycosides, nonprotein amino
acids, amines, and toxic proteins. Additionally, compounds
including phenolic components, terpenoids, glycosides,
carbohydrates, fatty acids, and organic acids were consid-
ered as non-nitrogen-containing components of medical
plants.

2. Methods

First, we have gathered all information of medical plants
which were responsible for the treatment of kidney diseases
and introduced in Makhzan-ol-Advieh, The Canon of
Medicine, and Taghvim al-Abdan fi Tadbir al-Ensan. Then,
we have classified them into their scientific name and dis-
cussed their phytochemical composition in the next topic.
We have collected reports from scientific articles from
journals indexed online in PubMed, Science Direct, and
Medline. The main findings are summarized in figures and a
table.

3. Result

In the current review, a total of 94 medical plant species
belonging to 42 families have been reported to treat kidney
diseases in traditional Persian medicine textbooks specifi-
cally. Table 1 shows bioactive and secondary metabolites of
medicinal plants of traditional Persian medicine with their
scientific and family name. Among them, Apiaceae (11
species), Alliaceae (7 species each), Pinaceae, Fabaceae (6
species each), Lamiaceae, Malvaceae, and Asteraceae (5
species) were the dominant families.

Figure 1 represents the ratio of two groups of bioactive
components in the medical plant of this study. It is shown
that the phytochemical components without nitrogen are
the major part of these plants (82%) compared to the ni-
trogen containing component (18%).

As can be seen in Figure 2, most of the present medicinal
plants contained terpenoids (63%) with considerable effects
on the treatment of renal failure. 53% of mentioned plants
possessed phenolic components. Moreover, organic acids,
fatty acids, and glycosides were observed in 26%, 23%, and
22% of medicinal plants, respectively. Among the nitrogen-
containing components, alkaloids were seen in 17% of plants
and toxic proteins, nonprotein amino acids, amines, cya-
nogenic glycosides, and glucosinolates were demonstrated in
13%, 8%, 4%, 2%, and 1% of plants, respectively.

4. Discussion

Plants play an essential role in primary health care and
treatment of diseases and disorders in traditional medicine.
Kidney disorders and urinary infections are common in
people over the world and a large number of research works
has been done to overcome these challenges. Medicinal
plants offer an attractive source for improving kidney
function and treating the symptoms of renal disorders.
Herein, we have systematically summarized the secondary
metabolites of the medical plants introduced in traditional
Persian medicine books.

Several studies have shown the kidney treatment
properties of some plants presented in the current review
on the folk and traditional medicines of the Mediterra-
nean, China, Bulgaria, and Turkey. In Bulgarian tradi-
tional and folk medicine, Arum maculatum tuber has been
shown to be widely used in cases of kidney stones [137].
Furthermore, aerial parts of Petroselinum crispum impact
kidney stones by consuming a decoction of fresh roots as
tea in Turkish folk medicine [138]. In European herbal
medicine, Cichorium pumilum is known helpful in
cleaning the body and stimulating the eliminative process
both via intestines and kidneys [139]. The traditional
medicine in Algeria believes that Pinus halepensis act as
medical plants for healing stomachaches and kidney in-
flammations [140]. Alisma plantago L. ameliorates hy-
pertension and renal injury based on traditional Chinese
medicine [141].

Although these herbal medicines are popular in folk
culture, the understandings of the phytochemical and the
mode of action of based-plant medicines are of great im-
portance for the development of safe and effective neph-
roprotective drugs. Over the past years, numerous studies
have been performed on some of these traditional medicine
plants to investigate their effect on kidney dysfunction.
According to the previous papers, Cocos nucifera L. was a
urinary antiseptic and coconut water seemed to have pro-
tective effects and treated kidney and urethral stones ef-
fectively [142, 143]. Aloe vera leaf gel extract showed
improvement in the mild damage caused by type2 diabetes
on kidney tissue [144]. Aqueous and ethanolic extract
powders of dried Syzygium aromaticum buds include ade-
quate gallic acids which are one of the considerable com-
pounds of phenolic. It was shown to have a strong
antioxidant impact of gallic acid on kidney dysfunction in
rats [145]. Equisetum arvense L. with traces of alkaloids,
flavonoids, triterpenoids, phytosterols is the most popular
species from the Equisetum genus whose diuretic effects
were confirmed in animal models and clinical trials [84].
Camphor is found in roots and stem of the Cinnamomum
camphora and is produced for health, medical, and indus-
trial applications. Camphor treatment of diabetic rats re-
duced the oxidative stress markers in the liver and kidney
tissues compared to control rats [146]. It was observed that
treatment with Allium porrum L. extract decreased the
number of crystals in kidney sections, and creatinine levels
in treated animals in comparison with the control group. It
suggested that the plant could be an excellent candidate to
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FiGure 1: The ratio of phytochemical components of the medicinal plants studied in the current review.
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FIGURE 2: Percentage of the medicinal plants containing secondary metabolites studied in the current review.

inhibit the formation of calcium oxalate crystals in the
kidney [147].

Due to the active ingredients and active flavonoids of
Pistacia vera L., the hydroalcoholic extract was effective on
urinary tract (kidney and bladder) disorders by the reducing
inflammation and oxidative stress in the kidney. Pistachio
extract enhanced creatinine clearance and reduced the urine
volume, urine glucose, serum creatinine, blood urea ni-
trogen levels, and histopathological scores in all doses;
however, the highest change was seen at dose of 100 mg/kg
[148]. The impact of the extract of Carum copticum seeds was
investigated on the urinary stones of 350 patients. 100%,
53%, and 31.25%, of calcium oxalate, calcium oxalate/uric
acid, and calcium-oxalate/hydroxyapatite stones, respec-
tively, were treated with the extract [149]. Phytochemical
screening showed that Capparis spinosa seed extracts consist
of high level of phenolic compounds with individual

molecules with high nephroprotective and hepatoprotective
activity. Histopathological observation confirmed that pre-
treatment with extract of C. spinosa improved the damages
detected in the kidney [150]. A paper reported that the dose
of 200 mg/kg and 400 mg/kg of methanolic extract of Laurus
nobilis preserved the functional capacity of the kidney
against paracetamol toxicity in treated rat [151]. It was re-
ported that the administration of Malva sylvestris extract not
only significantly protected against lithium-induced oxi-
dative damage, histopathological damage, and biochemical
changes but also decreased the abnormal features detected in
kidney slices of poisoned rats due to the presence of phenolic
acids and flavonoids [152, 153]. The Morus alba
L. methanolic extract in different mice organs improved the
oxidative stress in kidney and consequently, renal functions
were modulated. It suggested that the presence of the
phenolic groups such as quercetin and naringenin in M. alba



could be responsible for OH radical scavenging activity
[154]. Supplementing with Sesamum indicum L. oil showed a
significant reduction in ALP activities in the kidney with no
corresponding increase in the serum, thus suggesting that
the benniseed oil appears to attenuate the effect the hy-
percholesterolemic diet on the kidney [155]. In treatment of
calcium oxalate urolithiasis in rats with Piper cubeba L. fruit
extract, urinary crystals and histopathological derangement
were improved at the doses 35 mg/kg and 60 mg/kg through
significant decrease in urinary calcium after 14 days [156].
Oryza sativa L., as a rich source of anthocyanin, was in-
vestigated in renal function in obese rats. It was observed to
show a reduction in renal injury by the attenuation of either
oxidative stress, or apoptosis of renal cells [157].

A paper indicated that Zizyphus jujuba aqueous extract
at a concentration of 500 mg/kg had a therapeutic role in
reducing nephrotoxicity induced by ibuprofen that is a
nonsteroidal anti-inflammatory drug and relieves pain and
swelling [158]. The Citrus aurantium L. extract at a dose of
200mg/kg was treated for a period of 21 days against
gentamicin-induced renal damage. According to the results,
C. aurantium L. extracts successfully protected renal damage
associated with gentamicin due to its flavonoid contents and
antioxidant properties [159]. Hydroalcoholic extract of
Physalis alkekengi L. at a dose of 420 mg/kg was investigated
for its nephroprotective activity against cisplatin-induced
acute renal injury in rats of either sex for 10 days. The results
showed a significant reduction in the elevated blood urea,
serum creatinine, and uric acid and also normalized the
histopathological changes [160]. Additionally, the bio-
chemical and histopathological results clarified the role of
phenolic-rich Vitis vinifera L. in improving the toxicity of
CCly in the kidney of rats by suppressing the ROS/NF-xB
signaling pathway [161].

Ideally, more investigations on the chemical and phar-
macological activities of these medicinal plants are needed to
discover their mechanisms and to define the metabolites
responsible for their activities. Furthermore, promising
chemical compounds should be extracted to find their effects
on the treatment of kidney failure and the relationship
between biological features and traditional uses should be
clearly verified through further studies.
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