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ABSTRACT

Article Type:

This systematic review was conducted to evaluate the protective effects and the role of medicinal
plants and their derivatives in reducing the cyclophosphamide-induced side effects in the male
urinary system. For this systematic review, the search terms cyclophosphamide, urinary system,
male reproductive system, toxicity, cancer, chemotherapy, and side effects in combination with
the terms medicinal plants, herbal medicines, and natural compounds were used to search for
the relevant publications indexed in Google Scholar, Information Sciences Institute, Scopus, and
PubMed. Fifteen plant extracts, two essential oils, three plant active components, and two herbal
medicines were introduced. According to the results, plants with antioxidant compounds, such
as flavonoids, are able to reduce cyclophosphamide-induced testicular toxicity. It is therefore
recommended that the plants with significant antioxidant effects be prescribed alongside
cyclophosphamide and their effects be compared with other plants plants and their derivatives.
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Implication for health policy/practice/research/medical education:

The introduced medicinal plants in this systematic review can reduce cyclophosphamide induced toxicity in testicular tissue and
therefore exert their protective effects on the drugs’ side effects. They can be used for discovering new drugs by evaluating their
effects in clinical trials.
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Introduction
Cyclophosphamide (CP) has been used as an anticancer
agent since 1950. Besides that, this drug exerts
immunomodulatory effects (1) and is used to treat different
tumors, patients with organ transplant, and autoimmune
diseases such as rheumatoid arthritis and multiple sclerosis
(2). CP regulates the immune system through inducing
differentiation of Th17 cells (3), decreasing in regulatory
T cells (4), and increasing in interferon type I (5). First, CP
in the liver is metabolized to 4-hydroxycyclophosphamide
by cytochrome P450, and then enters into cells and

spontaneously degrades to phosphoramide-mustard and
acrolein (6,7). Phosphoramide-mustard alkylates DNA
through alkyl group’s attaching to DNA, and prevents
its replication and inhibits tumor cells growth. However,
acrolein exerts toxic effects on the body’s healthy cell
because it produces reactive oxygen species and nitric
oxide, and leads to production of peroxynitrite that
destroys intracellular lipids, proteins, and DNA (8).
Different studies have reported certain side effects of
CP. For example, a study demonstrated that treatment
with a single dose (100 mg/kg) of CP caused induction
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of oxidative stress in mouse liver (2). Moreover, treatment
with CP causes hemorrhagic cystitis, a type of urinary
tract infection and causes hemorrhage, angiogenesis,
and lower urinary tract necrosis (9,10). CP-induced toxic
effects on gonads are considered relevant side effects of
chemotherapy with CP that can lead to infertility. Increased
incidence of sperm abnormalities such as oligospermia
and azoospermia in patients undergoing treatment with
CP confirms this argument (11). In addition, CP injection
caused damage to sex cells in male rats. Moreover, the
shape of chromatin in these cells changes, and in the case
of fertilization, the genetics of the egg changes and hence
fetal death occurs (12,13).
According to the available evidence, despite having
significant pharmaceutical effects in treating different
diseases, especially cancer, CP causes several side effects
particularly in the reproductive system. This has limited
the use of this drug. However, since many studies have
been conducted to identify nature-based products to
reduce the side effects of CP, this review seeks to review
the effects of medicinal plants and their derivatives on the
male urinary system in a focused manner, to report their
protective effects on associated complications to offer an
analysis of the plants’ role in reducing these complications.
Plants have long been used by local people to prevent
many diseases and side effects (14-21). Also their effects
have already been confirmed in scientific investigations
(22-26).
Materials and Methods
To conduct this review article, the relevant search terms
consisting of cyclophosphamide, male reproductive

system, toxicity, cancer, chemotherapy, and side effects
combined with medicinal plants, herbal medicines, and
natural compounds were used to search for relevant
publications indexed in Information Sciences Institute,
PubMed, Scopus, and Google Scholar between 2000 and
2016. To decide on the eligibility of an article for inclusion
in this analysis, the abstracts were previewed. If the article
was useful and required for this review, then its full text
was retrieved for more detailed analysis.
The inclusion criteria were: having an abstract in English
language, studying CP-induced toxicity with emphasis on
the male genital tract, using medicinal plants and their
active compounds to reduce CP-induced toxicity, and
having an experimental design (in vitro and in vivo).
In a primary search using the above search terms, 653
abstract were selected for analysis. After setting aside
duplicate publications (n: 75), the rest of the abstracts
(n: 578) were studied according to the titles. Of these
abstracts, 482 abstracts were excluded because of being
written in a non English language, not studying medicinal
plants, and not using cyclophosphamide to induce toxicity.
The full text of 96 articles were retrieved and analyzed.
Afterwards, 74 articles were excluded because of adopting
inappropriate study design, not having a controlled
design, not reporting plant-based active compounds, and
not focusing on the male reproductive system. Finally, 22
articles were included in the review (Figure 1).
Phytotherapy and phytopharmacology
Of these articles, 15 described plant-based extracts, three
plant-based active compounds, two essential oils, and two
herbal medicines (27-48) (Table 1).

Records identified through database searching by
combination of keywords
(n= 653)

Abstracts after removing duplicates
(n= 578)

Abstracts screened for inclusion
(n= 578)

Full-text articles screened for
inclusion
(n= 96)

Abstract excluded
)n= 482(
Not English
Not medicinal plants
Not cyclophosphamide-induced
toxicity
Full-text articles excluded
(n=74)
Not controlled study
Wrong study design
Not study male reproductive toxicity

Articles included this review
(n= 22)

Figure 1. Flow chart of systematic search of selection studies
Figure 1. Flow chart of systematic search of selection studies
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Table 1. Medicinal and their derivatives for reduction of cyclophosphamide-induced toxicity in the male urinary system
Medicinal plants/
compound(s)

Study design

Phytotherapy

Dose and delivery of
cyclophosphamide(CP)

Dose and delivery of
phytotherapy

Results

Ref.

Nigella sativa

32 days; 4 groups
Male mice
(n = 6)

Ethanol extract

200 mg/kg; Intraperitoneal
injection

10 mg/kg;
Intraperitoneal
injection

Improved histomorphology of the testes, and in the morphology of the sperm; Increase in the sperm count;
Decrease in the acrosome-reacted sperm.

(28)

Camellia sinensis

14 days;
3 groups (n=not
mention)

Male mice

Infusion

100 mg/kg; Single dose in 14th
day; Intraperitoneal injection

250 mg/kg; Oral

Decrease in the malondialdehyde (MDA) level in testis tissue, in the protein carbonyl level in testis tissue;
in the DNA damage index in testis and epididymis tissue; Significant increase in the count, motility and
integrity of sperm, in the activity of glutathione peroxidase (GPx) and glutathione S-transferase (GST) in
testis, and in the concentration of 17β-hydroxysteroid dehydrogenase.

(27)

American ginseng

42 days;
4 groups (n=7)

Male rats

Extract

6.1 mg/kg; Intraperitoneal
injection

500 mg/kg; Oral

Increase in epididymal sperm count, and in motility of epididymal sperm; Decrease in dead epididymal
sperm and abnormal epididymal sperm.

(29)

Ginger and Pumpkin
seed

42 days;
4 groups (n=10)

Male rats

Extracts

100 mg/kg; Intraperitoneal
injection

300 mg/kg; oral

Significant increase in the count of spermatogonia, spermatocytes and sperm; Significant increase in the
serum level of antioxidant.

(30)

Cinnamomum
zeylanicum Nees

RCT; 21 days; 5
groups (n=7)

Male rats

Hydroalcoholic
extract

5 mg/kg; Intraperitoneal
injection

50 , 100 and 200 mg/
kg; Oral

Significant increase in LH level; Significant increase in testosterone level; Significant decrease in FSH level;
Significant increase in weight of testes.

(31)

Aqueous extract

5 mg/kg; Oral

20 mg/kg;
Oral

Significant increase in the weight of testes, epididymis, seminal vesicle and ventral prostate, in the tubule
differentiation index (TDI) and spermiation index (SPI); in the level of FSH and LH, and in the sperm
count and motility; Significant decrease in the number of abnormal and dead sperm, and in the level of
testosterone; Improved histomorphology of testis.

(32)

Significant decrease in the percentage of aberrant sperm; and in the percentage of abnormal metaphase in
the meiotic cells of testis.

(33)

Significant increase in the sperm count, motility and viability and gonadosomatic index (GSI), and in the
activity of superoxide dismutase (SOD) and catalase (CAT) in testis; Improved histomorphology of testis, and
in the DNA damage of sperm; Significant decrease in the activity of Lipid peroxidation (LPO).

(34)

Animal

28 days; 4 groups
Crataegus monogyna
Male rats
(n=6)
28 days;
5 groups (n=5)

Male mice

Fruit extract

50 mg/kg; once week;
Intraperitoneal injection

Phyllanthus fraternus 35 days;
Webster
6 groups (n=6)

Male mice

Aqueous extract

200 mg/kg; Once week;
Intraperitoneal injection

Aegle marmelos

Achillea millefolium

28 days;
4 groups (n=6)

Male rats

Aqueous extract

5 mg/kg; Oral

Punica granatum

28 days
4 groups (n=6)

Male rats

Ethanol extract

15 mg/kg; Twice week; Oral

Ginkgo biloba

28 days;
4 groups (n=not
mention)

Male mice

Extract

6.5 mg/kg; Oral

Cucurbita pepo var.
styriaca

42 days;
4 groups (n=10)

Male rats

Extract

100 mg/kg; Single dose;
Intraperitoneal injection
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200, 400 and 600 mg/
kg; Oral
200, 300 and 400
mg/kg
Once week
Oral

1.2 g/kg; Oral

Significant increase in the weight of testes and epididymis, in the Sertoli cell index, meiotic index and
repopulation index, in the serum level of testosterone, in the count and motility of sperm; and in the
capacity of testicular antioxidant; Improved histomorphology of testis; Significant decrease of dead and
(35)
abnormal sperm, the serum level of LH and FSH, the serum activity of lactate dehydrogenase (LDH), creatine
phosphokinase (CPK) and glutamic oxaloacetate transaminase (SGOT).
Significant increase in the sperm count, motility and normality, in the serum level of testosterone and in the
total protein of testis tissue; Significant decrease in the testicular level of MDA, in the activity of SOD in the
testis, in the testicular level of glutathione.

(36)

100 mg/kg; Oral

Improved histomorphology of testis; Significant increase in the sperm count, in the level of testosterone
and LH, and in the testicular level of catalase; Significant decrease in the abnormality of sperm, and in the
testicular level of MDA.

(37)

300 and 600 mg/
kg; Intraperitoneal
injection

Significant increase in the epididymal sperm count, motility, viability and normality; Improved
histomorphology of epididymis.

(38)

100 mg/kg; Oral
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Table 1. Continued
Extract of root

100 mg/kg; Once week;
Intraperitoneal injection

100, 500 and 1000
mg/kg; 5 days in each
week; Oral

Significant increase in the weight of testis, in the sperm count, in the motility of sperm, and in the cAMPresponsive element modulator (CREM) gene expression.

(39)

42 days; 4 groups
Male rats
(n=10)

Extract

100 mg/kg; Single dose;
Intraperitoneal injection

300 and 600 mg/kg;
Oral

Improved histomorphology of the testis; Significant increase in the count of germ cells and sertoli cell, and
in the serum level of antioxidant.

(40)

Trigonella foenum
graecum

56 days;
4 groups (n=20)

Male mice

Seed extract

7 mg/kg; 3 times/week; Oral

0.4 g/kg; 3 times/week
(same time); Oral

Improved histomorphology of the testes; Significant increase in the serum activity of SOD and catalase;
Significant decrease in the serum level of MDA.

(41)

Foeniculum vulgare

3 days; 5 group;
(n=5)

Male mice

Essential oil

40 mg/kg; Single dose;
Intraperitoneal injection

1 and 2 ml/kg; Oral

Significant decrease in the total sperm abnormality.

(42)

Satureja
khuzestanica

28 days; 4 groups
Male rats
(n=8)

Essential oil

6 mg/kg; Oral

255 mg/kg; Oral

Significant reduction in the testes lipid peroxidation; Significant increase in the testis total antioxidant power
(TAP), in the fertility, in the testosterone level, in the weight of testis, epididymis, Ventral prostate and
(43)
Vesicule seminal, and in the count and motility of sperm; Significant improvement in the histological index.

200 mg/kg; Single dose;
Intraperitoneal injection

Improved histomorphology of the testes and epididymis; Significant increase in the sperm motility and
viability, in the serum level of testosterone, LH and FSH, in the weight of epididymis, in the SOD activity of
60 and 120 mg/kg; Oral testes, in the SOD activity of epididymis, in the catalase activity of testes, in the glutathione S-transferase
(44)
activity of testes and epididymis, and in the nitrite level of testes and epididymis; Significant decrease in the
H2O2 level of testes and epididymis, in the MDA level of testes and epididymis.

Astragalus
membranaceus

35 days;
5 groups (n=8)

Zingiber officinale

Male mice

14 days; 6 groups
Male rats
(n=10)

Gallic acid

Gallic acid

Rutin

28 days; 3 groups
Male rats
(n=5)

Rutin

15 mg/kg; twice week; Oral

30 mg/kg; twice week;
Oral

Improved morphology of the sperm; Significant decrease in the activity of superoxide dismutase, in the
MDA level in epididymis, in the Lactate dehydrogenase (LDH) level in testis and epididymis, and in the
Sorbitol dehydrogenase (SDH) level in testis, in sperm count and motility; Significant increase in the activity
of catalase in testis and epididymis, in the levels of glutathione, glutathione peroxidase, glutathione
reductase and glutathione s-transferase in epididymis, in the alkaline phosphatase (ALP) level in testis,
in the acid phosphatase (ACP) level in testis, and in the 3β-Hydroxysteroid dehydrogenase (3β-HSD) and
17β-Hydroxysteroid dehydrogenase (17β-HSD) level in testis.

Flavonoids of
epimedium

35 days; 4 group
(n=10)

Male mice

Flavonoids

50 mg/kg; First 7 days;
Intraperitoneal injection

200 and 400 mg/kg; 28
days; Oral

Significant increase in the sperm count and motility, in the Bcl-2 gene expression, and in the testicular level
of SOD and glutathione peroxidase; Significant decrease in the testicular level of MDA, in the testicular germ (46)
cell apoptotic index, and in the Bax gene expression.

56 days;
3 groups (n=7)

Male rats

32% Rehmannia
glutinosa, 16%
Dioscorea
japonica, 16%
Cornus officinali,
12% Poria cocos,
12% Paeonia
suffruticosa,
and 12% Alisma
plantagoaquatica

20 mg/kg; First week;
Oral

1 g/kg; Oral

Significant increase in the weight of testes, in the CREM gene expression, and in the sperm count and
motility; Significant decrease in the testes level of MDA.

(47)

37 days;
4 group
(n=9)

Male mice

A mix of plant
extracts

50 mg/kg; First 7 days;
Intraperitoneal injection

360 and 1260 mg/kg;
30 days; Oral

Significant increase in the sperm count and motility, and in the relative protein expression AR/GAPDH;
Significant decrease in the testicular apoptotic index, in the relative protein expression Bax/Bcl-2, and in the
relative mRNA expression Bax/Bcl-2.

(48)

Yukmijihwang-tang

Yangjing capsule
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Male infertility causes high levels of stress for couples.
Defects in spermatogenesis is the most common cause of
male infertility (49). CP has been demonstrated to induce
testicular toxicity and to degenerate spermatogenesis
Sertoli cells. In addition, CP was shown to inhibit the
production of androgens in adult male mice. CP seems
to cause inhibition of Leydig cells through LH release,
which causes a decline in production of testosterone and
hence makes spermatogenesis defective (50). Decreased
proportion of sperm is due to increased amount of oxygen
free radicals (51). This can be attributed to the oxygen
free radicals produced by CP (52), because CP can cause
oxidative stress in addition to enzymatic and hormonal
alterations (53).
Antioxidants are able to inhibit oxygen free radicals,
reduce oxidative stress, and minimize associated
complications (54-58). The plants and plant-based
compounds, presented in this review article, are highly
useful to reduce oxidative stress. Moreover, this review
demonstrated CP-induced escalation of oxidative stress
indices and CP’s effect on reproductive system toxicity. All
the reviewed studies indicated that phytotherapy caused
attenuation of oxidative stress. All of the plants offered in
this article have certain compounds such as flavonoids.
Flavonoids are phenolic compounds that can be found in
many plants and exert antioxidant properties (59).
Conclusion
Plants that contain flavonoids can reduce CP-induced
toxicity, which causes oxidative stress and increases free
radicals in testicular tissue, and therefore exert their
protective effects on the drugs’ side effects.
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