
ORIGINAL ARTICLE

Aqueous Extract of Emblica officinalis Linn (Indian gooseberry)
in Combination with Iodine is More Efficacious than Iodine Alone
in Mitigating Mucositis in Head and Neck Cancer Patients
Undergoing Curative Radiotherapy: Retrospective Observations

Sanath Kumar Hegde1 • Suresh Rao1 • Pratima Rao2 • Shamprasad Varija Raghu4 • Sharake Meera5 •

Manjeshwar Shrinath Baliga3

Received: 22 July 2021 / Accepted: 27 December 2021 / Published online: 11 January 2022

� Association of Otolaryngologists of India 2022

Abstract Mucositis is a very painful unavoidable and

common side effect in head and neck cancer patients

undergoing curative radiotherapy and can affect the plan-

ned treatment. In this study, attempt is made at under-

standing the efficacy of Emblica officinalis Linn (amla)

when combined with providone iodine in mitigating radi-

ation-induced mucositis, weight loss and tumor control.

This was a retrospective chart based study and was carried

out by extracting the data from the files of patients with

cancer of head and neck who used amla in combination

with iodine or iodine alone during the course of the cura-

tive radiotherapy ([ 60 Gy). The data was entered in to

Microsoft excel and subjected to statistical analysis using

SPSS 17 software. The results indicate that when compared

with iodine alone, the group where iodine and amla gar-

gling were used was very effective in delaying mucositis,

reduced incidence of intolerable mucositis (P = 0.027),

quantitative grade of weight loss (P = 0.016), incidence of

severe weight loss (P = 0.03) without affecting tumor

response. The results suggest that when compared with

iodine alone, amla when combined with iodine was more

effective in mitigating radiation mucositis and by not

interfering with the tumor cell kill. As far as the authors are

aware of this is the first study that shows the usefulness of

combining iodine with Amla in mitigating radiation-in-

duced mucositis.

Keywords Amla � Radiation � Head and neck cancer �
Mucositis � Treatment response � Cell kill

Introduction

Radiation-induced mucositis across the epithelial lining of

the digestive tract is a major non hematological side effect

in the Head and Neck cancer (HNC). The curative radiation

treatment, which usually goes on for 6 to 7 consecutive

weeks, causes inflammatory reactions in the oral and

pharyngeal mucosa, which at times can be very serious and

life-threatening [1]. Factors like the location of the cancer

growth, use of chemotherapy (chemo-irradiation), the

radiation dose, field of radiation, immunological and

comorbidities status of patients are some of the important

factors influencing the severity and the development of oral

mucositis [2]. The adverse symptoms of oral mucositis

include pain, infections, reduced food intake, and associ-

ated weight loss in the patients [1, 2]. In severe cases, oral

mucositis compels treatment breaks or discontinuation or

altering of the initially planned regimen, affecting the

outcome [1, 2].

In clinics, clinical management of oral mucositis is done

by judicious antibacterial, antifungal, and analgesic medi-

cations [1, 2]. In severe conditions, patients develop

infection and will require admission into the intensive care

unit to reduce the chances of systemic infection, sep-

ticemia, and complications due to metabolic crises. All
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these conditions together can precipitate and lead to the

death of the individual [1, 2]. Clinically, the currently

available treatment options for oral mucositis are limited to

certain drugs like Mucotrol and MuGard [1, 2]. Addition-

ally, colloidal silver solutions, topical antiseptics, antimi-

crobial agents, salt and soda rinses or hydrogen peroxide

rinses and parenteral administration of amifostine are used

for treating oral mucositis [1, 2]. Biological agents such as

recombinant human KGF-1 (palifermin) have shown some

beneficial effects against oral mucositis; however, its high

cost prevents its widespread usage [3]. So it is a need of the

hour to identify novel agents that are beneficial, with wide

acceptability, affordable and ease of application.

Humans use plants and their bioactive products as

therapeutic agents to improve health and mitigate different

ailments [4]. Studies in the recent past have shown that

Aloe vera [5, 6], Zataria multiflora [7], black mulberry

molasses [8], Silymarin [9], Plantago major [10], Gly-

cyrrhiza glabra [11], Turmeric [12], date palm pollen [13],

Isatis indigotica [14], Calendula officinalis [15], cystus�
tea [16], lapacho-based medication [17] are effective

against radiation-induced mucositis. Additionally, Hange-

shashinto (TJ-14) a Japanese traditional herbal medicine

containing Pinellia Tuber, Scutellariae Radix, Gly-

cyrrhizae Radix, Zizyphi Fructus, Ginseng Radix, Zin-

giberis Processum Rhizoma, and Coptidis Rhizoma [18]; a

polyherbal formulation containing propolis, Aloe vera,

calendula, and chamomile [19] and a gargle containing 2

drops of a 1:1 mix of the essential oils of Leptospermum

scoparium and Kunzea ericoides in water [20] are also

reported to mitigate radiation-induced mucositis in HNC

patients. These plant products are non or less toxic, rela-

tively cheap, and widely accepted than synthetic drugs [4].

The radio-protective roles of plant products are investi-

gated widely for the last 3 decades [21]. Some studies

suggest free radical scavenging, antioxidant properties,

metal chelating properties, and immunostimulatory effects

of plant products are useful in protecting laboratory ani-

mals against radiation-induced sickness and mortality. In

addition, it reduces oxidative stress, enhances wound

healing, and improves immune functioning [21]. Cumula-

tively all these events decrease the cellular damage caused

by radiation at the sublethal doses and help the animals

recuperate [21].

The fruits of Emblica Officinalis Gaertn or Phyllanthus

Emblica Linn, commonly known as Indian gooseberry or

amla or amlaki are some of the popular dietary agents in

India [4]. The fruits are light greenish-yellow in color and

nearly spherical in shape. It looks hard on appearance with

six vertical stripes or furrows. The seeds in the fruit are

centrally placed and with six vertical stripes or furrows [4].

The seeds are centrally placed and 4–5 mm long.

Phytochemically, they contain a higher level of ascorbic

acid than in oranges or lemons [4].

Amla also contains gallic acid, ellagic acid, chebulinic

acid, chebulagic acid, emblicanin-A, emblicanin-B,

punigluconin, pedunculagin, ellagotannin, trigallayl glu-

cose, chebulagic acid, corilagin and isostrictiniin. Amla

also has a high level of flavonoids like quercetin, kaemp-

ferol 3 O alpha L (600 methyl) rhamnopyranoside and

kaempferol 3 O alpha L (600 ethyl) rhamnopyranoside [4].

In Indian subcontinents, amla fruits are used as important

dietary, culinary, and medicinal constituents. The fully ripe

fruits are used to prepare murabba, burfi, ladu, fresh juice,

pickle, chutneys, and curries in India. In addition, the juice

prepared from the ripe fruits is used as a coolant in the hot

summer season. Most importantly, amla is an essential

medicinal component in the traditional Indian Ayurvedic

system and various other folk systems of medicine [4].

Scientific investigations have shown that amla possesses

antibacterial, antifungal, and antiviral properties. Further-

more, the antioxidant properties of amla contribute to the

free-radical scavenging, anti-mutagenic and immunomod-

ulatory properties. Additionally, antipyretic and analgesic

effects of amla have been demonstrated in various pre-

clinical investigations. Amla also has anti-tussive, anti-

atherogenic, hypolipidemic, hepatoprotective, renoprotec-

tive, and neuroprotective properties [4]. In the current

study, the efficacy of amla in mitigating radiation-induced

mucositis and its interference with tumor growth are

analyzed.

Materials and Methods

Treatment Protocol

The study is based on the retrospective chart and was

conducted at—from March 2014 to June 2014. The insti-

tutional ethics committee approves the study (MIO/IEC/

2019/01/07). The hospital had the services of a senior

Ayurvedic physician with expertise in Rasayana Shastra

(rejuvenation) from 2013 to 2014. In association with

radiation oncologists, a supportive protocol was employed

without altering the standard treatment. The care was

taken to improve the quality of life in patients undergoing

curative radiation treatment and using amla gargle as an

adjunct treatment to the standard povidone-iodine. The

standard protocol for preventing radiation mucositis was to

use a povidone-iodine mouthwash twice a day [22]. The

Ayurvedic physician had made a slight change in the

routine protocol by incorporating two more gargles with

1% amla water (one after lunch and another in the evening

after tea, while retaining the povidone-iodine mouthwash).

An oncology nurse carefully monitored the
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patients medication, diet schedule and care during the

treatment in the hospital.

Radiation Therapy

All patients who participated in this study received external

irradiation from a linear accelerator (Varian, Model Unique

Performance, Palo Alto, CA, USA) at a maximum energy

level of 6 MV at a dose rate of 300 MU/min. All planned

fields were treated every day with no more than one frac-

tion of 2 Gy per day, five times a week, at the same period

of the day without any intended gaps. The final planned

target dose is 60 to 70 Gy (in seven consecutive weeks).

Whenever chemo-irradiation was planned, carboplatin

infusion (70 to 150 mg/m2/day intravenous) [23] or cis-

platin infusion (40 to 50 mg/m2/day IV) [24] was admin-

istered every week before exposure to the first weekly

radiation. The care of patients during and after radiother-

apy was in accordance with the hospital guidelines. All the

patients received standard oral, dental, medical, and sup-

portive care from a qualified dental, general physician,

psychologist, and nutritionist. The diet plan for the patient

was followed as per the individual requirement and con-

sidering the local dietary habits. The breakfast consisted of

soft food like idli, dosa, upma, millet/rice stew, and soft

bread. Additionally, they were also provided with either

vegetable-lentil or chicken soup once a day. The lunch and

dinner consisted of rice stew seasoned with cooked veg-

etables and lentils. Boiled eggs were also provided during

breakfast to add up as an additional protein source.

Preparation of Amla

The Ayurveda unit of the hospital recommended the use of

1% amla. Briefly, 1% amla mouthwash was prepared by

dissolving 1 g of dried amla powder in 100 ml of hot water

with vigorous stirring. The solution was further cooled to

room temperature and filtered through a sterile cloth mesh

to remove the particulate matter. The filtration procedure

was repeated twice to obtain a filtrate devoid of any par-

ticulate matter and used for gargling.

Oral Care in Patients

Patients used soft-bristled oral brushes and were taught to

swish their mouth with 10 ml of the 1% povidone-iodine

mouthwash once in the morning and once at night. The

patients who volunteered to use 1% amla water were

instructed to gargle once after lunch and once in the eve-

ning. Each time holding the solution in the mouth for 60 s

and then to expectorate it. Oral intake of food and drink

was prohibited for 30 min after iodine or amla rinse.

Patients were treated with lidocaine gel and NSAIDs and/

or opioids whenever they experienced severe pain due to

mucositis.

Grading of Mucositis

The severity of mucositis was assessed in all the patients by

a senior orodental pathologist. The observation was done in

the upper and lower lips, right and left checks, right and left

ventral and lateral tongue, the floor of the mouth, soft

palate/ fauces, hard palate, and oropharyngeal areas. It was

done carefully before the start of the radiation treatment

during the first dental checkup and at weekly intervals

during radiation therapy according to the RTOG guidelines

as described earlier [25]. In brief, the grading is scaled

from 0 to 4, depending on the severity of oral mucositis.

Grades 1 and 2 were ‘tolerable’, and grades 3 and 4 were

‘intolerable’ forms of mucositis [25]. The grades for oral

mucositis are defined as follows: grade 0 = no mucositis

and no change over baseline; grade 1 (mild) = irritation,

the experience of slight pain; grade 2 (moderate) = patchy

mucositis that may produce inflammatory sero sanguinitis

discharge and moderate pain; grade 3 (severe) = confluent,

fibrinous mucositis associated with severe pain; grade 4

(life-threatening) = ulceration, hemorrhage, or necrosis

that is seen and usually life-threatening.

The response to radiotherapy was assessed during the

first follow-up (i.e., 4 to 6 weeks after completion of

treatment) clinically and radiologically. A senior radiation

oncologist did the clinical assessment according to the

guidelines prescribed by World Health Organization [26].

The degree of tumor volume shrinkage was considered an

index of radio responsiveness. Patients with 100% regres-

sion of tumor at the primary site were considered complete

responders (CR). In contrast, partial responders (PR) had a

higher than 50% regression, and non-responders (NR) had

a lower than 50% regression [26].

Statistical Analysis

The demographic, pathological, and clinical details were

recorded from the patient’s treatment file. The incidence

and severity of mucositis, weight loss, treatment breaks,

and completion rates of treatments without interruption

were noted from the patient files. The data were entered

into Microsoft excel and subjected to statistical analysis.

Unpaired ‘‘t-test’’ was used to compare the extent of severe

mucositis score weekly, testing equality of proportion for

the delay in incidence and the number of tolerable and

intolerable mucositis. In contrast, the X2 test was used to

compare the total incidence of worst-ever grades of

ulceration, the number of treatment days lost due to

intolerable mucositis, and weight loss. An accurate note of

the number of treatment days lost during the course of the
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treatment and weight loss at the end of the treatment was

also made.

Results

Records of 50 patients treated for HNC from March 2014

to June 2014 on an inpatient basis were reviewed retro-

spectively. The files of patients who were treated with

curative intent using the conventional fractioned radiation

of 2 Gy per day and 5 days per week with or without

cisplatin (60 mg/m2 intravenous infusion once a week

during RT on the first day of the week) and admitted to the

inpatient facility throughout the treatment period were

selected. The group with only povidone-iodine gargle twice

a day was considered to control cohorts, while those who

used povidone-iodine and amla were considered the test

group. The details of the patients’ age, sex, location of

cancer, stage of cancer are all represented in Table 1, while

treatment type, dose, the incidence of breaks, use of opi-

oids, loss of days due to mucositis are shown in Table 2.

The study population of control cohorts consisted of 30

patients (20 males and 10 females), while for amla, 20 (16

men and 4 females). The mean age was 53.97 ± 11.33 in

the control while it was 53.12 ± 11.04 in the amla cohort.

Regarding the tumor site, the majority of the patients in

both cohorts had tumors of the tongue (16.67 vs. 15%).

Radiation exposure caused mucositis in both the cohorts,

and the incidence and mean of mucositis increased in both

cohorts with time (Figs. 1, 2, 3). However, when compared

to the control, in the amla cohort, the onset of both toler-

able and intolerable mucositis was delayed and was sig-

nificant at most time points (Fig. 3).

The incidence of development of intolerable mucositis

was more in the iodine group than in the amla ? iodine

group (93.33 vs. 70) and was significant (P = 0.027)

(Table 2). The analysis also showed that the incidence of

development of early intolerable mucositis (before week 4)

was more in the control group than in the amla group (30

vs. 10%) and was significant (P = 0.043) (Table 2). With

respect to the number of patients who had a treatment

break, the incidence (33.33 vs. 15%), as well as number of

days (5.80 ± 1.75 vs 5.50 ± 1.53), were less in the amla

group (Table 2). Additionally, it was also observed that the

weight loss was less in the amla cohorts (2.57 ± 1.25 vs

1.78 ± 1.17; P = 0.016) (Table 2). The incidence of severe

weight loss (More than 2 kg) was also more in the controls

(P = 0.03) (Table 2). The treatment response performed 4

to 6 weeks after the last fraction of radiation showed that

there was no significant difference in the observed cases of

the complete response (CR) and no response (NR)

(Table 2).

Discussion

This study observed that compared to the control (iodine

alone), the test group where iodine and amla gargling was

used was very effective in delaying the development of

radiation-induced mucositis during most of the radiation

treatment period (Fig. 1). However, the most important

observation is that amla rinse was more effective in

delaying and mitigating the development of intolerable

mucositis, a dreaded side effect responsible for increasing

morbidity, prolonged hospitalization, and escalates the

treatment cost [1, 2]. As far as the authors are aware, this is

the first study that addresses the beneficial effects of

combining povidone-iodine with amla in mitigating radi-

ation-induced mucositis. However, previous studies do

suggest amla to be effective as a radio-protective agent and

to protect mice against the whole body exposed to radia-

tion-induced sickness and mortality [27], to mitigate radi-

ation-induced hematopoietic damage [28]; gastrointestinal

damage [29] and to reduce the radiation-induced oxidative

stress in mice [30]. Additionally, the phytochemical ger-

aniin is shown to prevent radiation-induced apoptosis and

oxidative stress in Chinese hamster lung fibroblast (V79-4)

cells [31], while corilagin is shown to reduce radiation-

Induced brain Injury in mice [32].

The other most important observation of our study was

that gargling with amla did not interfere with the radiation

treatment response. Previous studies have shown that amla

induced cytotoxicity in the tumor cells [A549 (lung),

HepG2 (liver), HeLa (cervical), MDA-MB-231 (breast),

SK-OV3 (ovarian), and SW620 (colorectal)] while sparing

the normal cells [MRC5 (normal lung fibroblast)] [33].

Amla also possess chemopreventive effects against DMBA

initiated-TPA promoted skin carcinogenesis [33]; 7,12-

dimethyabenz(a)anthrecene and croton oil promoted skin

carcinogenesis [34]; diethylnitrosoamine-induced hepato-

carcinogenesis [35]; mitigate thioacetamide-induced

oxidative stress and reduce the promotional events primary

hepatocarcinogenesis [36]; benzopyrene-Induced lung

Lesion [37]; dimethylbenz (a) anthracene-induced oral

carcinogenesis [38]. Together all these observations sug-

gest that the amla could have had a role in enhancing tumor

cell kill while protecting the normal cells and needs to be

investigated in both preclinical and clinical models of

study.

Amla has been scientifically investigated extensively,

and observations published attest to its usefulness in curing

various maladies affecting the oral cavity. For example,

amla is reported to be effective in mitigating microbial

growth of S mutans, involved in the development of dental

plaque and caries [39]. Gargling with the aqueous extract

of amla is more effective than chlorhexidine in preventing
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caries [40] and chewing on an amla-containing gum is also

reported to improve oral health [41]. Amla possess potent

antimicrobial effects including against the fastidious oral

pathogen S mutans.Cumulatively all these results indicate

that the benifecial effects of amla may add to that of the

iodine and together both these agents would be effective in

keeping the growth of oral pathogens in check and mediate

the beneficial effects.

Exposure to radiation delays the healing process. Lab-

oratory studies have shown that topical application of amla

was effective in enhancing the closure of open wound by

increasing cellular proliferation and cross-linking of

collagen at the wound site, by increasing DNA, type III

collagen, acid-soluble collagen, aldehyde content, shrink-

age temperature and tensile strength and increasing tissue

antioxidants like ascorbic acid, alpha-tocopherol, reduced

glutathione, superoxide dismutase, catalase, and glu-

tathione peroxidase [42]. Additionally, cell culture studies

have also shown that amla enhanced the growth of human

keratinocytes, indicating it promotes wound healing [43].

Quick healing of cuts and ulcers is a priority as open

wound can facilitate the chances of microbial infection and

growth. Worse, systemic infection can lead to septicemia

and lead to metabolic crisis and death of the immune

Table 1 The gender, age, habits and other demographic details of the patients

Parameters Options Iodine (N = 30) Amla ? Iodine (N = 20)

Age Mean ± SD 53.97 ± 11.33 53.12 ± 11.04

Sex Male 20 (66.67) 16 (80)

Female 10 (33.33) 4 (20)

Cancer site Ameloblastoma 0 (0) 1 (5)

Alveolus 3 (10) 1 (5)

Buccal mucosa 0 (0) 1 (5)

Cheek 3 (10) 2 (10)

Floor of the Mouth 4 (13.33) 1 (5)

Hypopharynx 1 (3.33) 0 (0)

Lip 1 (3.33) 0 (0)

Maxillary Antrum 1 (3.33) 1 (5)

Nasopharynx 0 (0) 1 (5)

Oral cavity 1 (3.33) 1 (5)

Oropharynx 1 (3.33) 1 (5)

Palate (soft and hard) 1 (3.33) 0 (0)

Parotid (0) 1 (5)

Pyriform sinus 5 (16.67) 3 (15)

Supraglottis 1 (3.33) 0 (0)

Tongue/base of tongue 5 (16.67) 3 (15)

Tonsil 1 (3.33) 2 (10)

Vocal cord 1 (3.33) 1 (5)

Secondary tumor 1 (3.33) 0 (0)

Cigarette smoking Yes 20 (66.67) 11 (55)

No 10 (33.33) 9 (45)

Beedi smoking Yes 7 (23.33) 4 (20)

No 13 (43.33) 16 (80)

Drinking alcohol Yes 23 (76.67) 11 (55)

No 7 (23.33) 9 (45)

Inhaling snuff Yes 8 (26.67) 3 (15)

No 22 (73.33) 17 (85)

Chewing tobacco Yes 14 (46.67) 6 (30)

No 16 (53.33) 14 (70)

Co morbidity Yes 10 (33.33) 7 (35)

No 20 (66.67) 13 (65)
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compromised individual. The observation that amla heals

open wound is of great significance as a similar mechanism

may be operating and needs to be scientifically validate in

animal/cell culture models of radiation induced wound

healing delay assays to affirm the underlying mechanism/s

in detail.

From a mechanistic viewpoint, exposure to low linear

energy transfer ionizing radiation like X-ray predominantly

mediates the cytotoxic effects principally by generating

free radicals (indirect effect) than from the DNA damage

(direct effects). Amla has been investigated for its free

radical scavenging and antioxidant effects in myriad vali-

dated assay systems and reported to be effective against a

range of free radicals [4, 44]. Amla also possesses anti-

inflammatory effects [44–46] and analgesic effects [47].

Together, all these observations indicate that amla gargle

might have scavenged the free radicals, mitigated inflam-

matory reactions, and possibly halted the perpetuation of

Table 2 Tumor and treatment details in the two groups of patients

Parameters Groups Iodine (N = 30) Amla ? Iodine (N = 20) P value

Tumor size (T) T1 1 (3.33) 1 (5)

T2 11 (36.67) 6 (30)

T3 8 (26.67) 9 (45)

T4 8 (26.67) 4 (20)

TX 2 (6.67) 0 (0)

Nodes N0 12 (40) 6 (30)

N1 8 (26.67) 10 (50)

N2 7 (23.33) 3 (15)

N3 2 (6.67) 1 (5)

Metastasis M0 27 (90) 17 (85)

MX 3 (10) 3 (15)

Radiation type and dose Radiation only 10 (33.33) 9 (45)

Chemo-radiation 20 (66.67) 11 (55)

Radiation fraction 33.50 ± 1.92 34.00 ± 1.02

Radiation dose 67.00 ± 3.95 68.00 ± 2.05

Treatment breaks Early treatment breaks (before week 4) 4 (13.33) 1 (5) 0.34

Late treatment breaks (after week 4) 6 (20) 2 (10)

No treatment breaks 20 (66.67) 17 (85)

Total treatment breaks 10 (33.33) 3 (15)

Treatment days lost 5.80 ± 1.75 5.50 ± 1.53

Mucositis severity Intolerable 28 (93.33) 14 (70) 0.027

Tolerable 2 (6.67) 6 (30)

Mucositis time of development Early intolerable (before week 4) 9 (30) 2 (10) 0.043

Late intolerable (after week 4) 19 (63.33) 12 (60)

Did not develop intolerable 2 (6.67) 6 (30)

Tube feeding Yes 21 (70) 12 (60)

No 9 (30) 8 (40)

Opioid use Yes 17 (56.67) 7 (35)

No 13 (43.33) 13 (65)

Weight loss Initial weight 50.76 ± 9.94 48.61 ± 14.72

Final weight 48.24 ± 10.21 46.83 ± 14.84

Weight change 2.57 ± 1.25 1.78 ± 1.17 0.016

Severity of weight loss Less than 2 kg 17 (56.67) 18 (90) 0.03

2.1 to 5 kg 11 (36.67) 1 (5)

More than 5 kg 2 (6.67) 1 (5)

Treatment response Complete Response 23 (76.66) 16 (80) 0.08

Partial response/no response 7 (23.34) 4 (20)
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the cyclical oxidative stress-inflammatory feedback path-

ways that aggravate the pathogenesis. Also, the analgesic

effects might have also contributed to the ensuing benefi-

cial effects and negated/reduced the pain impulses. Studies

with cell culture and laboratory animals considering

multiple end points will be very useful in establishing the

mechanism/s operating to mediate the protective effects

and are required.

Conclusions

The result of the present study indicates that amla, when

combined with povidone-iodine, possesses better protec-

tive effects against radiation-induced mucositis and that the

effect was better than the use of standard povidone-iodine

gargle alone. Amla has an excellent safety profile, wide

acceptability and is effective in delaying and reducing

radiation-induced mucositis. The biggest drawback of our

study was that this was a non-randomized study and the

amla arm consisted of people who were eager to use it.

Further, the control arm rinsed their mouth only twice per

day with povidone-iodine solution. At the same time, in the

test group, the volunteers swished their mouth with the

povidone-iodine solution as in the control group and two

more times with amla. This increase in swish in the test

may have contributed to the observed protection. Our study

shows for the first time that gargling with amla along with

Fig. 1 Difference in the degree of radiation-induced mucositis in the

iodine verses the amla and iodine treatment groups during the course

of the radiation treatment (* = 0.03; # = 0.06; ** = 0.005;

*** = 0.02)

Fig. 2 Difference in the

development of grade 1 to 4

mucositis in the iodine verses

the amla and iodine treatment

groups during the course of the

radiation treatment
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the regular povidone-iodine swish was effective in miti-

gating radiation-induced mucositis. The authors suggest

that future studies should be focused on ascertaining the

effectiveness of amla in combination with standard agent/s

and also as a single agent in randomized, double-blinded

clinical trials. Endeavors along these lines will be useful

for cancer patients undergoing treatment.
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