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Description

The mnvention generally concerns the preservation of a predetermined dose of
liquid-based substance containing biological material. Such a substance 1s for example diluted
animal semen.

More particularly, the invention concerns the straws for implementing such
preservation.

It 1s known that these straws are conventionally formed by a thin tube, having for
example an inner diameter of 1.6 or 2.5 mm, and by a stopper inserted in the thin tube.

In the filled state, the stopper 1s arranged close to a first end of the tube and the
dose of liquid-based substance 1s arranged 1n the straw between the stopper and the second end
of the tube.

In order to f1ll the straw, the first end of the tube, close to the stopper, 1s placed in
communication with a vacuum source, while the second end 1s placed in communication with
a vessel containing the substance to be introduced into the straw. The air 1nitially contained
between the stopper and the second end 1s sucked through the stopper while the substance
moves forward into the tube until 1t reaches the stopper, which it cannot pass because the
stopper becomes liquid-tight.

If necessary, after filling, the straw 1s welded close to one or both of 1ts ends and 1s
stored cold.

In order to empty the straw, if necessary after cutting the welded end portions and
thawing, a rod 1s 1nserted into the tube via the end closest to the stopper, until 1t bears against
the stopper. Using this rod, the stopper 1s made to slide 1n the manner of a piston towards the
end furthest from the stopper, so that the dose of substance 1nitially contained in the straw 1s
expelled through that end.

Straw stoppers are generally of the three-part type originally described in French
patent 995.878, corresponding to British patent 669,265, 1.e. formed by two plugs made from
a fibrous substance enclosing a powder which, on contact with a liquid, 1s transtormed into an
impermeable paste or gel adhering to the wall of the tube so that the stopper 1s liquid-tight.

European patent application EP 0 873 726 proposes that the stopper be formed by
a single-piece cylinder of hydrophobic microporous material.

French patent applications 2 771 285 and 2 784 572, to which American patent
application US 2001/0014376 and American patent US 6,416,611 correspond, propose that the

stopper be constituted by a stiff insert perforated by a substantially coaxial orifice and a
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hydrophobic microporous membrane combined with the insert in order to seal the insert orifice
on the 1nside.

French patent applications 2 824 2355 and 2 824 256, to which American patent
applications US 2002/0183653 and US 2002/0188222 correspond, propose to add to the
stopper, besides the powder and fibres, non-absorbent elements, namely a core made from
thermoplastic material, covered with a sleeve made from braided threads, and non-absorbent
material 1in dispersed form, 1n the powder.

Document FR 2 810 535 discloses a method of filling with semen a storage straw
comprising a stopper placed between two buffers. In this state of the art, reference 1s made to
the use of an extender, that 1s to say a non-spermicidal and non-adherent liquid medium,
ensuring the preservation and/or nutrition of the semen. Examples of such extenders are based
on citrate, egg yolk and glycerol. Where appropriate, it may also contain calcium ions capable
of gelling more rapidly the powder of the stopper when i1t 1s alginate.

The mnvention 1s directed to limiting the loss, 1n the stopper of such a straw, of the
product of interest contained 1n the liquid-based substance, for example spermatozoids 1t the
substance 1s diluted semen.

To that end the invention provides a system for the preservation of biological
material, characterized 1n that it comprises:

- astraw for the preservation of a predetermined dose of liquid-based substance
containing said biological material, comprising a tube extending between a first end and a
second end and comprising a liquid-tight, gas-permeable stopper, which stopper 1s disposed 1n
the tube close to its first end and extends between a first end facing towards the first end of the
tube and a second end facing towards the second end of the tube, said stopper comprising in
the 1nitial empty state of said straw a member impregnated with a reagent at least in the
neighborhood of a first end facing towards the second end of the tube; and

- a liquid dilution extender to give by mixing, in predetermined conditions, said
liquid-based substance;

said reagent and said liquid dilution extender being configured such that on contact
of said substance with the first end of the impregnated member, 1t forms a hydrogel.

For example, the primary product contained in the dilution extender 1s an alginate
in solution, and the reagent contained in the stopper of the straw 1s formed by multivalent
cations.

It 1s known that 1n an aqueous medium, multivalent cations have the capacity to

cross-link alginates.
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Therefore, 1t the liquid-based substance contains an alginate, in contact with the
second end of the stopper of the straw, the substance thickens and forms a matrix or network
which cannot be traversed by the product of interest, for example spermatozoids, which cannot
therefore penetrate into the stopper where 1t would be lost.

The system according to the invention thus makes it possible to limit the loss of the
product of interest 1n the stopper of the straw.

It will be noted that it 1s possible to add an alginate to a liquid-based substance 1n
a proportion such that the alginate can react with the multivalent cations as has just been
indicated, without this addition influencing the viscosity of the liquid-based substance or else
influencing that viscosity minimally. Therefore, this addition has little or no influence on the
product of interest contained in the substance, for example spermatozoids. Similarly, this
addition has little or no influence on the cooperation of the liquid-based substance with the
straw, apart from the above-mentioned cross-linking of the alginate.

It will be noted that the impregnation of the stopper of the straw at least in the
vicinity of the second end by multivalent cations 1s a relatively simple operation to carry out.
The straw of the system according to the invention 1s thus simple, convenient and economic to
produce.

According to advantageous features:

- said multivalent cations are divalent cations:

- said divalent cations comprise barium Ba™™ cations;

- said divalent cations comprise calcium Ca™™ cations;

- said stopper comprises two plugs made from a fibrous substance enclosing a
sealing agent formed by a powder which, on contact with a liquid, transforms into an
impermeable paste or gel adhering to the wall of the tube so that the stopper 1s liquid-tight;

- 1n the stopper of the straw, the plug situated towards the second end of the tube
forms said impregnated member, said first end of the impregnated member forming said second
end of the stopper;

- said stopper comprises a gas-permeable, liquid permeable barrier plug extending
between a first end facing towards the first end of the tube and a second end facing towards the
second end of the tube, the first end of the impregnated member and the second end of the
barrier plug being disposed against each other;

- the barrier plug 1s hydrophobic; and/or

- said impregnated member 1s a plug entirely impregnated with divalent cations.
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Advantageously, said liquid-based substance 1s diluted animal semen and said
alginate 1s 1n a concentration comprised between 0.1 and 6 g/1; and still more advantageously
in a concentration comprised between 2.5 and 5 g/l.

It will be noted that 1n the system according to the invention, it 18 possible for the
hydrogel formed to be different from an alginate-cation multivalent matrix or network. For
example, the primary product contained 1n the dilution extender 1s different from the alginates,
for example a pectin, and/or the reagent contained in the stopper of the straw 1s different from
multivalent cations, for example an acid.

The disclosure of the invention will now be continued with the detailed description
of embodiments, given below by way of 1llustrative and non-limiting example, with reference
to the accompanying drawings, in which:

- Figure 1 1s a diagrammatic view 1n longitudinal cross-section of a straw of a
system according to the invention, in the empty state;

-  Figure 2 1s a view similar to Figure 1 but showing the straw in the filled state;

- Figure 3 1s an enlargement of the part of Figure 2 situated around the end of the
stopper which can be seen to the right;

- Figure 4 diagrammatically illustrates a bottle containing a liquid dilution
extender, a container containing pure animal semen and a container containing diluted animal
semen obtained by dilution of that semen with that extender; and

- Figure 5 1s a partial view of a variant of the straw, in which the stopper further
comprises a barrier plug.

The straw 10 1llustrated 1n Figure 1 comprises a tube 11 and a stopper 12.

The tube 11 1s conventionally made from extruded plastic material, here
transparent, with an inside diameter for example of 1.6 or 2.5 mm and a length of the order of
133 mm.

The stopper 12 1s of the three-part type, 1.e. formed by two plugs 13 and 14 made
from a fibrous substance, for example of braided threads, enclosing a sealing agent 20 formed
by a powder (Figure 1) which, on contact with a liquid, 1s capable of transforming into an
impermeable paste or gel 15’ (Figure 2) adhering to the wall of the tube 11 so that the stopper
12 1s liquid-tight.

In the 1nitial state, shown in Figure 1, the stopper 12 1s disposed in the
neighborhood of the end 16 of the tube 11 and it 1s provided that in the filled state, the dose of
liquid-based substance which must be preserved in the straw 10 1s disposed between the stopper

12 and the end 17 of the tube 11 that 1s the furthest from the stopper 12.
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In order to fill the straw 10, the end 16 1s placed in communication with a vacuum
source while the end 17 1s placed in communication with a vessel containing the substance to
be introduced 1nto the straw.

The air in1tially contained between the stopper 12 and the end 17 1s sucked through
the stopper 12 while the substance 21 (Figure 2) moves forward in the tube 11 until 1t
encounters the stopper 12, by the end 18 thereof that faces towards the end 17 of the tube 11,
that 1s to say the end of the stopper 12 that can be seen on the right in Figures 1 and 2.

The straw 10 1s then 1n the filled state shown 1n Figure 2.

If necessary, after filling, the straw 1s welded 1n the neighborhood of one or both
of 1ts ends 16 and 17 and 1s placed 1n cold storage.

To empty the straw 10, if necessary after cutting the welded end portions and
thawing, there 1s inserted into the tube 11 a rod which comes to bear on the end 19 of the
stopper 12 (which end 1s situated on the opposite side to the end 18).

Using this rod, the stopper 12 1s made to slide in the manner of a piston towards
the end 17 or the end which corresponds after cutting the welded portion, which causes the
expulsion of the dose of substance 21 which had been introduced 1nto the straw.

With reference to Figure 3, a description will now be given in more detail of the
plug 14 of the stopper 12 of the straw 10 and of the zone situated in the neighborhood of its
end 18 when the straw 10 1s 1n the filled state shown 1n Figure 2.

The plug 14 is impregnated by divalent cations 22, here cations of barium, Ba™.

The substance 21 here 1s diluted animal semen which contains an alginate.

It 1s known that 1n an aqueous medium, divalent cations such as the cations 22,
have the capacity to cross-link alginates such as the alginate 23.

Thus, when the substance 21 came into contact with the end 18 of the stopper 12,
the substance 21 thickened and formed a matrix or network 24.

The matrix or network 24 1s such that the spermatozoids 25 contained in the
substance 21 cannot traverse the matrix or network 24.

Therefore, the spermatozoids 25 cannot penetrate into the stopper 12, where they
would be lost.

Here, the plug 14 1s entirely impregnated with divalent cations 22, for reasons of
convenience of manufacture.

For example, the plug 14 1s manufactured from a section of a braided wick which
had been soaked 1n a saturated solution of barium salt then removed from the bath and placed

to dry before being cut up into sections one of which forms the plug 14.
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As a variant, only the region near the end 18 1s impregnated with divalent cations
22.

Figure 4 shows a bottle 26 containing a dilution extender 27, a container 28
containing pure animal semen 29 and the same container 28 containing diluted animal semen,
forming the substance 21, obtained by dilution of the pure animal semen 29 with the dilution
extender 27.

It 1s clearly understood that the dilution extender 27 has not yet been mixed with
pure semen, and 1s thus distinct from diluted semen.

The dilution extender 27 1s for example that commercialized by the applicant under
the name OptiXcell.

The dilution of the pure semen 29 by the extender 27 1s carried out in predetermined
conditions, 1n particular as regards the dilution ratio, that 1s to say the ratio between the total
volume of the diluted semen 21 and the volume of the pure semen 29.

The dilution extender 27 contains the alginate 23, which has been selected to cross-
link 1n contact with divalent cations 22 1n order to form the matrix or network 24. which 1s thus
a thickened zone of the diluted semen 21.

A range of concentration which 1s particularly suitable 1s the range from 0.1 gto 6
g of alginate per liter of dilution extender 27. A particularly advantageous range extends
between 2.5 g/l and 5 g/l.

For example, with a concentration of alginate of the order of 2.5 g/l the proportion
of liquid-based substance lost in the stopper 12 1s from 3 to 4 %; and with a concentration of
the order of 5 g/l, the proportion of liquid-based substance lost 1in the stopper such as 12 1s of
the orderof 1 a 3 %.

It will be noted that this proportion of liquid lost 1n the stopper 1s determined by
calculating the difference between the quantity of liquid-based substance introduced into the
straw until the stopper 12 becomes fluid-tight and the quantity of liquid which the straw can
return by sliding the stopper 12 as explained above.

It will be noted that in Figures 2 and 3, the matrix or network 24 1s shown only 1n
the vicinity of the end 18 of the stopper 12.

According to the concentration of the extender 27 in alginate, instead of having a
localized presence of the matrix or network 24, as illustrated in Figures 2 and 3, the matrix or

network may extend to a relatively great distance from the end 18 of the stopper 12.
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The variant of the straw 10 shown in Figure 5 1s similar to the straw 10 shown 1n
Figures 1 to 3 apart from the fact that the stopper 12 further comprises a barrier plug 30 towards
the end 17 of the tube 11.

The barrier plug 30 extends between an end 31 facing towards the end 17 of the
tube 11 and an end 32 facing towards the end 16 of the tube 11.

In the straw 10 shown 1n Figures 1 to 3 the end 18 of the stopper 12 facing towards
the end 17 of the tube 11 forms part of the plug 14. In the variant of the straw 10 shown in
Figure 35, the end 18 forms part of the barrier plug 30 and the plug 14 has, on the side facing
towards the end 17, an end 33 distinct from the end 18.

The end 33 of the plug 14 and the end 32 of the barrier plug 30 are arranged against
each other.

The barrier plug 30 1s fibrous. It 1s gas-permeable and liquid-permeable.

The straw 10 shown 1n Figure 5 1s used 1n the same way as the straw 10 shown 1n
Figures 1 to 3.

On filling, the substance 21 traverses the barrier plug 30 and encounters the plug
14 by 1ts end 33 that faces towards the end 17 of the tube 11. In the same way as for the straw
10 shown 1n Figures 1 to 3, the substance 21 thickens and forms the matrix or network 24.

The barrier plug 30 enables the matrix or network 24 to remain 1n the stopper 12:
the barrier plug 30 prevents the passage of the matrix or network 24 to the substance 21.

The barrier plug 30 1s here a braid formed by threads arranged in a core and a cover
surrounding the core.

Each thread 1s hydrophobic. Therefore, the barrier plug 30 1s hydrophobic, and thus
has a water-repellant effect.

This repellant effect does not prevent the substance 21 from passing through the
barrier plug 30 and reaching the impregnated plug 14, since in practice the substance 21 comes
up against the stopper 12 with a certain speed.

During the passage of the substance 21 1nto the barrier plug 30, the threads forming
it do not absorb liquid; and after the passage of the substance 21 1s blocked by the stopper 12,
the barrier plug 30 does not keep the liquid situated 1n 1ts interstices but returns 1t into the dose
of liquid substance situated between the end 31 of the barrier plug 30 and the end 17 of the
tube 11.

As a result, there 1s no consumption, or very reduced consumption, of liquid

substance by the barrier plug 30.
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In a variant not 1llustrated, in particular when the concentration of alginate in the
dilution extender 27 1s relatively high, the three-part stopper 12 1s replaced by a stopper formed
only by a plug such as the plug 14.

In a variant not 1llustrated, the stopper 12 1s arranged ditferently, for example made
from a one-piece cylinder of hydrophobic microporous material such as described in European
patent application EP 0 873 726.

In variants not illustrated, the divalent cations 22 formed by barium ions Ba™ are
replaced by other divalent cations, for example calcium Ca™ or magnesium Mg™™ cations.

In variants not illustrated, the divalent cations 22 are replaced by multivalent

[+

cations other than divalent ones, for example trivalent cations such aluminum A or

T+ cations.

chromium Cr

In variants not illustrated, the alginate-multivalent 1on matrix or network 24 1s
replaced by another hydrogel, that 1s to say a network or matrix of polymer chains swollen by
the liquid-based substance, for example a pectin-multivalent cation matrix or network (the
alginate of the dilution extender 1s replaced by pectin); and/or the reagent impregnating a
member of the stopper 1s different from multivalent cations, for example an acid.

In other variants not 1illustrated, the liquid-based substance containing the
biological material 1s different from diluted animal semen, for example a preservation medium
containing embryos.

Numerous other variants are possible according to circumstances, and in this

connection it 1S to be noted that the invention 1s not limited to the examples described and

shown.
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Patentkrav

1. System til konservering af en biologisk substans, kendetegnet ved, at det omfatter:
- et stra (10) til konservering af en forudbestemt dosis af en vaskebaseret substans
indeholdende det biologiske materiale, omfattende et rgr (11), der straekker sig
mellem en fgrste ende (16) og en anden ende (17), og som omfatter en gaspermeabel
og vasketat prop (12), hvilken prop (12) er placeret 1 rgret (11) 1 nerheden af dets
fgrste ende (16) og strekker sig mellem en fgrste ende (19), der vender ind mod den
fgrste ende (16) af rgret (11), og en anden ende (18), der vender ind mod den anden
ende (17) af rgret (11), hvor proppen (12) 1 straets (10) tomme udgangstilstand
omfatter et element (14), der er impragneret med et reagens (22), 1 det mindste 1
naerheden af en fgrste ende (18; 33), der vender ind mod den anden ende (17) af rgret
(11); og
- et flydende fortyndingsmedium (27) til ved blanding, pa de forudbestemte
betingelser, at tilvejebringe den vaskebaserede substans (21);

hvor reagenset (22) og det flydende fortyndingsmedium (27) er saledes udformet, at der ved

kontakt mellem substansen (21) og den fgrste ende (18; 33) at det impraegnerede element (14)

dannes en hydrogel (24).

2. System 1fglge krav 1, Kendetegnet ved, at reagenset er dannet af multivalente kationer.

3. System 1fplge krav 2, Kendetegnet ved, at de multivalente kationer er bivalente kationer.

4. System ifglge krav 3, kendetegnet ved, at de bivalente kationer omfatter barium Ba™*-

kationer (22).

5. System ifglge krav 3, kendetegnet ved, at de bivalente kationer omfatter calcium Ca™-

kationer.

6. System 1fglge et af kravene 1 til 5, kendetegnet ved, at proppen (12) omfatter to propper
(13, 14) af et fibrgst materiale, som indeslutter et forseglingsmiddel (20) dannet af et pulver
(15), som ved kontakt med en vaeske omdannes til en impermeabel pasta eller gel (15'), der

kleber til veggen i rgret, saledes at proppen er vasketaet.
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7. System ifglge krav 6, kendetegnet ved, at, i straets (10) prop (12), proppen (14), der er
placeret pa siden af den anden ende (17) af rgret (11), danner det impraegnerede element,

hvor den tgrste ende (18) at det impregnerede element danner den anden ende at proppen.

8. System 1fglge et af kravene 1 til 6, kendetegnet ved, at proppen (12) omfatter en
gaspermeabel og vaskepermeabel barriereprop (30), som straekker sig mellem en fgrste ende
(31), der vender ind mod den fgrste ende (17) af rgret (11), og en anden ende (32), der vender
ind mod den anden ende (16) af rgret (11), hvor den fgrste ende (33) af det impragnerede

element (14), og den anden ende (32) af barriereproppen (30) er placeret mod hinanden.

9. System 1fglge krav 8, kendetegnet ved, at barriereproppen (30) er hydrofob.

10. System 1ifglge et af kravene 1 til 9, kendetegnet ved, at det impraegnerede element er en

prop (14), der er helt impragneret med bivalente kationer (22).

11. System ifglge et af kravene 1 til 10, kendetegnet ved, at det flydende
fortyndingsmedium (27) indeholder et alginat (23) 1 oplgsning.

12. System 1fglge krav 11, kendetegnet ved, at den vaeskebaserede substans er den

fortyndede dyresad, og alginatet er 1 en koncentration pa mellem 0,1 og 6 g/I.

13. System ifglge krav 12, kendetegnet ved, at alginatet er 1 en koncentration pa mellem 2,5

og S5 g/l.

14. System 1fglge et at kravene 1 til 13, kendetegnet ved, at hydrogelen er en/et alginat-

multivalent-matrix eller -netveaerk.
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