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Abstract Radiation-induced mucositis is a dose-limiting
concern in the treatment of head and neck cancers (HNC).
This study was conducted to determine the effectiveness of
the Ayurvedic drug Triphala in reducing radiation-induced
mucositis and influencing tumour control when combined
with providone iodine. Data from patient files of HNC
patients who received Triphala in conjunction with iodine
or iodine alone over the course of curative radiotherapy
(> 60 Gy) from May 2013 to February 2015 were extracted
for this retrospective chart based study. Data was subjected
to statistical analysis, X2 and unpaired t test using the Sta-
tistical Package for Social Sciences (SPSS), version 17
(IBM, Chicago, USA). When compared to iodine alone, the
group that utilised Triphala gargling was very efficient in
delaying mucositis, the extent of weight loss (p =0.038),
the incidence (p =0.03), and the number (p =0.02) of treat-
ment breaks. However, it had no influence on the radiation-
induced tumour response. According to the observations,
Triphala coupled with iodine was more successful in pre-
venting radiation mucositis, and without affecting the killing
of tumour cells than iodine gargle alone. According to the
authors, this is the first observation to demonstrate the value
of combining providone iodine with Triphala in preventing
radiation-induced oral mucositis.
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Introduction

Radiation for HNC region generally causes an inflammatory
response in the mouth and pharyngeal mucosa in the treat-
ment area [1]. Scientifically this is known as "oral mucositis"
and an inflammatory state of this kind impairs the integrity
of the mucosal barrier, and interferes with curative treatment
plans, increases morbidity, and impacts the quality of life for
the affected patient [1-3]. The location of the malignancy,
accompanying chemotherapy, radiation dose, field size, and
fractions, as well as patient-related factors such oral health,
immunological condition, and comorbidities, are the main
determinants of oral mucositis time of appearance, severity
and incidence [4, 5]. At times, oral mucositis might be so
severe that it forces the initial treatment plan to be inter-
rupted or abandoned [3, 6].

Proper use of antibacterial, antifungal, analgesic, and
nutrition administration parenterally when necessary are all
parts of the management of oral mucositis and referred to
as integrated supportive care [7]. Admission to an intensive
care unit is made in severe cases of mucositis to prevent
septicemia, and complications that can cause the person’s
death [4]. Clinically, Mucotrol and MuGard are used to treat
oral mucositis [5, 8]. Additionally, colloidal silver solu-
tions, antiseptics and antimicrobials, and salt-and-baking
soda rinses are all widely utilized to treat oral infection and
oral mucositis [9]. Additionally, biological treatments, such
as recombinant human KGF-1 (palifermin), are also effec-
tive [5, 10] but expensive [9]. Due to all of these causes,
a protective agent that is affordable, easy to use, effective,
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pleiotropic in its pharmacological action and acceptable for
humans is required [11, 12].

Humans have used plants as medicinal agents to treat illness
or to promote health since ancient times [13, 14]. Currently,
nearly 80% of people in developing nations rely on plant-based
medicines for primary care [13] due to the perception that
they are non-toxic or less toxic than drugs used in modern
medicine, relatively inexpensive, and socially widely accepted
[13, 15]. The most often utilised plant products are decoctions,
powders, infusions, and pastes [13—15]. Considering this, since
almost three decades, researchers have been looking into the
radioprotective properties of plants that are used as alternative
medicines [13—15]. In light of this, plants that can alleviate
oxidative stress, stimulate quicker wound healing and boost
immune performance have been considered ideal [16, 17].
Additionally, polyherbal preparations have also been observed
to be useful in reducing radiation ill effects [18, 19] and the
effect are attributed to the individual constituent’s cumulative
and synergistic effects [20].

Studies using the Ayurvedic drug Triphala, which con-
tains dried fruits of Terminalia bellirica Roxb, Terminalia
chebula Retz. and Phyllanthus emblica Linn. or Emblica
officinalis Gaertn in equal ratio is reported to possess radi-
oprotective effects [17-19]. Additionally, research with
humans has demonstrated the value of Triphala mouthwash
as a potential non-toxic, cost-effective chemopreventive ther-
apy by demonstrating its ability to reverse tobacco-induced
pre-cancerous lesions [21]. Triphala capsules when used
on a daily basis increased HDL-C levels and concurrently
decreased blood sugar, demonstrating the herb’s benefit for
those with dyslipidemia and prediabetes and was safe [22].

Triphala protects healthy cells from the harmful effects
of ionising radiation and does not affect the radiation’s
ability to kill malignant cells [18, 19]. Triphala possess
anti-inflammatory, antimicrobial effects, wound-healing
properties, anti-plaque, chemopreventive, cytoprotective,
antimutagenic, clinically has a very high safety profile and
is widely accepted [17-22]. Considering all these pharmaco-
logical effects of Triphala, study was planned to investigate
how combining Triphala with providine iodine would be
useful as an anti-ulcerative agent in HNC patients requiring
radiotherapy along with the standard iodine gargle. Stand-
ard clinical aspects like the incidence and highest grade of
mucositis, number of treatment days lost, changes in body
weight and effect on tumour response, that are routinely per-
formed in patient care, and mandatorily entered in patient
care file were considered.

Patients and Methods

This study, was patient chart based and was carried out in
January 2020 in the medical records department (MRD)

of the Mangalore Institute of Oncology after receiving
approval from the institutional ethics committee (MIO/
IEC/2019/01/07). In the hospital, curative radiotherapy
usually encompasses use of 60 to 70 Gy with or without
cisplatin or carboplatin as per global standard practice for
treating HNC. Povidone-iodine mouthwash (10 ml of the 1%
Povidone-iodine) was used twice daily in the morning and
once at night in the institution as per the normal protocol to
prevent oral infection and radiation mucositis [23].

From May 2013 to February 2015, the hospital utilized
the services of a senior Ayurvedic doctor, and together with
radiation oncologists, developed a protocol of combining
Triphala gargle as an adjunct treatment along with the exist-
ing iodine swish. The Ayurvedic doctor had incorporated
two gargles with Triphala water (1%), one after lunch and
one after tea in the evening, while keeping the povidone-
iodine mouthwash constant (morning and at night), for vol-
unteers who were willing to do so under the guidance of an
oncology nurse.

As this was a retrospective study, the assistance of the
head of MRD was requested. While selecting the files the
inclusion criteria considered were that HNC patients were
treated from May 2013 to February 2015, had Triphala
gargle recommended by the Ayurvedic physician, patient
had a minimum gap of 4 months when surgery preceded
curative radiotherapy, patients were not on high doses of
non-steroidal anti-inflammatory drugs, were not affected
with uncontrolled type II diabetes or hypertension, used
povidone-iodine or Triphala 4+ povidone-iodine mouthwash
throughout the time point under the supervision of the oncol-
ogy nurse in the inpatient facility and all pertinent details
were entered in the nursing records.

The exclusion criteria considered were that patient had
neoadjuvant chemotherapy, had surgery within 4 weeks of
start of radiotherapy, the current radiation treatment was for
the second time and the patient was previously treated with
radiotherapy for HNC region, travelled from their home for
the radiation treatment, the patient used some other mouth
wash and finally those who discontinued the planned treat-
ment (left against medical advice or discharged against
medical advice).

The extraction of data was conducted by one of the
research assistant in January 2020 considering both inclu-
sion and exclusion criteria specified above. Briefly, the files
of HNC patients treated during the time point May 2013 to
February 2015 were selected from the inpatient MRD. The
patient’s treatment file were inspected and scrutinized by the
MRD in charge and the files that satisfied the inclusion and
exclusion criteria were selected. The patient files contained
information on the demographic, pathological, clinical infor-
mation, radiation dose, fraction size, chemotherapy drugs
used as radiation sensetizers, the frequency and severity of
mucositis, weight loss, and number of treatment days lost
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throughout the course of the treatment due to adverse drug
reaction, and treatment response evaluated using radiologi-
cal and clinical methods. The data were carefully collected
double checked and then entered in to Microsoft Excel 2013
by the research assistant with the assistance of the MRD
head.

Preparation of Triphala

The Ayurveda physician had advised using 1% Triphala
when taking it for gargling. Concisely, 100 ml of hot water
and 1 gramme of Triphala (Zandu Pharmacuticals, Mumbai,
India) were combined to create 1% Triphala mouthwash.
The resulting solution was allowed to cool for 30 min before
being filtered to remove the particle debris via a sterile linen
mesh. To get a filtrate free of any particle debris that might
be utilized for gargling, the filtration process was repeated
twice. Every day, around 50 ml of freshly prepared Triphala
filtrate was provided to the patients by the attending nurse
along with the lunch. Patients were initially taught to swish
their mouth with 10 ml of the 1% Triphala filtrate (three
times) at the planned time points of after lunch and after
tea in the evening. In accordance to the hospital protocol,
the patient carried out all medical care including garglings
(Triphala as well as iodine) under the supervision of the
nurse and family care givers.

Radiation Therapy Treatment and Care of Patient

All patients were exposed to external radiation using a lin-
ear accelerator (Varian, Model Unique Performance, Palo
Alto, CA, USA for a planned target dose of 60 to 70 Gy
[30]. Whenever chemo-irradiation was intended, a weekly
carboplatin (70 to 150 mg/m2/day intravenous) [24-26] or
cisplatin infusion (40 to 50 mg/m2/day IV) [27, 28] was
given before to the first weekly radiation exposure [29, 30].
Nutritional, medical and supportive care was conducted as
described earlier [29, 30]. The orodental care, weekly grad-
ing of mucositis, and evaluation of treatment response per-
formed four to six weeks following the end of treatment was
carried out as described earlier [29, 30].

Statistical Analysis

Statistical analysis was carried out using the Statistical Pack-
age for Social Sciences (SPSS), version 17 (IBM, Chicago,
USA). The X2 test was used to compare the overall inci-
dence of the worst-ever grades of ulceration, the number of
treatment days lost due to intolerable mucositis, and weight
loss. The unpaired "t test" was used to compare the extent

@ Springer

of severe mucositis score on a weekly basis, testing equality
of proportion for the delay in incidence and the number of
tolerable and intolerable mucositis. P values under 0.05 were
regarded as significant.

Results

The records of patients who underwent conventional frac-
tioned radiation with the goal of curative treatment from
May 2013 to February 2015 and were admitted to an inpa-
tient facility for treatment were chosen. Retrospective
reviews were performed on 107 patient files treatment on an
inpatient basis in the hospital for their HNC and satisfied the
inclusion criteria. Of these, 3 patients had left the treatment
midway and 2 had uncontrolled co-morbidities. A total of
102 patient file satisfied the inclusion criteria and had com-
plete data and were considered. Table 1 shows the patient’s
age, sex, location, and stage of cancer, while Table 2 shows
the type of treatment, dose, frequency of breaks, usage of
painkillers, and days lost due to mucositis.

The study population for the control cohorts was 65
patients (48 men and 18 women), compared to 37 for the
Triphala (24 men and 13 females). In the Triphala cohort,
the mean age was 54.38 + 12.82 while it was 54.50+12.40
in the control cohort. Regarding the tumour site, both study
populations contained about 25% of tongue cancer patients.
Both cohorts developed mucositis as a result of radiation
exposure, and both cohorts’ incidence and mean of the con-
dition rose over time (Figs. 1 and 2). However, when com-
pared to the iodine alone control, in the Triphala cohort’s
both bearable and intolerable mucositis were delayed and
significant at most time points (Fig. 3).

Both the incidence (29.23% vs. 10.81%; P=0.03) and
the number of days (6.78 +0.54 vs. 5.00+3.43; P=0.02)
were lower in the Triphala group, and this difference was
statistically significant (Table 2). The weight reduction in
the Triphala cohorts was lower as compared to the povidone-
iodine group (3.66+1.70 vs 2.97 +1.52) and significant
(p=0.038). However there was no discernible difference in
treatment response. In the Triphala gargle group; there was
75.68% (28/37) of CR, 10.81% (4/37) of PR, and 13.51%
(5/37) of NR compared to 69.23% (45/64) of CR, 16.92%
(11/64) of PR, and 13.85% (9/64) of NR in the control group
(Table 2).

Discussion

The most significant finding is that combining Triphala rinse
with iodine was more successful in preventing or postpon-
ing the onset of severe mucositis, a dreaded adverse event
associated with increased morbidity, extended hospital stays,
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Table 1 The gender, age, habits
and other demographic details

Control (N=65) Triphala (N=37)

of the patients Age Mean + Std Dev 545+124 54.38+12.82
Below 50 years of age 22 (33.85) 11 (29.73)
Above 50 years of age 43 (66.15) 26 (70.27)
Sex Male 48 (73.85) 24 (64.86)
Female 18 (27.69) 13 (35.14)
Cancer site Alveolus 4 (6.15) 3(8.11)
Buccal mucosa 5(7.69) 3(8.11)
Cheek 3(4.62) 4(10.81)
Epiglottis 0 (0) 12.7)
Floor of the Mouth 4 (6.15) 12.7)
Hypopharynx 2 (3.08) 0 ()
Larynx 0(0) 12.7)
Lip 1(1.54) 0(0)
Maxillary Antrum 1(1.54) 2(541)
Nasopharynx 0(0) 3(8.11)
Oral cavity 3(4.62) 0(0)
Oropharynx 2 (3.08) 0(0)
Palate (soft & hard) 3(4.62) 0(0)
Parotid 0(0) 12.7)
Pyriform sinus 5(7.69) 4 (10.81)
Retromolar trigone 4 (6.15) 12.7
Supraglottis 2 (3.08) 1.7
Tongue/Base of tongue 19 (29.23) 9 (24.32)
Tonsil 4 (6.15) 1.7
Vocal cord 2 (3.08) 1.7
Secondary Tumor 1(1.54) 1.7
Cigarette smoking Yes 37 (56.92) 14 (37.84)
No 28 (43.08) 23 (62.16)
Beedi smoking Yes 15 (23.08) 8(21.62)
No 50 (76.92) 29 (78.38)
Drinking alcohol Yes 44 (67.69) 20 (54.05)
No 21 (32.31) 17 (45.95)
Chewing tobacco Yes 25 (38.46) 20 (54.05)
No 40 (61.54) 17 (45.95)
Inhaling snuff Yes 12 (18.46) 10 (27.03)
No 53 (81.54) 27 (72.97)
Co morbidity Yes 16 (24.62) 8 (21.62)
No 49 (75.38) 29 (78.38)

and escalating treatment costs [31-33]. However, previous
studies do indicate that Triphala is useful as a radioprotec-
tive agent and can protect mice from radiation-induced sick-
ness and mortality [34, 35], intestinal mucosal damage [36]
as well as reduce radiation-induced DNA damage in both
mice and cultured mammalian cells [37, 38]. The second and
most crucial finding of our study was that Triphala gargling
had no adverse effects on the radiation therapy response.
Overall, these findings suggest that Triphala in conjunction
with iodine was successful in reducing radiation mucositis
without compromising response to therapy.

To substantiate this, previous studies by Sandhya and
coworkers with mammalian cells have demonstrated that
Triphala induced cytotoxicity in the tumour cells [barcl-95
(in a transplantable mouse thymic lymphoma) and MCF-7
(a human breast cancer cell line)], while sparing the nor-
mal cells [37]. At equivalent concentrations, Triphala
induced concentration-dependent apoptosis and cell death
in Capan-2 and BxPC [human pancreatic cancer cells],
while sparing the normal human pancreatic ductal epi-
thelial cells (HPDE-6) [39]. Triphala feeding also caused
tumor regression in nude mice implanted with Capan-2
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Table 2 Tumor and treatment details in the two groups of patients

Control (N=65)

Triphala (N=37)

Chi square/unpaired ¢ test

Tumor Size (T)

Nodes

Metastasis

Surgery before radiation

Radiation type

and dose

Early incidence of treatment breaks (before week 4)

Late incidence of treatment breaks (after week 4)

Total incidence of treatment breaks

Feeding tube

Mucositis

Opiod use

Weight loss

Treatment response

T1 2 (3.08) 12.7)

T2 29 (44.62) 14 (37.84)

T3 19 (29.23) 11 (29.73)

T4 12 (18.46) 9 (24.32)

X 3(4.62) 12.7)

NO 22 (33.85) 13 (35.14)

N1 25 (38.46) 15 (40.54)

N2 15 (23.08) 7(18.92)

N3 2 (3.08) 12.7)

NX 1(1.54) 12.7)

MO 53 (81.54) 29 (78.38)

MX 12 (18.46) 8 (21.62)

Yes 23 (35.38) 16 (43.24)

No 42 (64.62) 21 (56.76)

Radiation only 28 (43.08) 12 (32.43)

Chemo-radiation 37 (56.92) 25 (67.57)

Radiation fraction 33.43+2.03 33.65+1.75

Radiation dose 66.9+4.05 67.30+3.50

No treatment breaks 59 (90.77) 36 (97.3)

Treatment breaks 6 (9.23) 1(2.70)

No treatment breaks 52 (80.00) 36 (97.29)

Treatment breaks 13 (20.00) 3(8.11)

No treatment breaks 46 (70.77) 33 (89.19) Chi square P = 0.032
Treatment breaks 19 (29.23) 4 (10.81)

Treatment days lost ~ 6.78 +0.54 5.00+3.43 ttest P =0.02
Yes 18 (27.69) 7(18.92)

No 47 (72.31) 30 (81.08)

Intolerable 54 (83.08) 27 (72.97)

Tolerable 11 (16.92) 10 (27.03)

Yes 49 (75.38) 19 (51.35) Chi square P = 0.013
No 16 (24.62) 18 (48.65)

Initial weight 53.40+11.11 52.29+14.87

Final weight 49.72+10.80 49.32+14.39

Weight change 3.66+1.70 297+1.52 t test P=0.038
Less than 2 kg 27 (41.54) 21 (56.76)

2.1to5kg 30 (46.15) 14 (37.84)

More than 5 kg 9 (13.85) 2(5.41)

Complete Response 45 (69.23) 28 (75.68)

Partial response 11 (16.92) 4 (10.81)

No response 9 (13.85) 5(13.51)

xenograft [39]. Studies with LNCap [human prostate can-
cer] and normal cells has demonstrated that Triphala and
its phenolic ingredient gallic acid have distinct cytotoxici-
ties and are more cytotoxic to the neoplastic cells at equal
concentrations [40]. Triphala and its active component,
chebulinic acid also suppressed phosphorylation of VEGF
receptor-2 and VEGF action important for angiogenesis
(VEGFR-2) [41]. These findings suggest that Triphala is
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safe for normal cells while exerted cytotoxic effects on the
neoplastic cells and tumors.

Triphala has been subjected to significant scientific study,
and findings published convincingly affirm its efficacy in
treating a variety of conditions affecting the oral cavity
[42—46]. Children who used Triphala mouthwash found it
to be just as effective as chlorhexidine at reducing microbial
growth, dental plaque production, and gingival inflammation
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Fig. 2 Representation of mean of radiation-induced mucositis in the
two groups through the treatment time of seven weeks

[47]. Studies on people with periodontal disease have une-
quivocally demonstrated that Triphala mouthwash is just as
effective at lowering plaque and the gingival index as 0.2%
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chlorhexidine is at providing oral care [48]. Triphala rinse
has been demonstrated to be helpful as an endodontic irri-
gant against the common orodental pathogen Enterococcus
faecalis [51] and to reduce plaque-induced gingivitis [49],
halitosis [49], plaque accumulation [50], gingival inflamma-
tion [50], halitosis and to lessen the development of biofilms
by cariogenic bacteria [52]. Importantly, a cross-over trial by
Naiktari and colleagues (2018) demonstrated the enormous
benefits of a single rinse with 10% Triphala mouthwash as
an antibacterial agent [53].

Radiation’s cytotoxic effects are known to cause a number
of negative side effects including a weakening of the oral
cavity’s natural defense, a decrease in salivary secretion,
and the development of mucositis [54]. Additionally, radia-
tion changes the mouth’s flora and encourages the growth
of opportunistic pathogens, which, if left untreated, increase
the risk of systemic infection, particularly in people with
compromised immune systems and result in death [32].
Triphala has been shown to have immunomodulatory prop-
erties as well, and clinical studies by Phetkate and coworkers
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Fig. 3 Incidence of tolerable and intolerable mucositis down the
treatment period in the two groups (x.2 test p values a=0.01;
b=0.004; ¢=0.003; d=0.001; e=0.0004; f=0.0001)

(2012) revealed that when compared to the controls, people
who took Triphala had better immunostimulatory effects
[55].

Radiation exposure slows the healing process, and labora-
tory studies in a rat model have demonstrated that applying
Triphala ointment (10% w/w) improved the closure of an
infected open wound. This was mediated by decreasing bac-
terial count, increasing collagen, hexosamine, uronic acid,
superoxide dismutase, and matrix metalloproteinase levels
[56]. Additionally, Staphylococcus aureus, Pseudomonas
aeruginosa, and Streptococcus pyogenes were successfully
eradicated by the alcoholic extract of Triphala, demonstrat-
ing its efficacy for the treatment of infected wounds [56].
Triphala has been proven to be effective against two signifi-
cant orodental pathogens, Enterococcus faecalis and Strep-
tococcus mutans [S7-61]. It’s probable that the observed
benefit was mediated by a combination of pharmacological
actions, such as boosting wound healing, exerting antibacte-
rial properties, and stimulating the immune system.

Mechanistically, X rays, mediates it toxic effects prin-
cipally by generating free radicals [62, 63]. Triphala has
been examined for its free radical scavenging and antioxi-
dant activities and has been found to be efficient against
a variety of free radicals [34, 63]. In numerous xenobiotic
stress-induced models, such as reducing enterotoxicity by
methotrexate [64], hepatotoxicity by dimethylhydrazine
dihydrochloride [65], and nephrotoxicity by bromobenzene
[66], Triphala is also shown to restore the levels of the cell’s
primary antioxidant, glutathione [66]. Triphala has also been
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shown to increase antioxidants [65, 66] while concomitantly,
decreasing levels of lipid peroxidation [63—-72], myeloper-
oxidase [64], xanthine oxidase [64] and lactate dehydroge-
nase [65, 70]. The observed protection would have worked
with a similar method.

Inflammation is a major contributing element to the
development and, more crucially, the maintenance of radi-
ation-induced oxidative stress and free radical damage [73,
74]. Investigations have demonstrated the effectiveness of
Triphala in reducing gingival inflammation [44, 47-50,
75] in preventing the development of inflammatory gouty
(monosodium urate crystals-induced) arthritis [70], adju-
vant-induced arthritis in rats [71], and mouse ear edema
brought on by ethyl phenylpropiolate [76]. According to
mechanistic investigations, Triphala decreased inflammation
in mice with gouty arthritis by lowering TNF-a levels [70].
Furthermore, research with rats given an adjuvant-induced
arthritic condition revealed that Triphala decreased TNF-a,
IL-17, IL-6, MCP-1, iNOS and COX-2; receptor activator
of RANKL, NF-kB p65 and AP-1 [71, 77]. All of these find-
ings confirm that Triphala has protective effects against a
variety of organotrophic toxicants and inflammatory agents,
showing that these benefits are broad-spectrum and consist-
ent at the cellular level in a variety of cells and tissues.

Conclusions

The current study’s findings suggest that Triphala together
with povidone-iodine gargle have better protective benefits
and that this combination is superior to povidone-iodine
gargle alone. Triphala is well accepted, has a great safety
record, and works well to prevent and treat radiation-induced
mucositis. For the first time, our study demonstrates that
using Triphala in addition to the usual povidone-iodine
swish was successful in reducing radiation-induced mucosi-
tis. The authors recommend that future research concentrate
on determining the efficacy of Triphala as a single agent as
well as in conjunction with standard agent(s) in randomised,
double-blinded clinical trials.
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