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WHAT WILL YOU

DISCOVER
IN THE FOLLOWING PAGES?

e Sustained release opportunities in
the food supplements market

e A concrete example of application:
vitamin C

e What SEPISMART™ SR is and the
evidence of its effectiveness

e Why vyou should start using
SEPISMART™ SR
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SUSTAINED RELEASE

Nutraceutical market

and expected to reach

with a CAGR of 7,6%*

Over the past few years, the
importance of

, and above all of, acting on it
in a more preventive way, has been
brought to the forefront. This has

which will probably continue to
grow rapidly in the coming years.

Drivers of the market:

Within this market, despite a trend
towards the diversification of galenic
formats, capsules and tablets remain
references? Sustained release
solutions helping to reach an optimal
performance of these formats are
therefore a way to innovate in this
promising market.

Capsules

36%

24%
Tablets

Figure 1. Market shares of the different galenic
formats
(study across North America and Europe on Vitamins
and Dietary Supplements launches between Jan
2019 and Dec 2021)
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Expected to reach
USD 15,7Bn by 2030,
with a CAGR of 6-7%
(2022-2030)3
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Vitamin C, a key active ingredient
that offers a wide range of benefits,
has seen strong growth since the
pandemic.

With its complex metabolic
pathways, it is a perfect example of
active ingredient requiring sustained
release solutions to ensure optimal
absorption by consumers.




VITAMINC

Boosts A popular and
Imirunity  Powerful beneficial vitamin

antioxidant

Vitamins are essential nutrients and

---------------------- Heart participate in maintaining the
health balance and development of our
body. In humans, also
known as , IS an

essential micronutrient required for

prevents an array of biological functions.

; anemia Although present in some

"9 wo o day-to-day foods, vitamin C is now

o widespread in the growing food

supplement market because of its

Supports multiple health  benefits*. As it

collagen cannot be accumulated in the

formation organism, and that an average adult

Supports dose of is required,

Many  cognitive supplements represent a solution to
more.. health face deficiencies®.

*Population Reference Intake in Europe
(from 1 to 18yo and more, pregnancy and lactation included)

Figure 2. Nutritional needs and health benefits of vitamin C
Seppic property

The physico-chemical properties
of vitaminC

Chemically, ascorbic acid is found in :
L-ascorbic acid and D-ascorbic acid but only
, the natural form, is

Table 1. Vitamin C physico-chemical properties

With chemical formula , it is a
crystallized compound which is found in the
form of an
. White
Vitamin C is a Aspect solid
which favors its circulation and
excretion by the body. It is also a Molecular 176,124
molecule (water, heat, air and light), so it can weight g/mol
be easily altered by a multitude of factors
and by the natural digestive process. Water 333g/L
solubility at20°C

It is therefore important to take into
consideration these different properties
when formulating food supplements to
ensure of ascorbic
acid®.
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A multi-stage path

The journey of vitamin C begins as soon as it is ingested. After going through the
stomach, vitamin C continues its way to the small intestine, where it will be mainly
absorbed due to its high permeability. This step allows the entry and diffusion of the
molecule into the bloodstream, which will then supply the different targeted organs of
the body. Vitamin C is then excreted by the kidneys or reabsorbed through
enterohepatic circulation’.

Vitamin C intake

Intestinal absorption

{

X

Kidneys

Urinary excretion
Distribution to different

targeted organs (muscles, liver,
brain, etc.)

Figure 3. The pathway of vitamin C through the body
Seppic property



INTESTINAL ABSORPTION

3 main stages’
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and to a lesser extent in its i i
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Figure 4. Stages of vitamin C intestinal absorption
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There is a predominant mechanism provided by the
(SVCTs) that are dedicated to the

These transporters are quite similar to each other but are differentially distributed
within the body. In the small intestine, is expressed at the apical side of the
epithelial cell membrane. It enables the active transport of Asc against a
concentration gradient, allowing cumulation in enterocytes.
DHA is transported by through (GLUTSs),
due to their structural similarities. Once inside the cell, DHA can be

in Asc thanks to chemical and enzymatic reduction reactions. At the
intracellular level,

Finally, Asc and DHA can migrate from the enterocytes towards the . This
time, Asc is transported via transporters located at the basolateral membrane.
It also allows the reabsorption of Asc from the plasma to the intestinal epithelium.
DHA, present in small quantities, is again transported in the blood by . DHA
transport is competitively inhibited by glucose. Indeed, an excess of glucose in the
plasma or in the intestine can block the receptor binding site and thus decrease DHA
transport. Within the capillaries, the bloodstream composed mainly of Asc (majority
form found at more than ) will then supply the various organs of the body.

A second minor mechanism also exists. Indeed, both Asc and DHA can, to a lesser
extent, cross the membrane by passive diffusion without transporters according to a
concentration gradient.
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FINAL STEPS AND CHALLENGES

Excretion of vitamin C Bensl
corpusule

Every day, blood is by the

.Indeed, containing Urinary
among other things Asc and DHA excretion
passes through capillaries of the

and is excreted

viathe .
Within the , a

reabsorption phenomenon can
occur  to  maintain  body PO——
homeostasis. Asc is mainly filtration
reabsorbed by active transport by

transporters at the apical
membrane. However, a passive
diffusion phenomenon also
exists.
The reabsorption of DHA seems

due to its very low

concentration in plasma’.

Figure 5. Excretion and reabsorption of vitamin C through kidneys
Seppic property

Food supplements represent an interesting solution to overcome deficiencies and
provide the recommended amounts of vitamin C for the proper functioning of the
body (100mg/day for adults)®. However, the main issue encountered is the
bioavailability of this molecule. For a normal dietary intake, about 70-90% of vitamin C
is absorbed. With higher intakes, usually more than 1g/day, as in the case of dietary
supplements, this rate drops to 50% or less’. This is due to the fact that the body
naturally tends to regulate the quantity of vitamin C in order to maintain its
homeostasis. The regulatory system of vitamin C mainly consists of the saturation of
the transporters at the intestinal level and the increase of the excretion through the
urinary tract when too much vitamin C is absorbed.

In the food supplements market, different release profiles are possible depending on
the active ingredient choice. Immediate release offers a quick release of vitamin C but
raises issues such as the saturation mechanism, the elimination and excretion but
also the associated side effects such as gastrointestinal disorders.

Sustained release provides solutions to these different problems and allows:

An optimal To avoid plasma .
N . ol To reduce quantity
absorption/action concentration peaks
. o . . per dose (less
over timeand a associated with
) : ; . waste and
reduction of daily possible side effects. )
excretion).

intakes.



SEPISMART™ SR

SEPISMART™ SR is a ready-to-use
from

SEPISMART"‘ SR

Xanthan gum

Polysaccharide used for |ts'"'..
viscosity properties

providing the sustained Formulated with active ingredients (Al)
release effect. i in food supplements, it gives a
Acacia gum which allows
Polysaccharide with A

idesl oroportios for / therelease of an effective amount of Al
direct compression over time and at a continuous rate.

o, giving good hardness
*% tablet. o

Figure 6. SEPISMART™ SR composition

How it works

r
The sustained release effect of SEPISMART™ SR is based on the mechanism similar .
to a that is obtained thanks to a specific ratio of xanthan and
acacia gums. Once ingested, the SEPISMART™ SR starts its hydration and
around the core for tablets or around the capsule shell for hard capsules. |
Depending on the Al characteristics, the dissolution will be mainly by for
soluble Al or by in case of insoluble Al.
WORKING AS AN HYDROPHILIC MATRIX Soluble active
w ingredient 3
Gellayer ——> released by
Capsule DIFFUSION 1
shell L]
0c
@ Same
mechanism of
action
with tablets
Polymer hydration Gel layer formation Gel swelling —7 Insoluble active
ingredient
released by
%° SEPISMARTM SR ® Active ingredient % gel EROSION

Figure 7. SEPISMART™ SR mechanism i

Thanks to its mechanism of action, SEPISMART™ SR is as as with
formulations.

Benefits of sustained release actives

INSTANT
RELEASE

e
SUSTAINED
A RELEASE i : .
g I er prevailence o
Enhancing gnerp

undesirable effects in this

and zone

avoiding ] Efficiency zone

Non metabolized
N
@ N fraction

Figure 8. Blood Al concentration curve over time with/without sustained release mechanism
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A PROVEN EFFICIENCY

Methodology | Sampling point
Following USP guideline, the sustained

release effect of SEPISMART™ SR has Ml

been evaluated in vitamin C food Paddle

supplement:

O Capsule sinker
Conditions and pa rameters used: Figure 9. In vitro test with paddle apparatus Il

Dissolution media:
mimic of the gastric

environment (0 to 2 Stirring speed: Dissolution tests
hours at pH 1.2; 2 to 60 rpm performed three times
6 hours at pH 6.8)
Media . Volume: Samples are tak_en (5mL)
Temperature: 37 1000mL of at different time intervals:
C+0.5 dissolution medium 5,10, 15,30, 45,60, 90,

120,180, 360 min

Quantification of vitamin C (HPLC)

Determination of the vitamin C released in the dissolution media is performed using
chromatographic HPLC method with following parameters:

- Chromatographic column: _ . 20°
Zorbax SB-C18 4.6 x 250mm 5 micron Temperature: 30°C
£l P - Flux:1ml/min
EnbeS - Detector: VWD lambda 254 nm

water + 0.1% TFAA Isocratic elution

- Injected volume: 20pL - Analysis time: 6 minutes

Test on Vitamin C chemical stability in the gastric fluid

18% (15% of maltodextrine

Considering the of the ascorbic +3% of Mg stearate)

acid (1.9 g/ml at 37°C at pH 1.2, Class 1 BCS), a
stability study has been carried out. 125mg of
ascorbic acid has been dissolved in 500mL of
gastric fluid reproducing the maximum
theoretical concentration. 54% of Vitamin C

28% of SEPISMART™ SR

Figure 10. Vitamin C food

supplement formula
100 T e

The graph obtained confirms
the sustained release effect of
SEPISMART™  SR. Indeed,
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This release kinetic can be
accelerated by lowering the %
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Figure 11. Dissolution profile of Vitamin C with 28% of SEPISMART™ SR




A UNIQUE SUSTAINED RELEASE

EXCIPIENT

for an infinity of applications

Caffeine

CAFFEINE RELEASED (%)
8

1 2 3 4 5 6
- T“SR0% = ™SR18% = T“SR30% =~ ™SR 79,5%
TIME (H)

@ Figure 12. Evaluation of caffeine release in a capsule with different
percentages of SEPISMART™SR

/

6
- SEPISMART“" SRO % - SEPISMART"“ SR18 % - SEPISMART"”' SR30%
TIME (H)

Figure 13. Evaluation of caffeine release in a tablets with different
percentages of SEPISMART™SR
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Figure 14. Evaluation of melatonin release in a capsules with different
25% SEPISMART™SR

Nota : all the information on pages 7 to 9 comes from studies conducted by Seppic
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KEY FACTS

e Excellent
which
makes it an effective
excipient

Excellent

Wialtelp! makes it
suitable for

% of SEPISMART™ SR

Hard
: capsules

% of caffeine
released after 1 hour
For
SEPISMART™ SR shows a

Adjusting the percentage
of SEPISMART™ SR
allows to

of
caffeine.

SEPISMART™ SR has also
been tested for the
well-known

thanks to its
association

Hormone which

With 25% of
SEPISMART™ SR,

This type of
sustained release kinetic of
melatonin is adapted




SEPISMART™ SF

"Made from nature

Reasoned and sustainable harvest

Xanthan gum Acacia gum

Secure sourcing
inthe
(Africa).

Fermentation of

(maize, sugar beet,
sugar cane).

Gum processed
in France

Gum processed
in Europe

Eco-friendly co-granulation
process using no solvents.
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in a nutshell

Tablets

Suitable with various
galenic options ... ' Coated tablets

Hard-capsules

From natural origin

Non-GMO
g Z 6,\/?0 No additives/
L preservatives

Halal
certified

K
o == osher
certified

... with an unrivalled
safety and quality.

Approves in
EU and US

CUSTOMER DEDICATION

If you want to provide concrete and efficient solutions for your actives with specific
needs, then
SEPISMART™ SR is made for you.

Developed with strong science and with its natural composition, you can only stand
out and offer the most innovative solutions.
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Nota:

The analytical specifications warranted are only those mentioned on the certificate of analysis supplied with each delivery of the product.

Except as set forth above, Seppic* makes no warranties, whether express, implied of statutory, as to the product which is the subject of this document.

Without limiting the generality, of the foregoing, Seppic* makes no warranty of merchantability of the product or of the fitness of the product for any

particular purpose. Buyer assumes all risk and liability resulting from the use or sale of the product, whether singly or in combination with other goods.

The information set forth herein is furnished free of charge and is based on technical data that Seppic* believes to be reliable. It is intended for use by

persons having technical skill and their own discretion and risk. Since conditions of use are outside Seppic*'s control, Seppic* makes no warranties,

express or implied, and assumes no liability in connection with any use of this information. Nothing herein is to be taken as a license to operate under or a

recommendation to infringe any patents.

Air Liquide Healthcare is a world leader in medical gases, home healthcare, hygiene products and healthcare specialty ingredients. It aims to provide
customers in the continuum of care from hospital to home with medical products, specialty ingredients and services that contribute to protecting

vulnerable lives.
*Seppic being
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