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Objectives: Oral mucositis is a common side effect of cancer chemotherapy. 
Traditionally, black mulberry or Morus nigra L. (M. nigra) fruit is used for treatment of 
oral inflammatory conditions. The aim of the present study was to evaluate the efficacy 
of black mulberry mouthwash for prevention of oral mucositis caused by 5-fluorouracil. 

Materials and Methods: This double-blind clinical trial was performed on 62 patients 
with colon adenocarcinoma undergoing chemotherapy with 5-fluorouracil. The patients 
were randomly divided into two groups (n=31) to receive 10mL of 1% black mulberry 
juice (BMJ) or the placebo mouthwash, 3 times a day for 2 weeks. The patients were 
followed up for 7 and 14 days after the treatment onset to record the degree of mucositis 
according to the World Health Organization (WHO) criteria. Spectrophotometric assays 
were conducted for quantitative analysis of the bioactive compounds in the composition 
of BMJ. Data were analyzed with the Chi-square and Fisher’s exact tests (alpha=0.05).  
Results: The severity of oral mucositis was slightly, but not significantly, lower in the 
follow-up sessions in the BMJ mouthwash group (P>0.05). The total anthocyanin content 
of the BMJ was calculated to be 506.5±3.51 and 476.2±7.99mg cyanidin 3-glucoside 
equivalent per 100g of dried juice, before and after the sterilization process, respectively.  
Conclusion: The present results showed that the BMJ mouthwash can be effective 
as an adjunct treatment to reduce the incidence and severity of mucositis in 
patients undergoing chemotherapy. Anthocyanins appear to be mainly involved in 
the observed effect.  
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INTRODUCTION 
Oral mucositis commonly occurs in patients 
undergoing chemotherapy, especially those 
receiving a 5- fluorouracil–based treatment 
although patient-related factors such as poor 
oral hygiene, microbial infections, and 
impaired salivary function are also involved 
in this process [1]. Oral complications of 
chemotherapy especially mucositis 
(inflammation and ulceration of the oral 
mucosa) usually appear 7 to 10 days after the 
initiation of therapy [2]. The most 
common side effects of mucositis include 
severe pain, local and systemic infection, 
oropharyngeal disorders, and mouth 
bleeding that adversely affect the patient's 
quality of life. These manifestations may 
increase the hospitalization period and 
treatment costs [3]. The current clinical 
management of oral mucositis focuses 
primarily on palliative care strategies, which 
include pain management, nutritional 
support, and control of infection and bleeding 
[3]. A number of local and systemic agents 
have been investigated to prevent or 
decrease chemotherapy-induced oral 
mucositis such as cryotherapy, laser therapy, 
chlorhexidine, amifostine, hematological 
growth factors, pentoxifylline, glutamine, and 
sucralfate [1]. However, there is no generally 
accepted treatment for oral mucositis [4]. 
Considering the importance of this 
complication, it is necessary to find new 
remedies for its management. In recent years, 
medicinal plants have been considered for 
prevention and treatment of mucositis [5].  
Morus nigra L. (M. nigra) from the Moraceae 
family, known as the black mulberry, is a 
flowering plant distributed throughout the 
Mediterranean countries, Asia, Europe, South 
America, and Africa [6]. This plant originates 
in Iran [7]. The fruit is used not only for its 
nutritional value and special taste, but also 
for various therapeutic purposes in folk and 
traditional medicine. The fruits are consumed 
fresh or as processed products such as juice, 
marmalade, and beverages [8]. The Morus 
species are traditionally used for 
enhancement of wound healing and 
resolution of inflammatory conditions [9,10]. 

According to the Turkish traditional 
medicine, M. nigra is effective for healing of 
oral ulcers and the fruit molasses are used for 
treatment of oral mucositis [11]. In the 
Chinese medicine, the mulberry fruit is used 
for prevention of inflammatory diseases such 
as arthritis [12] and cardiovascular disorders 
[13]. The traditional use of M. nigra by 
Iranians for resolution of pain and oral 
mucosal inflammation has also been well 
documented [14]. Previous studies 
demonstrated the optimal anti-oxidative 
[15], anti-inflammatory [7], antimicrobial 
[16] and wound healing [17] properties of M. 
nigra. Various bioactive compounds mainly 
anthocyanins and flavonoids have been 
isolated from the fruits of this plant [9]. 
Due to the possible efficacy of M. nigra for 
enhancement of wound healing and resolution 
of oral inflammatory conditions in traditional 
medicine, this study aimed to investigate the 
efficacy of black mulberry juice (BMJ) for 
prevention of oral mucositis in patients with 
colon adenocarcinoma undergoing 
chemotherapy with 5-fluorouracil. 
 
MATERIALS AND METHODS 

Plant material:  
Black mulberry fruits were collected from Kan 
district, Tehran, Iran. A voucher specimen (E1-
14-221) was deposited at the herbarium of the 
Faculty of Pharmacy, Mazandaran University 
of Medical Sciences, Sari, Iran. The fruits juice 
was prepared by filtering the crushed fruits, 
and dried by a freeze-dryer (Zirbus, Germany). 
The BMJ was standardized based on total 
anthocyanin content, as the major active 
compound according to a previous study [15]. 
An ultrasonic probe sonicator was used for 
sterilization of the fruit juice. Ultrasound-
based sterilization is one of the suitable 
techniques for processing of fruit and 
vegetable juices, with minimal effect on key 
compounds of the sample compared to 
thermal techniques [18,19]. 
Quantitative analysis: 
Determination of the total anthocyanin 
content:  
The total anthocyanin content was assessed 
using the pH differential spectroscopic method 
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[20] and expressed as milligrams of cyanidin 3-
O-glucoside equivalent per 100g of the sample. 
Total phenolic and flavonoid contents: 
The total phenolic content of the BMJ was 
measured using  the Folin-Ciocalteu method, 
while the total flavonoid content was 
determined by the aluminum chloride assay 
[21,22]. Calibration curves were drawn using 
a range of gallic acid and quercetin 
concentrations (6.25-200μg/mL). 
Mouthwash preparation: 
The mouthwash was prepared by dissolving 
the dried BMJ (1% w/v) in a suitable solvent 
system containing 6% (v/v) glycerin, 8% (v/v) 
ethanol, and 84.7% (v/v) water, which was 
preserved with 0.2% (w/v) methyl paraben 
and 0.1% (w/v) sodium benzoate. The 
physical stability of the prepared products at 
three temperatures (4°C, 25°C, and 40°C) 
during a two-week period was investigated. 
The mouthwashes were evaluated for possible 
microbial contamination based on the United 
States Pharmacopeia [23].  
Trial design: 
This randomized double-blind clinical trial was 
conducted on cancer patients with stage 3 or 4 
colon adenocarcinoma undergoing 
chemotherapy with 5-fluorouracil regimen every 
3 weeks, 2 days in a row in each cycle, referring to 
Imam-Khomeini Hospital and Tooba Dental Clinic 
in Sari, Iran. The procedures conducted on human 
participants in this study adhered to the 
guidelines of the Declaration of Helsinki and were 
approved by the Ethics Committee of 
Mazandaran University of Medical Sciences, Sari, 
Iran (approval code IR. MAZUMS.REC.96.2979). 
The trial protocol was registered in the Iranian 
Registry of Clinical Trials (registration ID: 
IRCT2017070234857N1). All patients signed 
informed consent forms prior to their enrollment. 
Eligibility criteria: 
The inclusion criteria were complete 
consciousness, oral mucosal health, no 
autoimmune disease, no intake of narcotics or 
alcohol, no cigarette smoking, and no use of 
other mouthwashes during the study. The 
exclusion criterion was no or poor adherence 
to the correct use of mouthwash. Before the 
study onset, the patients were briefed about 
the correct use of mouthwash.  

Sample size: 
The sample size was calculated according to 
the results of a previous study by Ashktorab et 
al [24]. In the aforementioned study, the 
incidence of mucositis in the intervention and 
placebo groups was 15% and 50%, 
respectively. Considering these values, a 
confidence interval of 95%, a power of 80%, 
the two-tailed hypothesis test, using the 
comparison formula between two ratios, and 
using G-Power software, the sample size was 
determined to be 54 patients (27 patients in 
the intervention group and 27 patients in the 
placebo group), which was increased to 66 
patients after accounting for 20% attrition. 
Randomization and blinding: 
The patients were randomly divided into two 
groups (n=31): The intervention group 
receiving 1% BMJ mouthwash and the placebo 
group receiving saline. Randomization was 
performed using a table of random numbers. 
The mouthwashes were coded A (BMJ) and B 
(saline), and the clinician and patients were 
not aware of their contents. 
Interventions and outcomes: 
All the patients were instructed to gargle 10 
mL of the mouthwash 3 times a day (after 
breakfast, after lunch, and before sleep after 
tooth brushing), starting from the first day of 
chemotherapy until 14 days after 
chemotherapy. The patients were instructed 
not to use any other mouthwash during the 
treatment. The oral mucosal status of the 
patients in the first day of chemotherapy, and 
at the end of the first and second weeks after 
the onset of chemotherapy was evaluated by a 
clinician through observation and interview, 
and recorded in a questionnaire [24]. Clinical 
examination for evaluation of oral mucositis 
was performed based on the index provided 
by the World Health Organization (WHO). 
Accordingly, the results were reported in five 
categories (0 = no mucositis, 1 = erythema, no 
wound, no blush, no pain, no sensitivity, 2 = 
erythema, blush, wound, somehow able to eat 
solid food, 3 = ulcer but fluid diet required, 4 = 
no possibility of feeding). 
Statistical analysis:  
Data analyses were performed using SPSS 
version 25 (SPSS Inc., IL, USA). All data were 

https://www.bing.com/aclick?ld=e3o_E1sUTIDeJa8FsIHXinRDVUCUxmIHok23EDL_D9DPYE6Cnl96HExKjD1kuJeUlQyhLp6irOwOMH5g3KasMZg3M65Nlru_Nh6UIoXQT15N4dVKS_WSm3GU0_IAzir2RVd3m-sq-eb4Ipe1amzXPUOpPlBfgujjN2aprxuaSZF7_VWN7d&u=aHR0cHMlM2ElMmYlMmZ3d3cuc2lnbWFhbGRyaWNoLmNvbSUyZmNhdGFsb2clMmZzZWFyY2glM2ZpbnRlcmZhY2UlM2RBbGwlMjZ0ZXJtJTNkYmVuemFsa29uaXVtJTI1MjBjaGxvcmlkZSUyNnV0bV9zb3VyY2UlM2RiaW5nJTI2dXRtX21lZGl1bSUzZGNwYyUyNnV0bV9jYW1wYWlnbiUzZFRvcCUyNTIwSW50ZXJuYWwlMjUyMFNlYXJjaGVzJTI1MjAoUmVzdHJpY3RlZCUyNTIwQXVkaWVuY2UpJTI1MjAoZWJpenBmcyklMjUyMEJpbmclMjZ1dG1fdGVybSUzZGJlbnphbGtvbml1bSUyNTIwY2hsb3JpZGUlMjZ1dG1fY29udGVudCUzZGJlbnphbGtvbml1bSUyNTIwY2hsb3JpZGU&adlt=strict
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expressed as percentage (%) and median 
(Q1-Q3). The Chi-square and Fisher’s exact 
tests were used to compare the groups 
regarding gender, smoking status, 
educational level, frequency of oral mucositis 
based on grade, and incidence of oral 
mucositis. The median age was compared 
between the groups by the Mann-Whitney 
test. The significance level was set at P<0.05. 
 
RESULTS 
Participant flow: 
During the study, four patients declined to 
continue. Therefore, 62 patients were 
included in this study and were divided into 

the intervention and placebo groups. Figure 
1 shows the CONSORT flow-diagram of 
patient selection and allocation.  
Statistical analysis was performed on 62 
patients, 31 in the intervention group and 31 
in the placebo group. In the intervention 
group, there were 16 (51.6%) females and 15 
(48.4%) males, and in the placebo group, there 
were 17 (54.8%) females and 14 (45.2%) 
males. Overall, 53.2% of the patients were 
females and 46.8% were males. The two 
groups had no significant differences in terms 
of age, smoking, or educational level. 
Demographic characteristics of the patients 
are presented in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. CONSORT flow-diagram of the study 

Assessed for eligibility (n=66) 
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   Declined to participate (n=4) 
   Other reasons (n=0) 
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Allocated to intervention (Placebo)(n=31) Allocated to intervention (BMJ) (n=31) 

Follow-Up 

Lost to Follow-up (n=0) 
Discontinued intervention (n=0) 

Lost to Follow-up (n=0) 
Discontinued intervention (n=0) 

Analysis 

Analyzed (n=31) 
•Excluded from analysis (n=0) 

Analyzed (n=31) 
•Excluded from analysis (n=0) 
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Table 1. Demographic information of cancer patients 
in the black mulberry juice (BMJ) and placebo groups  

Variable BMJ Placebo P valueb 

Sex   0.799 

Male 15(48.4) 14(45.2) 
 

Female 16(51.6) 17(54.8) 

Age (yrs.)a 53(42-61) 56(44-63) 0.473 

Smoking    0.641 

Yes 3(9.7) 2(6.5) 
 

No 28(90.3) 29(93.5) 

Education level   1.000 

Illiterate  9(29.0) 9(29.0) 
 

Literate  22(71.0) 22(71.0) 
aThe age data is expressed as median (Q1-Q3) and the 
others are presented as n (%). b The P value for age data 
is based on Mann-Whitney test and the other P values are 
based on Chi-square test.  

 
Harms:  
No side effects were reported after using the 
mouthwash. 
Evaluation of oral mucositis:  
Based on initial examination (before the 
treatment onset), the severity of oral 
mucositis was zero. 
Assessment of oral mucositis based on the 
WHO criteria was performed at the end of 
each week from the onset of treatment in 
both groups. During the 2 weeks of 
treatment with the BMJ mouthwash, the 
grade of oral mucositis was lower in the 
BMJ group, but it was not statistically 
significant compared to the placebo group 
(P>0.05). Based on Table 2, the decrease in 
the severity of mucositis was evident in 
both groups during the study period.  

 
Table 2. Comparison of the oral mucositis grade in 
black mulberry juice (BMJ) and placebo groups 
during the first and second follow-upsa 

Grade 
Day 7 Day 14 

BMJ Placebo BMJ Placebo 

0 13(41.9) 9(29.0) 20(64.5) 13(41.9) 

1 10(32.3) 8(25.8) 9(29.0) 9(29.0) 

2 7(22.6) 11(35.5) 2(6.45) 8(25.8) 

3 1(3.2) 3(9.7) 0 1(3.2) 

P 
value b 

0.497 0.085 

a All data is presented as n (%). b P value-Fisher’s exact test 

No significant difference was found in the 
incidence of oral mucositis between the BMJ 
and placebo groups in the first or second 
follow-ups (P>0.05, Table 3).  

 

Table 3. Comparison of the incidence of mucositis 
in black mulberry juice (BMJ) and placebo groups 
during the first and second follow-ups a 

Day BMJ Placebo P valueb 

7 18 (58.1) 22 (71) 0.288 

14 11 (35.45) 18 (58) 0.075 
a All data is presented as n (%) which referred to the 
patients with no evidence of oral mucositis. b Chi-
square test 

 
Quantitative analysis: 
The total content of anthocyanin in the BMJ was 
measured before and after the sterilization 
process which changed from 506.5±3.51mg to 
476.2±7.99mg cyanidin 3-glucoside 
equivalent/100g dried juice.  
The total phenol content was calculated to be 
19.24 ± 0.16mg gallic acid (y= 0.009x + 0.0888, 
R2= 0.9997) equivalent per 1 g of dried juice. 
The total flavonoid content was calculated to be 
3.45 ± 0.72 mg quercetin (y= 0.0049x + 0.054, 
R2= 0.9989) equivalent per 1g of dried juice.  

 
DISCUSSION 

In recent years, natural resources 
especially medicinal plants with anti-
inflammatory and wound healing 
properties have been considered for 
prevention or reducing the symptoms of 
radiation-induced oral mucositis, and 
previous studies have shown the beneficial 
effects of these resources on amelioration 
of radiation-induced oral mucositis [25,5]. 
Black mulberry is native to Iran, and is one of 
the valuable plant species that grows in the 
Mediterranean countries [26]. Black mulberry 
fruit is known for its pleasant taste, and 
nutritional and medicinal values [8]. The 
present study showed that the BMJ 
mouthwash may be effective as an adjuvant 
treatment to reduce the incidence and 
severity of oral mucositis in patients with 
colon adenocarcinoma under chemotherapy 
with 5-fluorouracil, although according to 
the statistical analysis performed in this 
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study, its effectiveness was not significant 
compared to saline.  
Recently, several studies evaluated the 
therapeutic effect of M. nigra on mucositis in 
patients undergoing chemotherapy [27,28]. 
The optimal effectiveness of black mulberry 
syrup for prevention of oral mucositis in 
cancer patients undergoing stem cell 
transplantation was reported by Harman et al 
[27]. Based on the WHO scoring system for 
assessment of oral mucositis, they reported 
that the severity of mucositis significantly 
decreased at 14 and 21 days after 
chemotherapy in patients who gargled the 
syrup, but there was no significant difference 
in the severity of oral mucositis between the 
test and control groups during the first week 
after chemotherapy [27]. A similar 
observation was reported by Doğan et al, [28] 
who investigated the effectiveness of black 
mulberry molasses for prevention of oral 
mucositis in cancer patients 
undergoing radiotherapy. They reported that 
none of the patients experienced oral 
mucositis in the first week of treatment. 
Gargling the black mulberry molasses during 
radiotherapy resulted in a reduction in the 
incidence and severity of oral mucositis in the 
intervention group [28]. A recent study 
evaluated the therapeutic potential of M. nigra 
for gastrointestinal mucositis induced by 5-
fluorouracil in an animal model. Oral 
administration of the fruit extract to rats 
reduced the inflammation and mucosal 
degeneration of the intestines [29]. It has been 
shown that the protective effects of medicinal 
plants against radiation-induced oral 
mucositis are mainly related to their anti-
inflammatory, antioxidant, antimicrobial, and 
analgesic effects [5]. 
Akkol et al. [17] reported that the M. nigra 
fruits possess notable wound healing 
properties in incision and excision wound 
models; moreover, the fruit extract showed 
strong radical scavenging and ferric ion 
reducing antioxidant activity in 2,2-diphenyl-
1-picrylhydrazyl and ferric reducing 
antioxidant power assays [15]. The 
antinociceptive and anti-inflammatory 
activities of black mulberry fruits have been 

investigated as well. Chen et al. [7] reported 
that the inhibitory activities of the mulberry 
fruit on xylene-induced ear edema and 
carrageenan-induced paw edema in mice were 
mainly related to the scavenge or inhibition of 
the pro-inflammatory cytokines such as 
interleukin1β, tumor necrosis factor-α, and 
interferon-γ in the serum of mice [7]. 
The painful lesions of oral mucositis are 
often colonized by microbial agents in the 
third stage and compromise nutrition and oral 
hygiene and increase the risk of local and 
systemic infections [3]. Previously, the 
antibacterial activity of the fruit extract of M. 
nigra was evaluated against three 
inflammatory pain-causing bacteria namely 
Escherichia coli, Pseudomonas aeruginosa, 
and staphylococcus aureus, and the 
flavonoid-rich extract strongly inhibited all 
three strains [30]. 
It should be noted that gargling saline is the 
common basic oral care protocol which can 
relieve some of the symptoms of oral 
mucositis especially pain in patients 
undergoing chemotherapy [31,32]. In this 
regard, in the present study, the placebo group 
received saline, which resulted in some 
degrees of improvement. 
In the present study, spectrophotometric 
analysis was performed for measurement of 
the anthocyanin content of the BMJ. The total 
anthocyanin content of the juice after the 
sterilization process was measured to be 
476.2±7.99mg cyanidin 3-glucoside 
equivalent per 100 g dried juice. Similar to the 
present result, it has been reported that 
sonication has only minor effects on the 
anthocyanin content of blackberries [33]. 
According to Tomas et al, [34] the anthocyanin 
content of the black mulberry fruit was 
444±43mg cyanidin 3-glucoside equivalent per 
100g dried juice as determined by the pH 
differential method. In previous studies, the main 
anthocyanin of black mulberry was reported to 
be cyanidin-3-glucoside [34,35]. It has been 
suggested that this compound may be beneficial 
for prevention of inflammatory diseases. Pergola 
et al. [36] showed the inhibition of nitric oxide 
biosynthesis by cyanidin-3-O-glucoside as the 
main anthocyanin compound in blackberry. 
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Morais et al. [37] mentioned that phenolic 
compounds especially anthocyanins have 
potential anti-inflammatory effects exerted 
mainly through down-regulation of transcription 
factor NFκB signaling pathway. In agreement 
with these findings, it is highly probable that M. 
nigra fruit juice promotes the resolution of oral 
mucositis in cancer patients by prevention of 
inflammatory processes due to its phenolic 
compounds especially anthocyanins. 
 
CONCLUSION 

In the present study, the mouthwash 
containing BMJ decreased the incidence and 
severity of mucositis in patients undergoing 
chemotherapy with 5-fluorouracil, 
although it was not significant compared to 
the saline group. Presence of phenolic 
compounds especially anthocyanins in 
black mulberry fruit can be responsible for 
the observed effect due to their anti-
inflammatory and antioxidant potential. It 
seems that products derived from the black 
mulberry fruit may be helpful for 
prevention and treatment of oral mucositis. 
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