c
Ke)
)
©
o
c
S
£
E
o
(&)
)

976

@

HOSPITAL PHARMACOLOGY .
International Multidisciplinary Journal ISSN 2334-9492 (Onllne)

Hospital Pharmacology. 2020; 7(3):976-982 UDC: 615.451.2; 616.31-085
doi:10.5937/hpimj2003976M

Salviva® - Step Forward in Human Saliva
Substitution

Srdjan Z. Markovi¢"*?, Adrijana Z. Serafimovka'*, Ivana T. Kosti¢'?,
Marija Dj. Jovovi¢!* , Maja M. Ribar"?, Branko M. Bugarski'®,
Dragana A. Kastratovi¢"?

! Innovation Center of the Faculty of Technology and Metallurgy, University of Belgrade,
Belgrade, Serbia

? Clinical Centre of Serbia, Belgrade, Serbia

? Faculty of Physical Chemistry, University of Belgrade, Belgrade, Serbia

* Coca-Cola Hellenic Botlling company, Belgrade, Serbia

> Institute for Medical Research, University of Belgrade, Belgrade, Serbia

¢ Department of Chemical Engineering, Faculty of Technology and Metallurgy, University of
Belgrade

SUMMARY

Introduction: Saliva is a product of salivary glands secretion that constantly soaks - mois-
turizes the teeth and mucous membranes of the oral cavity. Physiological roles of saliva
are: maintaining humidity, lubrication and physiological cleaning of the oral cavity, enzy-
matic activity (beginning of digestion), bacteriostatic and bactericidal action, prevention
of dental caries.

Topic: The most serious health problem is the complete, permanent absence of saliva se-
cretion, which is an absolute indication for daily use of an adequate preparation for moist-
ening the oral cavity or saliva substitution. Salviva® is sufficiently viscous and the content
that can serve as natural saliva for 4 hours. 200 ml bottle is sufficient for daily patient
needs and the production costs are low (0.25 EUR per unit for laboratory level volumes,
excluding primary packaging costs).

Conclusions: With the further innovative development of Salviva®, it is possible to apply
drugs with local and systemic effects, and thus treat the patient, which opens a completely
new field of application of some drugs and reduces their side effects and unpleasant ef-
fects. The quality of life of patients as well as social functionality will be significantly
improved, which is very important for the working population.
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INTRODUCTION

Saliva is a product of salivary glands secretion  and the latest research indicates another pair
that constantly soaks - moisturizes the teeth  oflarge salivary glands of the newly discovered
and mucous membranes of the oral cavity. Itis  tubarial salivary glands It also contains the se-
secreted by three pairs of large salivary glands:  cretion of small salivary glands, of which there
parotid, submandibular and sublingual [1], are hundreds in the submucosa of the oral mu-
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cosa (mucous membrane) and some gingival
crevicular fluid. About 0.5-0.6 liters of saliva
is excreted daily [3]. Saliva is a complex mix-
ture of water, ions, enzymes, glycoproteins,
proteoglycans, immunoglobulins, bactericidal
and other substances. The composition of sa-
liva includes: water (96% -98%), sodium 2-21
mmol / L, potassium 10-36 mmol / L, calcium
1.2-2.8 mmol / L, magnesium 0.08-0.5 mmol
/L, chlorides 5-40 mmol / L, bicarbonates 25
mmol / L, phosphates 1.4 - 39 mmol / L, mu-
cus (composed of mucopolysaccharides and
glycoproteins), antibacterial substances (thio-
cyanate, hydrogen peroxide), enzymes (active
substances), which participate in the digestion
of food in the oral cavity [4].

Physiological roles of saliva are:
maintaining humidity, lubrication and physi-
ological cleaning of the oral cavity, enzymatic
activity (beginning of digestion), bacterio-
static and bactericidal action, prevention of
dental caries. Saliva plays a significant role in
maintaining the physiological state of the oral
cavity and the initial part of the digestive tract.
Glycoprotein and mucoid products, which are
secreted by the salivary glands, protect the
mucous membrane from potentially carcino-
genic factors, such as smoking and various
chemicals, and also prevent drying of the oral
cavity when breathing through the mouth [4].

TOPIC

Xerostomia - the actual prevalence of this dis-
order on the general population remains con-
troversial [5], defined as oral dryness, occurs
in mild to severe form in menopause, dehy-
dration, anxiety, stress, electrolyte imbalance,
doping in sports, dental intervention, diabetes,
stroke, impaired consciousness, radiotherapy,
etc. [6, 7]. The incidence of xerostomia is the
highest in older adults affecting their quality of
life [8]. Saliva deficiency is a relative and time-
limited indication for the use of an adequate
preparation for moisturizing the oral cavity or
saliva replacement.

Dry mouth (xerostomia) is becoming
more common in developed countries where
people live longer, where polypragmatism is
common. Several hundred medications can
cause or exacerbate xerostomia: cytostatics,
antihypertensives, antidepressants, analgesics,
tranquilizers, diuretics and antihistamines,
oral contraceptives [9].

The most serious health problem

is the complete, permanent absence of saliva
secretion, which is an absolute indication for
daily use of an adequate preparation for moist-
ening the oral cavity or saliva substitution.
Dry mouths occur: after surgical interven-
tion of total block dissection of the neck due
to advanced carcinoma, radiotherapy of the
head-neck region, during and after the appli-
cation of cytostatics and in Sjogren’s sy. Recent
research shows that natural saliva is a possible
diagnostic medium for a large number of sys-
temic diseases, i.e. that it is possible to diag-
nose oral cancer through markers from natu-
ral saliva, Sjogren’s sy, Alzheimer’s [10,11].

Reduction or complete absence of sa-
liva also reduces the quality of everyday life.
Patients with dry mouth have difficulty eating,
chewing, speaking, using dentures, ulcerations
of the mucous membranes, changes in the
sense of taste, poor oral hygiene, inflammation
of the mucous membranes, oral candida infec-
tion, progressive dental caries [12].

Remedies at hand are proper hydra-
tion; increase in humidity at night-time; avoid-
ance of irritating dentifrices and crunchy/hard
food; and use of sugar-free chewing gums/can-
dy. Medications include mucosal lubricants,
saliva replacement, and saliva stimulants as
local treatment. Systemic treatment could be
done with drugs: pilocarpine, cevimeline, an-
ethole trithione, but their effect depends on
the presence of functional glandular tissue and
they have serious adverse effects [8,13,14].

For a successful pharmaco-therapeu-
tic result, it is important to adequately choose
the medical agent of artificial saliva, the char-
acteristics of which depend on the indication
- from moisturizer to complete substitution
of saliva. The number of medical devices for
maintaining oral moisture/saliva substitution
is increasing on the market (Table 1a and 1b).

An absolute and permanent indica-
tion for the use of artificial human saliva is
certainly the most important medical problem
that needs to be solved with an adequate prep-
aration of artificial human saliva. However,
none of the existing preparations satisfies all
the conditions for use immediately and per-
manently after surgical removal of the salivary
glands within the total block dissection of the
neck, in head-neck cancer: the solutions are
not sterile and do not have the required reten-
tion time in the mouth. Also, if we take into
account that in these cases patients need to use
artificial saliva daily for the rest of their lives,
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Table 1a. Global Competitive

Overview

Sourse NHS 2013

https://www.nhs.uk/condi-

tions/dry-mouth/

Table 1b. Global Competitive

Overview

Sourse NHS 2013

https://www.nhs.uk/condi-

tions/dry-mouth/

Products
available
(Manufacturer)

Salviva

AS Saliva Orthana
(AS Pharma)

Biotene
Oralbalance® (GSK)

BioXtra
products for dry
mouth

(RIS Products)

Glandosane
(Fresenius Kabi)
Saliveze (Wyvern)

Saliva Stimulating
Tablets (SST)
(Medac)

Xerotin (SpePharm)
XyliMelt

(1-4h, 4-8h sleeping)

Products
available
(Manufacturer)

Salviva

AS Saliva Orthana
(AS Pharma)

Biotene
Oralbalance® (GSK)

BioXtra
products for dry
mouth

(RIS Products)

Glandosane
(Fresenius Kabi)
Saliveze (Wyvern)

Saliva Stimulating
Tablets (SST)
(Medac)

Xerotin (SpePharm)
XyliMelt

Formulation

Oral Spray 250 ml

Oral spray 50 mL
Lozenges (30)

Saliva replacement gel
50¢

Moisturising gel 40 mL
Gel mouth spray 50 mL
Toothpaste 50 mL
Mouthrinse 250 mL

Aerosol spray 50 mL
(lemon, neutral, pep-
permint)

Oral spray 50 mL

Tablets (100)

Oral spray 100 mL

Discs

Formulation

Oral Spray 250 ml
Oral spray 50 mL
Lozenges (30)

Saliva replacement gel
50¢

Moisturising gel 40 mL
Gel mouth spray 50 mL
Toothpaste 50 mL
Mouthrinse 250 mL

Aerosol spray 50 mL
(lemon, neutral, pep-
permint)

Oral spray 50 mL
Tablets (100)
Oral spray 100 mL

Discs
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Prescribable
by dentists
on NHS?

N/A

Yes®

Yes?
Yes'

Yes?
Yes?
No
No

Yes?

Yes?

Yes

Yes"

Yes

Animal
derived
ingredients?

No
Yes©

Yes©
Yess

Yes'
Yes'
Yes'

Yes'

No

No

No

No

No

Retail price (8)

0.25 EUR per
unit for labora-
tory level vol-
umes, excluding
primary packag-
ing costs

£7 - £10
< £7

£7 - £10

£7 - £10

£7 - £10
< £7
< £7

~ £7l

< £7

£7 - £10

> £7°

$10

Yes
Yes

Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes

Yes

Yes

Neutral

Neutral

Neutral
Acidic
Neutral
Neutral

Neutral
Neutral

Acidic

Neutral

Acidic™

Neutral

Alkaline

Sugar

free?

Yes
Yes

Yes¢

Yes"

Yes
Yes
Yes

Yes

Yes?

Yes

Yes

Yes

Yes

Fluoride
contain-
ing?

No

Yes®

No
No

No
Yes
YesK
YesK

No

No

No

No

Paraben
free?

Yes
No

No

No
No
No
No

Yes

Yes

Yes

Yes

Yes

(1-4h, 4-8h sleeping)
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the economic aspect becomes very important.
As part of the academic Innovative
Project of the Ministry of Education, Science
and Technology of the Republic of Serbia, a
research team from Belgrade produced Salvi-
va® artificial human saliva [15]. The Salviva®,
medical device, is also in the application pro-
cedure as a new technological solution within
the nomenclature of the Ministry of Educa-
tion, Science and Technological Development
of the Republic of Serbia, so this paper does
not state the exact composition of the product.
The main goal of our project is to find artificial
saliva that, in terms of its characteristics, most
closely matches natural saliva, and can be used
for the purpose of substitution according to
indications. Physicochemical tests of IP Salvi-
va® were performed in the laboratory of the In-
novation Center of the Faculty of Technology
and Metallurgy, University of Belgrade. The
target group of users of the results of this in-
novative project are all patients with malignant
tumors of the region - head and neck Sjogren’s
syndrome, conditions with a reduced amount
of natural saliva: menopause, dental prosthetic
works, use of drugs of certain categories. The
logical aspiration is to provide these people
with functionality and quick recovery through
help in realizing and improving the abil-
ity to chew, swallow, speak, laugh. The use of
Salviva® is simple, harmless, and very useful: it
enables patients the physiological function of
chewing, speech and tissue recovery after inva-
sive treatments through direct substitution. Its
composition is compatible with natural saliva,
there are no preservatives and other additives
and there is no possibility of allergic and toxic
effects. With the innovative development of
Salviva®, it is possible to apply drugs with local
and systemic effects, and in this way treat the
patient, which opens a completely new form
of some drugs and reduces their side effects
(cytostics, antibiotics, monoclonal antibod-
ies). The quality of life will be significantly im-
proved, as well as social functionality, which is
very important for the working population.
The medical devices currently avail-
able on the market do not have a precise re-
tention time on the oral mucosa, and Salviva®
maintains the moisturizing effect for 4 hours.
Tests of biocompatibility (does not cause irri-
tation, can be used immediately after surgery,
during radiotherapy, during cytostatic ther-
apy), sterility (can be used immediately after
surgery) and apyrogenicity have given excel-

lent results. The preparation meets the highest
standards of microbiological correctness and
apyrogenicity, which is confirmed by the re-
sults of analyzes from accredited laboratories
of the Military Medical Academy in Belgrade
and the Torlak Vaccine Institute in Belgrade.
This is very important in the postoperative
course of the patient’s recovery. The epidemio-
logical data about diseases / health conditions
indications for Salviva® indicate that solving
this health problem is very important [16].

Aimed at satisfying the unmet need
for a product that serves as an effective saliva
replacement in xerostomia (dry mouth), espe-
cially caused by neck and head cancer and re-
sulting resection, damage or disease of salivary
glands, where treatments like pilocarpine and
other salivary stimulants are ineffective.

Current options in Serbia, such as
Hartmann solution, are ineffective due to lack
of viscosity.

Salviva® is sufficiently viscous and the
content that can serve as natural saliva for 4
hours. Bottle of 200 ml is sufficient for daily
patient needs and the production costs are low
(0.25 EUR per unit for laboratory level vol-
umes, excluding primary packaging costs).

Technical Details:
o Product is categorized as II-A Medical De-
vice;
« Shelf life — 6 months (or one month after
opening);
« Following tests conducted:
o Sterility (6 months);
o Apyrogenicity (6 months);
o Primary cutaneous irritations test
in hamsters (6 months);
o Sensibilization;
o In vitro cytotoxicity test.

Product Characteristics:

« Competitive pricing possible;

o 4 hours of moisturizing effect;

o pH neutral;

o No preservatives (paraben free);

o No relevant competition in Serbia nor re-
gionally (500 ml Hartmann solution is not a
comparable product, but is being used for this
purpose and costs around 1.1 EUR in retail
setting);

o Product can be further developed through
addition of drugs/antibiotics.
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Picture 1. The Salviva®

Market Size:

« Indicated for partial or complete saliva sub-
stitution in:

1) Neck area irradiation;

2) Postoperative conditions — Total or partial
dissection of the neck;

3) Chemotherapy;

4) Mumps;

5) Syndromes — Sjogren, Riley-Day, Plummer
Vinson, Heerfordt;

6) Diabetes;

7) Prosthetic interventions;

8) Heavy metals or drugs intoxication;

9) Cerebral coma;

10) Drug use (atropine, antidepressants, anti-
histamines);

11) Menopausal xerostomia;

12) Dehydration, anxiety, etc.

CONCLUSION

Understanding of saliva and its role in oral
health will help promote awareness among
health care workers regarding the problems
arising when the quantity or quality of saliva is
decreased; this awareness and understanding
is important to the prevention, early diagnosis
and treatment of the condition.

~ SALVIVA

u
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The Salviva® product is the result of
this Innovation Project and is unique in our
market, and competitive in the foreign market,
a substitute-type preparation for human saliva
(Picture 1), by establishing a simple economi-
cally viable aseptic manufacturing technology.

The preparation meets the highest
standards of microbiological correctness and
apyrogenicity, which is confirmed by the re-
sults of analyzes from accredited laboratories
of the Military Medical Academy in Belgrade
and the Torlak Vaccine Institute in Belgrade.

With the further innovative develop-
ment of Salviva®, it is possible to apply drugs
with local and systemic effects, and thus treat
the patient, which opens a completely new
field of application of some drugs and reduces
their side effects and unpleasant effects.

The quality of life of patients as well
as social functionality will be significantly im-
proved, which is very important for the work-
ing population.

The price of Salviva® is significantly
lower than existing products, and the econom-
ic profitability is at a high level.
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KRATAK SADRZAJ

Uvod: Pljuvacka je proizvod sekrecije pljuvacnih zlezda koji se konstantno luci - vlazi
zube i sluznicu usne Supljine. Fizioloske uloge pljuvacke su: odrzavanje vlaznosti,
podmazivanje i fiziolosko ¢is¢enje usne Supljine, enzimska aktivnost (pocetak varen-
ja), bakteriostatsko i baktericidno delovanje, prevencija zubnog karijesa.

Tema: Najozbiljniji zdravstveni problem, koji predstavlja apsolutnu indikaciju za sva-
kodnevnu upotrebu adekvatnog preparata za vlazenje usne Supljine ili supstituciju
pljuvacke, je potpuno, trajno odsustvo lucenja pljuvacke. Salviva® je dovoljno vis-
kozan proizvod koji sadrzi sve komponente da moze posluziti kao prirodna pljuvacka
tokom Cetiri sata. Bocica od 200 ml je dovoljana za dnevne potrebe pacijenta, a proiz-
vodni troskovi su niski (0,25 EUR po jedinici za laboratorijske kolicine, isklju¢ujuci
troskove primarnog pakovanja).

Zakljucak: Daljim razvojem Salvive®, moguce je primeniti lekove sa lokalnim i
sistemskim delovanjem, a samim tim i leciti pacijenta, Sto otvara potpuno novo polje
primene odredenih lekova i smanjuje njihove nezeljene i neprijatne efekte. Kvalitet
zivota pacijenta kao i socijalna funkcionalnost bi¢e znac¢ajno unapredeni, sto je veo-
ma vazno za radno sposobnu polulaciju.

Kljucne reci: saliva, pljuvacka, kserostomija, suva usta, medicinsko sredstvo
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