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Abstract- Cyclophosphamide (CP) is extensively used as an antineoplastic agent for the treatment of 

various cancers, as well as an immunosuppressive agent. However, despite its wide spectrum of clinical uses, 

CP is known to cause several adverse effects including reproductive toxicity. Crataegus monogyna is one of 

the oldest pharmaceutical plants that have been shown to be cytoprotective by scavenging free radicals. The 

present study was conducted to assess whether Crataegus monogyna fruits aqueous extract with anti-oxidant 

properties, could serve as a protective agent against reproductive toxicity during CP treatment in a rat model. 

Male Wistar rats were categorized into four groups. Two groups of rats were administered CP at a dose of 5 

mg in 5 ml saline/kg/day for 28 days by oral gavages. One of these groups received Crataegus monogyna 

aqueous extract at a dose of 20 mg/kg/day orally four hours after cyclophosphamide administration. A vehicle 

treated control group and a Crataegus monogyna control group were also included. The CP-treated group 

showed significant decreases in the body, testes and epididymides weights as well as many histological 

alterations. Stereological parameters and spermatogenic activities (Sertoli cell, repopulation and miotic 

indices) were also significantly decreased by CP treatment. Notably, Crataegus coadministration caused a 

partial recovery in above-mentined parameters. These findings indicate that Crataegus monogyna may be 

partially protective against CP-induced testicular toxicity. 

© 2012 Tehran University of Medical Sciences. All rights reserved.  

Acta Medica Iranica, 2012; 50(1): 1-8.  
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Introduction 
 
Cyclophosphamide (CP), is a widely used cytotoxic 
alkylating agent with antitumor and immunosuppressant 
properties. It is used for the treatment of chronic and 
acute leukemia, multiple myeloma, lymphomas, 
rheumatic arthritis and systemic lupus erythematosus 
and in preparation for bone marrow transplantation (1). 
Cyclophosphamide undergoes bioactivation by the 
hepatic microsomal cytochrome P450 mixed function 
oxidase system to active metabolites that enter the 
circulatory system. Phosphoramide mustard and acrolein 
are the two active metabolites of cyclophosphamide (2). 
The antineoplastic effects of cyclophosphamide are 
associated with phosphoramide mustard, whereas 
acrolein is linked to toxic side effects like cell death, 
apoptosis, oncosis and necrosis (3). In spite of its 
therapeutic importance, a wide range of adverse effects 
including reproductive toxicity has been demonstrated 
following cyclophosphamide treatment in humans and 

experimental animals (4). Adult male patients treated 
with CP have demonstrated diminished sperm counts 
and an lack of spermatogenic cycles in their testicular 
tissue (5). Previous studies on male rats have confirmed 
the potential of CP to cause oligospermia, azoospermia 
and histological alterations in the testis and epididymis 
(6,7). Decrease in weight of reproductive organ, 
impaired fertility, growth and development of next 
generation was also observed in cylophosphamide 
treated male rats (8). Although, the precise mechanism 
by which CP causes testicular toxicity is poorly 
understood, numerous studies have shown that CP 
exposure can disrupt the redox balance of tissues leading 
to oxidative stress (9-11). It has been reported that 
oxidative DNA damage is caused by hydroperoxide 
derivative of CP through generation of H2O2 (12). Also, 
acrolein has been found to interfere with the tissue 
antioxidant defense system and produces highly reactive 
oxygen free-radicals that are mutagenic to mammalian 
cells (13). Consequently, from these aforementioned 
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studies, combination of the drug delivery together with 
potent and safe antioxidant may be the appropriate 
approach to reduce CP-induced reproductive toxicity. 

Hawthorn (Crataegus), found in northern temperate 
regions such as East Asia, Europe, and Eastern North 
America, is a genus of the Rosaceae family. The two 
most common species used are Crataegus laevigata (syn 
Crataegus oxyacantha) and Crataegus monogyna. 
Hawthorn was first mentioned as a drug in the Tang-
Ben-Cao (659A.D.), which is the world’s earliest 
officially published pharmacopoeia (14). Independent 
studies have showed that extracts of Crataegus (from 
several parts of the plant including fruits) are rich in 
proanthocyanidins and flavonoids (15,16). Many of 
these phenolic compounds have been shown to be 
cytoprotective by scavenging superoxide anion, 
hydroxyl radical, hydrogen peroxides and reducing lipid 
peroxidation (17-19). Based on above findings, the 
present study was undertaken to assess whether 
Crataegus monogyna fruits aqueous extract with anti-
oxidant properties could serve as a protective agent 
against reproductive toxicity during CP treatment in a 
rat model. 

 
Materials and Methods 
 
Plant material 
The ripe fruits of Crataegus monogyna were collected 
from its natural habitat around the city of Urmia in West 
Azerbaijan province, northwestern Iran. The 
identification of collected plants was confirmed 
scientifically at the research laboratories of the 
Department of Agriculture of West Azerbaijan province. 
 
Preparation of the aqueous extract 

After collection, the fruits were dried for 7–10 days 
in the shade at room temperature. The dried fruit were 
then ground, and the powder was stored in cloth bags at 
5°C until transfer to the laboratory for extraction. The 
method for preparing dry water-soluble plant powders 
has been previously described (16). Briefly, dried plant 
material (25 g) was stirred in 250mL of distilled water 
for 15 min at 100°C, followed by rapid filtration through 
a crude cellulose filter and then Whatman#1 filter paper. 
The resulting filtrate was freeze-dried and the powder 
was stored at −18°C in a desiccant until required. The 
average (w/w) yield was 12.4%. 
 
Animal model 

Adult sexually mature male (4 months of age, 
weighing 177.75±7.68 g) albino rats of Wistar strain 

were obtained from animal Resources Center of 
Veterinary Faculty of Urmia University. They were 
housed in a specific pathogen-free environment under 
standard conditions of temperature (25±2°C), relative 
humidity (50±10%) and light (12 h light/12 h dark). 
They were fed with a standard pellet diet and had free 
access to water. Animals were checked daily for 
occurrence of any toxic signs. All ethical themes of 
studies on animals were considered carefully, and the 
experimental protocol was approved by Institute Review 
Board. 
 
Experimental protocol 

After 7 days of acclimation to the environment, the 
rats were randomly divided into four groups consisting 
of six animals each (n=6) as described below according 
to the treatment they received; control group (Cont), 
Crataegus group (Cr), Cyclophosphamide group (CP) 
and Cyclophosphamide-Crataegus group (CPCr). The 
two experimental groups (CP and CPCr) were gavaged 
cyclophosphamide (Endoxan®, Baxter Oncology Gmbh, 
Germany) at a dose of 5 mg in 5 ml saline/kg/day, which 
is in correspondence to the therapeutic dose. The 
controls were given a equivalent amount of distilled 
water. The (Cr) group was gavaged Crataegus 
monogyna aqueous extract at a dose of 20 mg/kg/day. 
The (CPCr) group also received the same dose of this 
extract four hours after cyclophosphamide 
administration. The treatment period was 28 days. The 
protocol for this study, including doses and duration of 
treatment for CP and Crataegus, were all designed 
according to previous studies (9,20). 
 
Sampling 

Animals were euthanized by CO2 exposure  
in a specific device following anesthesia with  
Ketamine 24 hours after the last Crataegus  
treatment. Testes and epididymides were quickly 
dissected out, cleared of adhered connective tissue and 
weighed on a Mattler Basbal scale (Delta Range, 
Tokyo). Testes were fixed in Bouin’s fixative (0.2% 
picric acid/2% (v/v) formaldehyde in PBS) for 
histological evaluation. 
 
Histological analysis 

After fixation of testes, they were directly 
dehydrated in a graded series of ethanol, cleared in xylol 
and embedded in paraffin wax. Thin sections (6 μm) 
perpendicular to the longest axis of the testis were cut 
using a microtome, stained with hematoxylin and eosin 
and examined using a light microscope. 
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Determination of histological parameters 
For each testis, five vertical sections from the polar 

and the equatorial regions were sampled (21) and an 
unbiased numerical estimation of the following 
histological parameters was determined using a 
systematic random scheme. 
 
Seminiferous tubules diameter (STsD) and germinal 
epithelium height (GEH) 

For measuring of seminiferous tubule diameter  
and germinal epithelium height, 200 round or nearly 
round cross-sections of seminiferous tubules were 
randomly analyzed in each rat (one hundred per  
testis). Then, two perpendicular diameters of each  
cross-section of seminiferous tubules were measured 
using an ocular micrometer of light microscopy 
(Olympus Co., Germany) and their means were 
calculated. Also, germinal epithelium height was 
measured in 4 equidistance of each cross-section of 
seminiferous tubules and their means were calculated 
(22). 
 
Cross-sectional area of the seminiferous tubules (AC) 

The cross-sectional area of the seminiferous tubules 
(AC) was recorded using the equation AC=πD2/4, where π 
is equivalent to 3.142 and D the mean diameter of the 
seminiferous tubules (23).  
 
Number of profiles of seminiferous tubules in a unit 
area of testis (NA) 

The number of profiles of seminiferous tubules per 
unit area (NA) was estimated based on the principle of 
Gundersen (1977) (24) by using the unbiased counting 
frame (23). 
 
Numerical density of seminiferous tubules (NV) 

The number of seminiferous tubules profiles per unit 
volume (NV) was derived with the modified Floderus 
equation: NV =NA/ (D+T) (25) Where; NA is the number 
of profiles per unit area, D is the diameter and T the 
average thickness of the section (23).   
 
Sertoli cell index (SCI), repopulation index (RI) and 
miotic index (MI) 

Sixty seminiferous tubules per group were  
randomly examined for the calculation of Sertoli  
cell index (SCI), repopulation index (RI) and  
miotic index (MI). SCI is the ratio of the number of 
germ cells to the number of Sertoli cells identified  
by a characteristic nucleus and nucleolus in all 
seminiferous tubules (26). RI is the percentage of 

tubules populated with germ cells that had clearly 
reached the intermediate spermatogonial stage or later 
(27). MI, the number of round spermatids for each 
pachytene primary spermatocytes, was calculated for 
determination of cell loss percentage during cell division 
(28). 

 
Leydig cell nuclear diameter (LCND) and Sertoli cell 
nuclear diameter (SCND) 

These parameters were also determined using 
calibrated ocular micrometer as described by Elias and 
Hyde (29). 

 
Statistical analysis 

Results are expressed as mean±standard  
deviation (S.D). Differences between groups were 
assessed by the analysis of variance (ANOVA) using the 
SPSS software package for Windows. Statistical 
significance between groups was determined by  
Tukey multiple comparison posthoc test and the P-
values less than 0.05 were considered to be statistically 
significant. 

 

Results 
 
Clinical signs and body and organ weight changes 
All animals survived the experimental period. CP- 
treated animals showed general signs of deterioration 
such as piloerection, hair loss, lethargy, hunched 
posture, shivers and low activity. Body, testes, and 
epididymides weights were significantly decreased by 
cyclophosphamide treatment, while it was less decreased 
from controls with Crataegus coadministration. The 
absolute and relative weights of testes and epididymides 
were significantly lower than controls after 
cyclophosphamide treatment. Daily administration of 
Crataegus caused a significant increase in the absolute 
and relative weights of testes and absolute weight of 
epididymides of cyclophosphamide-Crataegus group in 
comparison with cyclophosphamide group, but  
relative weight of epididymides was not protected by 
Crataegus coadministration. Body, testes and 
epididymides weights , absolute and relative weights of 
testes and absolute weight of epididymides increased 
significantly in Crataegus group as compared to control 
(Table 1). 

 
Histopathologic findings 

CP induced drastic morphologic changes in the testis 
(Figure 1B). 
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Table 1. Effect of cyclophosphamide and Crataegus monogyna fruits aqueous extract on body weight and weights of testis and 
epididymis. 

 Control CP Crataegus CP + Crataegus 
Final Body Weight (BW, g) 226.33±5.35 182.00±6.06a 229.66±4.92b 211.33±5.00a,b 
Absolute  weight (g)     
Testes 2.01±0.065 1.49±0.040a 2.14±0.017a,b 1.81±0.043a,b 
Epididymides 1.15±0.044 0.85±0.010a 1.21±0.023a,b 1.01±0.037a,b 
Relative weight (per BW, %)     
Testes 0.88±0.011 0.82±0.004a 0.93±0.014a,b 0.85±0.008a,b 
Epididymides 0.50±0.019 0.46±0.023a 0.52±0.010b 0.47±0.017a 

 The values are expressed as mean ± S.D. (n = 6).  a Significant differences as compared with the control group at P <0.05.  
b Significant differences as compared with the cyclophosphamide group at P <0.05. 

 
Atrophied seminiferous tubules showed severe 

hypocellularity (reduction in number of germ cells) and 
intraepithelial vacuolization. Rupture, vacuolization, 
vascular congestion, inflammatory cells infiltration, 
oedematous fluid accumulation and interstitial space 
widening were also observed in intertubular connective 

tissue. In these specimens, Leydig cells were 
degenerated and appeared with pyknotic nuclei. 
Moreover, Sertoli cells lost their junction with germ 
cells and looked amorphous with irregular and smaller 
nuclei. Administration of Crataegus along with CP 
restored these changes towards normalcy (Figure 1D). 

A                                                                                           B 

  
C                                                                                           D 

  
 
Figure 1. Photomicrographs of testicular sections of control (A), Cyclophosphamide (B), Crataegus (C) and 
Cyclophosphamide+Crataegus (D) treated rats. Testes from control (A) and Crataegus-treated (C) rats exhibit a normal feature of 
seminiferous epithelium and interstitial tissue with active spermatogenesis. However, a testis from a Cyclophosphamide treated rats 
(B) reveals markedly atrophied seminiferous tubules with severe hypocellularity and impaired spermatogenesis. Note Rupture, 
vacuolization, vascular congestion, oedematous fluid accumulation and interstitial space widening in intertubular connective tissue. 
Crataegus cotreated animals (D) display nearly normal histoarchitecture. Hematoxylin and eosin (×200). 
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Table 2. Effect of cyclophosphamide and Crataegus monogyna fruits aqueous extract on Sertoli cell index, repopulation index and 
miotic index. 

 Control CP Crataegus CP + Crataegus 

Sertoli cell index 25.22±0.85 4.50±0.17a 25.17±1.36b 18.53±0.89a,b 
Repopulation index 95.41±2.03 19.58±2.08a 96.16±2.48b 79.83±2.63a,b 
Miotic index 2.11±0.027 0.98±0.013a 2.05±0.014a,b 1.64±0.008a,b 
     
     

The values are expressed as mean±S.D (n=6).   
a Significant differences as compared with the control group at P<0.05.   
b Significant differences as compared with the cyclophosphamide group at P<0.05. 
 
 

Table 3. Effect of cyclophosphamide and Crataegus monogyna fruits aqueous extract on histological parameters of testis. 

 Control CP Crataegus CP + Crataegus 

STsD (µm) 256.79±4.94 97.23±4.99a 247.61±9.23b 194.89±7.12a,b 
GEH (µm) 97.90±3.99 37.75±3.14a 95.39±6.19b 72.51±1.86a,b 
AC (×103 µm3) 51.81±2.00 7.44±0.76a 48.21±3.60b 29.86±2.18a,b 
NA (×10-8 µm-2) 33.93±2.96 9.73±0.54a 34.00±2.50b 22.06±1.17a,b 
NV (×10-10 µm-2) 12.91±1.16 9.43±0.55a 13.41±1.05b 11.00±0.92a,b 
LCND (µm) 6.32±0.48 3.48±0.27a 6.49±0.54b 5.02±0.42a,b 
SCND (µm) 9.22±0.75 6.44±0.53a 9.45±0.37b 8.98±0.45b 

STsD, seminiferous tubules diameter; GEH, germinal epithelium height; AC, Cross-sectional area of the seminiferous tubules; NA, 
Number of profiles of seminiferous tubules in a unit area of testis; NV, Numerical Density of seminiferous tubulesas; LCND, Leydig 
cell nuclear diameter; SCND, Sertoli cell nuclear diameter. The values are expressed as mean±S.D (n=6). 
a Significant differences as compared with the control group at P<0.05. 
b Significant differences as compared with the cyclophosphamide group at P<0.05. 

 

 
Histological parameters 

As seen in Table 2, Cyclophosphamide treatment 
induced deletion of germ cells during spermatogenesis, 
which resulted in a dramatic decrease in SCI. Due to the 
germ cells deletion, the number of repopulated 
seminiferous tubules was greatly decreased in the CP-
treated animals. CP treatment also caused considerable 
decrease in miotic index. However, Crataegus 
coadministration significantly attenuated the CP-induced 
germ cell loss from seminiferous tubules. 

The seminiferous tubules diameters (STsD) and their 
epithelial heights (GEH), Cross-sectional area of the 
seminiferous tubules (AC), Number of profiles of 
seminiferous tubules in a unit area of testis (NA) and 
Numerical Density of seminiferous tubules (NV) as well 
as Leydig cell nuclear diameter (LCND) and Sertoli cell 
nuclear diameter (SCND) were reduced by CP 
treatment. CP-induced testicular damages were 
mitigated by Crataegus coadministration (Table 3). 

 
Discussion 
 
Many drugs used for cancer chemotherapy are known to 
produce toxic side-effects in multiple organ systems 

including the testes. In a clinical context, testicular stem 
cell damage in patients exposed to chemotherapeutic 
drugs for a limited duration could result in long-term 
infertility or genetic alterations (30). A strategy to 
diminish the side-effects of anticancer drugs with 
preservation of their chemotherapeutic efficacy is 
necessary. Effective anticancer and immunosuppressive 
therapy with CP is severely limited by testicular toxicity 
as documented in a variety of species (4). An oxidant 
mechanism may be involved in the reproductive 
toxicity, wherein CP and its metabolite acrolein cause 
inactivation of microsomal enzymes and result in 
increased reactive oxygen species generation and lipid 
peroxidation (31). In the present study, reduction in 
body weight, weight of the testis and epididymis and 
histological changes in testis were indicative of drug 
toxicity. Because the weight of the testis largely depends 
on the mass of the differentiated spermatogenic cells 
(32), the marked reduction in organ weight by CP can be 
explained by diminished number of germ cells, atrophy 
of Leydig cells and a significant lower rate of 
spermatogenesis as confirmed by our findings. 
Chemotherapy can result in long-term or permanent 
azoospermia, the mechanism of which is most likely the 
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death of germ cells (33) and stereological parameters 
such as seminiferous tubules diameters and their 
epithelial heights, cross-sectional area of the 
seminiferous tubules, number of profiles of seminiferous 
tubules in a unit area of testis and numerical density of 
seminiferous tubules can also give information about the 
testicular damage degree as a consequence of germ cell 
death. In general, massive germ cell loss caused by 
anticancer drugs is followed by a sharp decline in 
testicular stereological parameters (34). As shown in 
present study, depletion of seminiferous epithelium and 
the consequent decrease of morphometric and 
stereological measurements caused by cytotoxic agents 
were confirmed in our report. 

Increased generation of free radicals is one of the 
possible mechanisms involved in CP-induced Leydig 
cell degeneration resulted in reduced availability of 
androgens (35). Structural development and maturation 
of germ cells and spermiation are important functions of 
Sertoli cells (36). Therefore, a potential explanation for 
the failure of spermatogenesis in the CP-treated males is 
disruption of androgen-dependent junction of Sertoli 
cells with germ cells leading to their disorganization and 
separation. There are several reports on the benefit of 
antioxidants in protecting male reproductive system 
from deleterious effects of reactive oxygen species and 
other free radicals generated during CP exposure. It was 
found that ascorbic acid reduces cyclophosphamide-
induced reproductive toxicity (9) as well as alpha-
tocopherol-succinate (37). There is also evidence that 
Yukmijihwang-tang as a multi-herbal medicinal formula 
can improve reproductive toxicity of CP through 
reduction of oxidative stress (38). Two studies from the 
same researchers indicated that supplementation with 
lipoic acid as an antioxidant reduces CP-induced 
reproductive toxicity by the same mechanism (39,40). In 
the present study, it has been shown that Crataegus 
monogyna fruits aqueous extract coadministration was 
effective in protection or attenuation of testicular 
damage following CP exposure. Increasing evidence 
support the fact that Crataegus is beneficial where free 
radicals are known to play a predominant role in 
toxicity. Previous studies have shown hawthorn extract 
reduced the stress conditions and genotoxicity induced 
by cyclophosphamide in mouse bone marrow cells due 
to its strong antioxidant activity (41). Furthermore, it has 
been revealed that hawthorn extract reduces infarct 
volume and improves neurological score by reducing 
oxidative stress in rat brain (42). In conclusion, the 
finding of our study indicate that cyclophosphamide can 
adversely damage the testicular tissue through imposing 

oxidative stress, while Crataegus monogyna fruits 
aqueous extract co-administration could effectively 
prevent these adverse effects by effective inhibiting of 
oxidative processes and efficient scavenging of free 
radicals. 
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