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ABSTRACT 
Cyclophosphamide (CP) is a widely used anti-neoplastic agent in humans and small animals and also has some 
adverse effects in them. The most common adverse effect of CP is hemorrhagic cystitis (HS). The use of Mesna 
may prevent HS, but is insufficient for some side effects. In this study, the effect of glycyrrhizin (GLY), which is 
one of the active substances of licorice root, was examined against CP-related side effects. The experiment was 
designed with 49 male Sprague Dawley rats. The Control group received only physiological saline and the CP 
group only CP. CP+Mesna group received CP and also three dose of Mesna. The animals in the CP+GLY100 
and CP+GLY200 groups were received three doses of GLY, 100 mg/kg and 200 mg/kg dose, respectively. The 
previous protocol was applied to the CP+Mesna+GLY100 and CP+Mesna+GLY200 groups and only the first 
GLY application was replaced with Mesna. In this study, it was recorded that bladder macroscopy and 
histopathology were better preserved in GLY applicated groups compared to CP group. However, it was 
observed that this protection was slightly weaker than the Mesna and GLY-Mesna combinations. From this point 
of view, it was observed that GLY could be preventive in CP-related HS, in addition it could also support to 
Mesna applications. 
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Ratlarda Siklofosfamid ile İndüklenen Hemorajik Sistitisde Glycyrrhizinin Koruyucu Etkilerinin 

Patolojik Olarak İncelenmesi  
 

ÖZ 
Siklofosfamid (CP) yaygın olarak kullanılan bir anti-neoplastik ajandır ve bazı yan etkilere sahiptir. Siklofosfamidin 
en belirgin yan etkisi hemorajik sistitistir (HS). Mesna kullanımı HS’yi önleyebilmekte ancak diğer bazı yan etkiler 
için yetersiz kalmaktadır. Bu çalışmada, CP ilişkili HS’ye karşı, meyan kökünün aktif içeriklerinden olan 
glycyrrhizinin (GLY) etkisi incelenmiştir. Çalışma, 49 adet, erkek Sprague Dawley rat ile dizayn edilmiştir. Kontrol 
grubuna sadece fizyolojik tuzlu su, CP grubuna ise sadece CP verilmiştir. CP+Mesna grubuna CP ve ayrıca 3 doz 
Mesna uygulanmıştır. CP+GLY100 ve CP+GLY200 gruplarına; CP ve sırasıyla 100 mg/kg ile 200 mg/kg olmak 
üzere üç doz GLY uygulanmıştır. Bir önceki protokol CP+Mesna+GLY100 ve CP+Mesna+GLY200 
gruplarınada uygulanmış olup sadece ilk GLY uygulaması Mesna ile değiştirilmiştir. Çalışmada GLY uygulanan 
gruplarda CP grubuna kıyasla mesane makroskobisi ve histopatolojisinin daha iyi bir şekilde korunmuş olduğu 
kaydedilmiştir. Ancak, bu korumanın Mesna ve GLY-Mesna kombinasyonlarına kıyasla biraz daha zayıf kaldığı 
izlenmiştir. Buradan yola çıkılarak GLY’in CP ilişkili HS’de önleyici olabileceği aynı zamanda Mesna 
uygulamalarına destek verebileceği kanaatine varılmıştır. 
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INTRODUCTION 

 
Hemorrhagic cystitis (HS) is a complication that is 
difficult to treat and occurs due to different etiologies 
(Del Pizzo et al. 1998, Manikandan et al. 2010). 
Considering the cases, it is observed that 
cyclophosphamide (CP) and ifosfamide, which are 
used for chemotherapeutic purpose, play a leading 
role in the cause of HS (Philips et al. 1961, deVries 
and Freiha 1990, West 1997). In the chronological 
process, various methods have been tried to prevent 
and/or cure CP-associated HS, but success has been 
limited and changed for each patient (Ballen et al. 
1999). In clinical medicine, Mesna (2-mercaptoethan 
sodium sulfonate) is mostly preferred to prevent CP-
associated HS (Soysal 2004). Mesna, which may be 
ineffective in relieving some clinical, macroscopic and 
microscopic symptoms (Gressier et al. 1995), also has 
side effects such as allergic reactions, dermatosis and 
hypersensitivity in the skin (Khaw et al. 2007, Dorris 
et al. 2011, Lin and Keefe 2012). 
 
In recent studies, a tendency towards plant and 
extracts has been clearly observed in order to prevent 
damage caused by CP-induced HS. In these 
applications, the active ingredient can be used alone 
or in combination with Mesna. Ankaferd Blood 
Stopper® is a product consisting of Thymus vulgaris, 
Glycyrrhiza glabra, Vitis vinifera, Alpinia officinarum, and 
Urtica dioica. This product, which is also used for 
blocking the bleeding, in other parts of the body, is 
also used against HS (Goker et al. 2008). Against the 
CP-induced urotoxicity, morning glory (Ipomoea 
obscura) (Hamsa and Kuttan 2011),; ternatin (Vieira et 
al. 2004), a flavonoid extracted from chamomile 
(Egletes viscosa Less.);, curcumin, an extraction product 
of turmeric (Curcuma longa) (Arafa 2009),; berberine 
(Xu and Malavé 2001) obtained from Berberis spp.,; 
active ingredients of Mandevilla (Mandevilla velutina) 
(Santos et al. 2010),; Pyllanthus niruri plant (Boeira et 
al. 2011),; resveratrol (Keles et al. 2014) extracted 
from grape seed,; ellagic acid (Kankaya 2017) found 
abundantly in blackberry, pomegranate and rosehip 
species, were found to be efficient in preventing HS 
in experimental studies in mice and rats. 
 
Glycyrrhiza glabra plant, also known as ‘’Meyan’’ in our 
country, is consumed in different ways (Asımgil 1997, 
Baytop 1999a, 1999b). One of the active agents of 
this plant is glycyrrhizine (GLY). Glycyrrhizin has 
been shown to have a therapeutic effect in neoplasias 
with various etiologies (Ito et al. 1988, Lin et al. 1999, 
Shiota et al. 1999, Sohn et al. 2003, Ram et al. 2006, 
Asl and Hosseinzadeh 2008, Kim et al. 2012, Park et 
al. 2013). Anti-coagulative (Assafim et al. 2006), anti-
inflammatory (Francischetti et al. 1997), anti-
edematous (Ohnishi et al. 2011), and anti-
hemorrhagic (Ieong et al. 2018) properties were 
reported in GLY applications. Glycyrrhizin 

suppresses nitric oxide (NO) production and 
inducible nitric oxide synthase (iNOS) expression 
(Wang et al. 2011, Uto et al. 2012). It has been 
suggested that NO is responsible for CP-related 
bladder damage (Oter et al. 2004) and NO increase 
was reported in non-CP cases, especially in the 
urothelial damage and hemorrhage occurred areas 
(Keles et al. 2018). 
 
There was no experimental or field study in which 
GLY was used against CP-related HS in the literature 
review. In this study and context, the protective 
effects of GLY against controlled HS were 
investigated pathologically. 
 

MATERIALS and METHODS 
 
Cyclophosphamide (CP) (Endoxan®, 150 mg/kg 
Eczacibasi Istanbul, Turkey), Mesna (Uromitexan®, 
400 mg, Eczacıbaşı Baxter, Turkey), and Glycyrrhizin 
(GLY) (Sigma, Cas 53956-04-0) were purchased 
commercially. This study was carried out at Afyon 
Kocatepe University Experimental Animal Research 
and Application Center with permission of 
AKUHADYEK-477-15. The animals were given ad 
libitum standard rodent feed and tap water during the 
experiment. They were housed in polycarbonate 
cages, maintained on 12-hours light/12-hours dark 
cycle at room temperature (22±0.50C) and in 
appropriate humid environment. The experiment was 
started at the end of the 7 day adjustment period. 
 
In the study, 49 male Sprague Dawley rats (220-250 g) 
were divided into seven groups of seven rats each. 
Hemorrhagic cystitis model was created according to 
our previous study (Keles et al. 2014). The animals in 
the Control group were given only 2-ml saline and the 
animals in the CP group were given 2 ml of CP (150 
mg/kg, i.p). CP+Mesna group was given CP (150 
mg/kg, i.p.) and a total of 90 mg/kg Mesna was 
administered in three equal doses in 2-ml saline by i.p. 
The first injection was given 20 min before the CP 
injection, and the second and third injections were 
administered 4 and 8 h after CP injection, 
respectively. CP+GLY100 and CP+GLY200 groups 
were given CP (150 mg/kg, i.p.) and a total of 300 
mg/kg and 600 mg/kg GLY were administered by 
gastric gavage (g.g.) in three equal doses in 2-ml 
saline, respectively. The first gavage was given 20 min 
before the CP injection, and the second and third 
gavages were administered 4 and 8 h after CP 
injection. Same applications were made for 
CP+Mesna+GLY100 and CP+Mesna+GLY200 groups 
but only the first GLY application was replaced with 
Mesna (30 mg/kg i.p). After 48 h of HS induction, 
rats were killed by using injection of ketamine HCL 
(80 mg/kg, i.p.) and xylazine HCL (10 mg/kg, i.p.) 
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Following an abdominal incision, the bladders were 
removed, emptied and fixed in 10 % buffered 
formalin. Processed tissues were blocked with 
parafin, and then sectioned into 5-μm sections and 
stained with hematoxylin and eosin (HE). These 
slides were examined under a light microscope 
(Nikon Eclipse Ci attached Kameram® Digital Image 
Analyze System) and graded as mild (+), moderate 
(++), and severe (+++) for hemorrhage, 
desquamation, degeneration, inflammation, edema, 
and congestion. 
 
Statistical analysis 
At the end of the experiment, data with normal 
distribution was analyzed using one-way analysis of 
variance (ANOVA) and least significance difference 
(LSD) test were used to determine the statistical 
significance of the data. For statistical significance, 
p<0.05 was accepted. 
 

RESULTS 
 
Clinical and Macroscopical Results 
After drug applications, the animals were taken to the 
corners of the cage for a period of time. Compared to 
the Control group, an increase of water consumption 
and a limited decrease of feed consumption were 
recorded in the experimental groups. Furthermore, 
intense hematuria with hand manipulations especially 
in animals of CP group was observed. 
 
No macroscopic findings were observed in the 
bladders of the animals in the Control group (Figure 
1A). The animal in the CP group had thickened wall 
of bladder, hemorrhages on both mucosa and serosa 
(Figure 2A) and often had a coagulated blood mass in 
the lumen. The bladders of the animals in the 
CP+Mesna group were macroscopically similar to 
those in the Control group (Figure 3A). The bladders 
of animals in the CP+GLY100 group had a serosal, 
mucosal and luminal hemorrhages on the thicker 
bladder wall compared to the Control group, but the 
lesions were milder than the CP group (Figure 4A). 
The bladder findings of the animals in the CP+GLY 
200 group were similar to the bladder findings of the 
animals in the CP+GLY 100 group, but were less 
severe (Figure 5A). The bladder findings of 
CP+Mesna+GLY100 group were much lighter than 
CP group. Lesions were less severe than 
CP+GLY100 and CP+GLY200 groups (Figure 6A). 
The bladder findings of the animals in the 
CP+Mesna+GLY200 Group were considerably mild 
compared to the CP group. The observed lesions 
were also lighter than the lesions detected in the 
CP+GLY100, CP+GLY200 and 
CP+Mesna+GLY100 groups. The bladders in this 
group were similar to the Control group and the 
CP+Mesna group (Figure 7A). 
 
 

Histopathological Results 
Microscopical examinations revealed degenerative 
and desquamative findings, as well as acute 
inflammatory changes in the bladder tissues with 
varying intensity of congestion, edema and 
hemorrhages. 
 
The levels of congestion in the CP, CP+GLY100 and 
CP+GLY200 groups were significantly higher than 
the Control group and other groups. In the 
CP+Mesna+GLY100 and CP+Mesna+GLY200 
groups, the congestion was quite lesser compared to 
the CP+Mesna group and even at the Control group 
level. 
 
There were no signs of edema in the Control group 
and CP+Mesna+GLY100 groups. Significantly lower 
edema in the CP+GLY200 group was similar to the 
CP+Mesna group. The most severe edema level was 
observed in the CP group. Compared to the CP 
group, the low edema in the CP+GLY200 group was 
relatively higher in the CP+GLY100 group. 
 
No signs of hemorrhage were observed in the 
Control, CP+Mesna, CP+Mesna+GLY100 and 
CP+Mesna+GLY200 groups. The most severe 
hemorrhages occurred in the CP group. Mild 
hemorrhages were also observed in the CP+GLY100 
and CP+GLY200 groups, but the difference between 
the groups was statistically insignificant. 
 
While no signs of inflammation were observed in the 
Control, CP+Mesna+GLY100 and 
CP+Mesna+GLY200 groups, it was determined that 
the level of inflammation in CP+Mesna group was 
not statistically significant compared to the first three 
groups. However, it was noted that the level of 
inflammation in CP+GLY200, CP, and CP+GLY100 
groups was statistically significant compared to other 
groups. 
 
No degeneration signs were observed in the Control 
group and the most severe degenerative findings were 
observed in the CP group. It was observed that 
degeneration observed in CP+GLY100 and 
CP+GLY200 groups was statistically significant 
compared to CP+Mesna group. The lowest level of 
degeneration was observed in CP+Mesna+GLY200 
group and the degeneration level in this group 
decreased significantly compared to CP+Mesna 
group. 
 
There was no statistically significant change in the 
level of desquamation between Control, 
CP+Mesna+GLY100, and CP+Mesna+GLY200 
groups, whereas the increase in desquamation in CP, 
CP+Mesna, CP+GLY100, and CP+GLY200 groups 
was statistically significant compared to these three 
groups (Table 1 and Figures 1B-7B). 
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Table 1. Histopathological parameters in study groups 
 

Groups Hemorrhage Desquamation Degeneration Inflammation Edema Congestion 

Control 0±0 0,28±0,487 0±0 0±0 0±0 1,0±1,0 

CP 4,0±0,816 2,42±1,40 3,57±1,133 3,28±0,951 4,57±0,787 3,85±1,215 

CP+M 0±0 1,71±0,951 1,71±1,253 0,14±0,377 0,71±1,496 2,14±0,899 

CP+GLY100 3,5±1,397 1,71±0,487 2,0±0 3,14±1,676 4,0±0,577 3,71±0,487 

CP+GLY200 3,28±0,756 2,42±1,397 2,71±0,755 3,43±0,534 3,57±0,534 3,0±0,577 

CP+M+GLY100 0±0 0±0 1,0±0 0±0 0±0 1,28±0,487 

CP+M+GLY200 0±0 0,14±1,299 0,43±0,534 0±0 0,14±0,378 1,28±0,487 

All values are given as mean ± standard deviation. p<0.05 
 
 

 
Figure 1A-3A. Bladder macroscopy (left column) of CP, Control, and CP+Mesna groups. 1A-Control Group: 
normal macroscopic appearance. 2A-CP Group: thickened wall and serosal hemorrhages. Coagulated blood 
and mucosal hemorrhages were observed in the lumen. 3A-CP+Mesna Group: any macroscopic lesion.  
Figure 1B-3B. Bladder histology (right column) of CP, Control, and CP+Mesna groups. Scale bar is 200 µm 
in the hematoxylin-eosin stained figures. Arrows pointing events; b:bladder, u:urothelium, i:inflammation, 
e:edema, h:hemorrhage 1B-Control Group: normal histological view of bladder. 2B-CP Group: severe 
congestion, hemorrhages, edema, inflammation, degeneration, and desquamation. 3B-CP+Mesna Group: 
histological view of normal bladder. 



93 

 

Figure 4A-7A. Bladder macroscopy (left column) of CP+GLY100, CP+GLY200, CP+Mesna+GLY100, and 
CP+Mesna+GLY200 groups. 4A-CP+GLY100 Group: thickened wall, serosal and mucosal hemorrhages. 5A-
CP+GLY200 Group: lighter lesions, similar to CP+GLY100 group. 6A-CP+Mesna+GLY100 Group: 
significantly lighter hemorrhagic and edematous lesions. 7A-CP+Mesna+GLY200 Group: the best 
macroscopic appearance, similar to Control and CP+Mesna groups. 
Figure 4B-7B. Bladder histology (right column) of CP+GLY100, CP+GLY200, CP+Mesna+GLY100 and 
CP+Mesna+GLY200 groups. Scale bar is 200 µm in the hematoxylin-eosin stained figures. Arrows pointing 
events; b:bladder, u:urothelium, i:inflammation, e:edema, h:hemorrhage 4B-CP+GLY100 Group: 
Congestion, hemorrhage, edema, inflammation, degeneration, and desquamation, which are less severe than 
CP group. 5B-CP+GLY200 Group: A slightly lighter lesion than the CP+GLY100 group. 6B-
CP+Mesna+GLY100 Group: Very mild vascular findings, epithelium is preserved. 7B-CP+Mesna+GLY200 
Group: any microscopical lesion. 
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DISCUSSION 
 
The use of G. glabra root for medical purposes dates 
back to Christ (Akan and Balos 2008, Çınar 2012). 
This plant, which is widely used in our ancient 
medical tradition, is still used today (Uygun 2015). It 
has been reported that GLY, one of the active agents 
of this plant, inhibits coagulation and platelet 
aggregation in humans, and when combined with 
Bothrops jararaca snake venom in rats, it decreases the 
formation of thrombosis and also substantially 
eliminates venom-induced hemorrhages (Assafim et 
al. 2006). Glycyrrhizin which also has anti-
inflammatory properties (Francischetti et al. 1997), 
inhibits the migration of leukocytes to the site of 
inflammation via selectins (Rao et al. 1994). In 
experimental cerebral hemorrhage models of rats, 
GLY which reduces inflammation following 
hemorrhage (Ieong et al. 2018) and brain edema 
(Ohnishi et al. 2011), prevents possible brain injury. 
 
In the light of the information given in the literatures; 
in this study, GLY, which is thought to reduce CP 
associated bladder lesions, was applied to animals at 
doses of 100 and 200 mg/kg. At the end of the study, 
serosal, mucosal, and luminal hemorrhagic surface 
along with the thickness of the bladder wall were 
decreased as compared to the CP group. In the 
microscopical examination, it was observed that the 
symptoms such as inflammation, congestion, edema, 
and hemorrhage, which were severely formed in the 
CP group, were alleviated in animals treated with 100 
mg/kg GLY, and these lesions were very mild in 200 
mg/kg GLY treated animals. 
 
In some experimental studies (Vieira et al. 2004, 
Kankaya 2017), the active ingredients were 
administered alone and/or combined with a single 
Mesna application for protection from precursor 
acrolein damage and successful results were reported 
from these studies. In accordance with these studies, 
we also examined 100 and 200 mg/kg GLY alone and 
in combination with Mesna to observe the success of 
the active substance in four groups of animals. The 
success of the GLY-Mesna combinations was higher 
than the groups treated with GLY alone, and there 
was a positive correlation with the increase in the 
dose of GLY. 
 
Kankaya (2017), who analyzed ellagic acid in CP-
associated HS model in rats, reported that this active 
substance yielded successful results both 
macroscopically and microscopically, and correlated 
this success with active substance-related antioxidant 
capacity. Ankaferd and epinephrine applications 
against CP have been reported to prevent congestion 
and edema in both agents (Kilic et al. 2016). It has 
been reported that Berberin completely blocked the 
bladder edema and hemorrhages at increasing doses 
of the CP-associated HS model (Xu and Malavé 

2001). Mandevilla velutina has been shown to inhibit 
CP-associated HS (Santos et al. 2010). It was reported 
that CP-associated edema, hemorrhage, and 
congestion decreased in the bladder in different doses 
of resveratrol (Keles et al. 2014). In this study, 
hemorrhage were found to be at the Control group 
levels in GLY-Mesna combined groups. The high 
level of edema in low-dose GLY alone was similar to 
Control group and GLY-Mesna combined groups. 
Similar to other vascular findings, such as 
hemorrhage and edema, GLY-Mesna combinations 
were also beneficial in preventing congestion. 
 
A positive condition has been reported in CP-
associated bladder inflammation due to the action of 
ellagic acid (Kankaya 2017) The content of Mandevilla 
velutina has been shown to inhibit the inflammation of 
the bladder in experimental HS cases (Santos et al. 
2010). Ipomoea obscura has been shown to have an anti-
inflammatory effect in this context (Hamsa and 
Kuttan 2011). Anti-inflammatory properties of 
Phyllanthus niruri plant were investigated by Boeira et 
al. (2011). In this study, it was found that anti-
inflammatory effect was limited in both doses of 
GLY alone, but anti-inflammatory effect was 
significant in GLY-Mesna combinations. 
 
The combination of ellagic acid with Mesna was 
found to be favorable against CP-associated epithelial 
damage and degeneration (Kankaya 2017). 
Researchers who found Ankaferd and epinephrine 
effectivity in preventing necrosis and ulceration 
referred to Ankaferd for epithelial regeneration (Kilic 
et al. 2016). Curcuma longa content was reported to has 
been urothelial preservative in CP-induced HS (Arafa 
2009). In this study, when degenerative and 
desquamative changes are considered, it was seen that 
GLY had a successful or contingent effect and this 
effect was quite high in GLY-Mesna combined 
groups. 
 
In conclusion, CP-associated macroscopic and 
microscopic lesions in the bladder were observed to 
be quite mild in the groups treated with GLY alone, 
and GLY-Mesna combinations were found to have 
been even more advanced and also a positive 
correlation was observed for the increased dose. 
Mesna is administered by i.p. route in clinical 
applications. As known, the i.p. route means the 
maximum absorption rate and maximum quantity for 
many drugs and active substances after the 
intravenous (i.v.) route. Unfortunately, GLY is a 
substance that is not suitable for i.p. or i.v. 
administration and is required to administrate by g.g. 
in our study. In g.g. applications, bioavailability is very 
low compared to the previous administration routes 
and this g.g. route may limit the success achieved as a 
result of the study. We believe that more promising 
results can be achieved with the development of i.p. 
or i.v. forms of GLY.  
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