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The invention relates to a tube, referred to as a small straw­
like tube portion, for cryogenically preserving biological sanples, in 
particular viral cultures, fo.r.med by a tubular casing portion of 
substantially transparerit, biologically neutral polymer material and 

5 provided with a seal at each of its two ends and cat1prising in the 
vicinity of a first end a sliding stopper canprising an aque6us gel 
between two plugs of porous elastic material. 

The invention also relates to a process for filling a tube or 
10 small straw-like tube.p::>rtion of that kind. 

This type of small straw-like tube portion 'Which is fonned by a 
casing portion which is about twelve centimetres long and about three 

U millimetres in diameter, with a wall thickness of sane tens of 
15 millimetres, has long beeD. known: the sliding stopper which is also 

referred to as a three-part plug .means was described in the document 
FR-A-995 878 of 20th Septembei 1946. Since then various :improvements 
have been made therein, which related essentially to the end seals, in 
conjtmction with the polymer material fran which the casing is 

20 extruded. In fact the closure process must afford effective sealing 
integrity, it must not involve any excessive risk of deterioration in 
regard to the biological sample contained in the tube portion and, at 
least for sane applications, . it must be adapted to the manipulations 

~· requiJ:ed for such applications (preservation and use of gametes and in 
25 vitro fertilisation). 

Moreover the choice of casing material was guided by 
considerations concerning canpatibility with the biological 
substances, transparency and ease of shaping. In practice all 

30 materials which ca.npris~ plasticising agents· that are likely to 
migrate will be excluded. 

The document FR-A-2 128 374 described a sealing effect involving 
ultrasonic welding of straw-like tube portions of a material which is 

35 not specified. The welding operation is ca:cried oot between jaws of 
c:cq>l.ementm::y V-shapes, one being connected to·· the ultrasound 
generator and the other fomting an anvil: that therefore results in a 
seal which is inscribed. in the cylinder which corresponds to the. shape 
of the tube on the outside. 

40 
The docum:mt FR-A~2 592 1?1 describes a closure process 

involving the injection of a heat-fusible material .in the pasty state 
in the interior of the end of the tube: the straw-like tube portion is 
of polyvinyl chloride and the.heat.;.fusible material is a mixture of a 

45 polyolefin and an ethylene and vinyl acetate copolymer. 



=i~ ."! ··· ..... 

2 

The docunent FR-A-2 618 452 describes a straw-like tube ix>rtion 
which is closed off at the end opposite to that which adjoins the 
sliding stopper by a plug member of elastaner which is capable of 
being pierced by a needle and ranaining sealed after the needle has 

5 been withdrawn. The elastaner plug member is either introduced by 
force or fo:r:med in situ by vulcanisation of a suitable canposition. 

The document FR-A-2 623 205 describes a straw-like tube ix>rtion 
for fertilisation which does not canp:tise a sliding stopper and which 

10 is provided at each end with a·plug member of self-sealing elastaner. 

The progress in microbiology has given rise - to an extension in 
the aroount of use of such straw-like tube ix>rtions, in cor.relation 
with work relating to biological samples which are sanetimes rare and 

15 often dangerous, in particular in the case of viral cultures. It 
became absolutely imperative to revise the design of ttie straw-like 
tube ix>rtion and in particular the end seals thereof in order on the 
one hand to avoid the use of injection needles which are likely to 
cause wounds on the part of the personnel called upon to operate them, 

20 and facilitate autanation of the operations of filling and recovering 
the samples, and on the other hand in o:rder severely to l:imit the risk 
of a loss of sealing integrity on the part of the filled straw-like 
tube portions under the effect of stresses and themial shocks linked 

25 
to freez:ing by inmersion in liquid nitrogen and rapid defrosting. 

Although the current straw-1.ike tube ix>rtions have a failure 
rate under cryogenic conditions which is acceptable in tenns of 
current work, that failure rate becanes excessive insofar as the 
failure of a filled straw-like tube portion can cause a research 

30 progranne to.fail or the risks of :infection due to leakage of a sample 
are of a dranatic character. 

The applicants therefore set themselves the aim of prov.iding a 
tube or straw-like tube portion which would affo:rd a considerably 

35 enhanced degree of reliability in regard to cryogenic preservation, 
incltrling in the sealing zones, and which could be easily filled and 
sealed on an autanatic assembly which would not involve handling on 
the part of an operator. 

40 The applicants consider that they have attained that aim by 
pzoposing a tube, referred to as a small straw-like tube portion, for 
cryogenically preserving biological sanples, in particular viral 
culture, fo:r:med by a calibrated tubular casing ix>rtion of 
substantially :transparent, biologically neutral polymer material and 

45 provided with a eeal at each of its two ends and canprising in the 
vicinity of a first end a sliding stopper canprising an aqueous gel 
between two plugs of porous elastic material, characterised in that 
the polymer material is an ionaner resin, the end seals being fonned 
by. autogenous welding of the tube over a l:imited axial extent. 
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;:- The ionaner resins which are . fonned by the association of a 
copolymer of ethylene and carboxylicacid with a metal cation have the 
property of behaving like a themloplastic material above a transition 
terrperature zone which is in the range of fran 40 to 90° while below 

5 that transition zone they behaVe like a cross-linked material, the 
metal cations fonning transverse bonds between straight copolymer 
chains. · The transfonnation is reversible. Autogenous welding of the· 
tube is a simple and effective operation above the transition 
terrperatures: cooling after welding induces only few internal 

10 tensions, solidification of the resin by ionic cross-linking not being 
accanpanied by substantial variations in volume. 

Ionaner :resins of that kind.were described in French patents Nos 
l 336 164, 1 350 608 and 1 430 4 78 lodged by the canpany Dupont de 

15 Nanours on 28th August 1962, 23:rd January 1963 and 26th February 1965 
::respectively. Those resins are marketed l.lllder the trade mark 'Surlyn' • 

Most solids have an embrittlement temperature below which creep 
flow is practically inhibited. T.hemloplastic polymer materials are in 

20 general highly sensitive to embrittlement in the cold condition, in 
particular when they do not c~ise any plasticising agent. Now, 
ionaner resins have very low embrittlement temperatures, always.below 
2l3K, and for most of them lower than l73K. For certain 'Surlyn' 
resins it has not been possible to daronstrate any embrittlement 

25 terrperature. 

It will be appreciated that operations involving the handling of 
conventional straw-like tube portions when cooled to the temperature 
of liquid nitrogen, 77K, are delicate and are poorly suited to 

30 autanatic manipulation. In addition, if internal stresses still remain 
in ·the welds, cracks and splits may occur in the seal. Those 
difficulties· are attenuated or disappear with the straw-like tube 
portions acco:rding to the invention. 

35 The cross-linked structure· of the 'Surlyn' resins at ambient 
terrperature imparts attractive mechanical behaviour to the straw-like 
tube portions: the straw-like tube portions do not have a·tendency to 
creep flow under their own weight and they remain straight. The 
position of the ends of the straw-like tube portions, when placed on a 

40 suitable support, will be precise, and the. introduction of a needle or 
a conical nozzle for the filling operation is thus made easy without 
the need for the intervention on the part of operators, even on an 
occasional basis. 

45 It will be noted that conventional straw-like tube portions have 
been satisfacto:cy over a long period, the losses of sealing integrity 
due to the seals breaking or cracks due to embrittlement appearing to 
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-: be canpatible with the acceptable level of inevitable errors and 
handling accidents. It is only recently that the need to lOW"er the 
thresholds in tenns of acceptable levels of waste and rejects led the 
applicants to analyse the causes of possible accidents in order to 

5 remedy same. It can be supposed th.at originally the manufacturers of 
straw-like tube portions chose the materials which are nonnal in the 
industry of biological laborato.i:y materials, the behaviour of which 
was known, both in regard to biological samples and cryogenic uses. 

10 It will be appreciated that the 'Surlyn' resins have suitable 
qualities of transparency and biological neutrality. It will also be 
noted that those resins accept marking inks, which" makes it possible 
to identify the filled tube portions without the risk.of error. 

15 Preferably the ionaner resin will be of the type which is 
marketed tmder the name 'Surlyn' 8921. That resin canprises a sodium 
metal cation . and it has not been possible to dete:rmine an 
anbrittlement temperature thereof. In relation to the transition · zone 
the temperature of bending under load of 0.46 MPa is 45°C, the VICAT 

20 temperature (speed B) is 48°C, the melting temperature is 84°C and the 
solidification temperature is-52°C. 

In another aspect the invention proposes a process for filling a 
tube referred to as a small straw-like tube portion for ccyogenically 

25 preser:ving biological samples, in particular viral culture, fonned by 
a calibrated tubular casing portion of substantially. transparent, 
biological neutral polymer material, in which process a slj,ding 
stopper is set in position in the vicinity of a first end of the tube 
by successively inserting a first porous elastic plug, a quantity of 

30 powder capable of gelling upon caning into contact with an aqueous 
phase, and then a second porous elastic plug, the stopper being pushed 
beyond a zone of the tube which is reserved for the seal for the first 
end, the biological sarrple is injected into the previously sterilised 
tube through the second end and beyond a zone reserved for the seal 

35 for said end while the abnosphere in the tube is evacuated through the 
stopper.and the first end until the aqueous phase passing through the 
first plug causes gelling of the powder and therefore sealing 
.integrity of the stopper, characterised .in th.at, the tubular cas:ing 
being fonned by an ionaner resin, the ends of the tube are sealed by 

40 crushing the tube in the reserved zones in such a way as to apply two 
parts of the internal peripheral Jayer of the tube against each other 
and raising at least said two parts to a sufficient tenperature for 
them to fuse. 

45 The use of an ionaner res:in for the b.tnlar casing, besides the 
specific advantages afforoed by the resin.for the tube referred to as 
a straw-like tube portion for ccyogenically preser:ving a biological 
sample, makes it possible to car.ry out the sealing operation in a 
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• simple manner which is easy to autanate, without the risk of causing 
deterioration of the content by overheating of the sanple, while 
ensuring sterilisation of the 'lllo'eld joint in the true sense, by virtue 
of the temperature at which autogenous welding is effected (in the 

5 range of 90°C to ll0°C)~ 

10 

· Further features and the advantages of the invention will becane 
apparent fran the following description by way of excmple with 
:reference to the accarpanying drawings in which: 

Figure 1 is a partly sectional view of a tube or straw-like tube 
portion acco:rding to the invention, · 

Figure 2A is a view of a first procedure for filling a straw-
15 like tube portion, 

20 

25 

30 

Figure 2B is a view of an alternative fonn of the filling 
operation, 

Figure 3A shows a procedure for -sealing a straw-like tube 
portion, 

Figure 3B is a view in longitudinal section of a filled and 
sealed.straw-like tube p:>rtion, 

Figure 4 is a diagramatic el.evational view of a bed for filling 
and sealing straw-like tube p:>rtions, 

Figure 5 is a plan view of the bed shown in Figure 4, 

Figures 6A and 6B are views in two orthogonal planes of a first 
type of seal, 

Figures 7A and 7B are similar views of a second type of seal, 
35 and 

Figures 8A and 8B are similar-views of a third type of seal. 

In the embodiment selected and shown in Figure l ·a tube 1, 
40 :referred to as a straw-like tube portion, is provided for 

ccyogenically preserving . biological sarrp!es, in particular· viral 
cultures, at the temperature of liquid nitrogen, nanely 77K. It is 
designed to ensure a high degree of safeguard against leakage of 
samples in spite of the stresses produced by the low temperatures and 

45 to pennit autanatic handling, in particular in the filling operation, 
in order to minimise the danger of .infection to the personnel using 
it. The tube 1 canprises a tubular casing 10 produced by extrusions 
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• of an ioncmer resin marketed by the canpany Dupont de Nemours under 
the trade mark 'Surlyn' 8921. The properties of that resin and in 
particular its lack of~ at 77K and above have been referred 
to above. 

5 The tube is of a length, prior to filling, of 90 mn, an outside 
diameter of about 3 mn and an inside diameter of 2.5 mn. 

Conventionally the tube 1 contains a sliding stopper 2 in the 
vicinity of an end 11 which will be referred to as the ·first end. The 

10 stopper canprises on respective sides of a quantity 20 of hydrophilic 
polyvinyl alcOhol powder which is capable of gellfug upon caning into 
contact with an aqueous phase, two porous plugs 20 and 21 fonned by 
portions of interwoven cotton roving. The length of the stopper is 
about 18 mn, each of the elements 20, 21 and 22 occupying a length of 

15 about 6 mn. The useful internal volume is 250 Jll. Calibration of the 
tubular casing 10 upon extrusion and in particular calibration of the 
internal section thereof permits reproducibility of the internal 
dianeter. 

20 The operation of filling the straw-like tube portion is 
illustrated in Figure 2A. The tube 1 which has been previously 
sterilised is engaged between two frustoconical nozzles 41a and 42a 
which respectively pass into the ends 11 and 12: the frustoconical 
shape of the nozzles 4la and 42a, catibined with a tightening force 

25 towards each other, ensures sealing integrity of the connection. The 
nozzle 41a, at the ·end of a conduit 41, is connected to a reduced­
pressure reservoir 'While ·the nozzle 42a is at the end of a conduit 42 
which is inmersed in a test tube 35 containing the biological sample 
30. 

30 
The atrrosphere in the tube 1 is evacuated through the sliding 

stopper 2 and the biological scmple 30 is drawn in thrriugh the tube 42 
and passes into the tubular casing 10 until it reaches the stopper 2. 
The biological scmple 3 infiltrates into the plug 21 and canes to 

35 hydrate the powder 20 which foms an :i.mpenneable gel by virtue of 
hydration thereof. The filling operation is thus stopped. When the 
nozzles 4la and 42a are·withdrawn the biological sarrple 3 remains in 
the fonn of a continuous colum and -the end 12, over the depth of 
penetration of the nozzle 42a, does not contain any sample and remains 

40 available for the subsequent seal, as the end _ll, which has not been 
reached by the sample. 

· It will be appreciated that the relative rigidity of the tube 1 
of 'Surlyn' at ambient tenperature permits the casing 10 to be 

45 subjected to longitudinal c:cmPression as is required. to achieve 
sealing integrity and that·th.e maintenance of a precise shape without 
flexing below the trans·ition zone of the ionaner resin permits the 
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precise autanatic introduction of the nozzles 4la. and 42a into the 
ends 11 and 12 of the straw-like tube portion 1. 

The arranganent shown in Figure . 2B is similar to that shown in 
Figure 2A except however that the tubes 41 and 42 are replaced by 

5 capillacy tubes 45 and 46 which are fixed in grippers 45a and 46a. 
Sealing integrity as between the tubes 45 and 46 and the ends 11 and 
12 is ensured by elastaner plug members 47 ·and 48 which are fitted 
over the capillacy tubes 45 and 46 and which bear at the end against 
the end faces 11 and 12 of the straw-like tube portion 1. 'Ihe filling 

10 procedure is unchanged. It will be noted however that the capillacy 
tube 46 penetrates sufficiently deeply into the erid 12 of the ·straw­
like tube portion 1 for that end 12 to ranain empty . over a length 
substantially corresponding to the depth of engagement of the plug 22 
into the end ll. 

15 
The straw-like tube portion 1 filled with biological smple 3 is 

then sealed as illustrated in Figure 3A. 

The ends ll and 12 are clamped between pairs of jaws 6la, 6lb: 
20 62a, 62b until the tubular casing is sufficiently crushed for the 

opposed parts of the internal surfaces of the ends 11 and 12 to cane 
into contact. The pairs of jaws 6la, 6lb: 62a, 62b are heated to a 
temperature such that the ionaner resin melts between the jaws and the 
opposed parts which are in contact fuse. 

25 

30 

It will be recalled that the ionaner resin selected has a 
melting temperature of 84°C and that the transition zone between the 
heat-fusible state and the cross-linked state is between 45° and 60°C 
approximately. 

After sealing the straw-like tube portion 1 is substantially of 
the appearance shown in Figure 3B, with flattened sealing zones ll. l 
and 12 .. 1 at the two ends ll and 12. It will be noted that a gas bubble 
12a remains between the sealing zone 12.1 and the end of the colunn 3 

35 of biological. sanple. Besides. the·· fact that in known manner the gas 
bubble 12a prevents the straw-like tube portion fran rupturing, 
freezing of the sarp1e being accanpanied by an increase in volume, in 
the sealing operation the ·bubble 12a prevents contact fran occurring 
between the heated zone 12~1 and the ·biological sample which could 

40 otherwise be adversely affected. 

It will be noted that on the other hand, if traces of biological 
sanple bad extended between the ends ll and 12 of the straw-like tube 
portiOn, the organic materials of such traces would be essentially 

45 destroyed at the melting temperature of the resin, with sterilisation 
of the accessible ends. 
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Referring to Figures 4 and 5 which show a filling bed it will be 
seen that the bed 100 canprises recesses 101, 102, 103 and 104 for 
fitting the straw-like tube portions in position. A conveyor member 
120 is operable periodically to lift the straw-like tube portions, 

5 then displace tll.ari towards the left by a length between recesses, move 
than downwardly into the corresponding :recess, and move away to begin 
transportation again after a chosen period. 

The sterilised straw-like tube portions are deposited in a 
10 vertical loader lOla, the lower straw-like tube p:>rtion engaging into 

the recess 101 or loading recess. After transfer into the :recess 102 
at the filling position, nozzles 14la and 142a are ·rrovea. towards each 
other in order to be introduced into the ends of the straw-like tube 
p:>rtion, the filling operation being effected as -described with 

15 reference to Figure 2A. 

20 

After filling the straw-like tube portion 10 is transferred into 
the recess 103 where it is welded by heated jaws 16la, 16lb: 162a, 
162b, by the ·procedure described with :reference to Figure 3A. 

After that the straw-like tube portion 10 is transferred into 
the recess 104 where it is subjected to a marking operation. A marker 
lll bearing characters in :relief is inked by the passage of an inking 
roller coupled to a rotary duct plate 113. A transfer pad 110 :receives 

25 the mark fonned by the marker lll in a withdrawal movement and, in an 
advance movement, applies the mark to the straw-like tube portioo 10 

V in the recess 104. 

In the following action of the conveyor member 120 the straw-
30 like tube portion· 10 .is raooved in the chanriel 105. 

It will be appreciated that all those operations are effected 
without the intervention of a human operator. 

35 It will be noted that the marking operation could appear a 
priori a seCondary. operation, without any risk to a human operator. 
However it is important that the marking operation takes place just 
after the straw-like tube portion is personalised in om.er to avoid 
any mistake. Moreover that marking operation would have been much IOOre 

40 canplicated to effect if the material fran which the straw-like tube 
portion is fonned were not capable of fixing the marking ink. · 

45 

Reference will be made to Figures 6 to 8, each constituted by a 
Figure A taken parallel to the direction of approach movement of the 
jaws, and a Figure·B. 

Figures· 6A and 6B show the fonn of seal ll. l obtained by 
clanping between flat narrow jaws and which leaves intact the end face 
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of the straw-like tube portion casing 10. That shape will be the usual 

one. 

Figures 7A and 7B show a seal ll. 2 in the fonn of a blade which 
is produced by clamping between flat jaws which assumed a position of 

5 gripping· the straw-like tube portion at the end. That shape may be 
preferred for reasons of greater ease of holding the blade portion, 
while in addition that shape eliminates the end cavity of the seal 
ll.l. 

10 Figures 8A and 8B show a seal ll. 3 of V-shape, similar to what 
is described in FR-A-2 128 374. This shape which results fran clanping 
between two V-shaped jaws, one of which is of a projecting 
configuration and the other is of a re-entrant configuration, has the 

advantage that the seal is entirely contained within the cylinder 
15 which corresponds in shape to the external· surface of the straw-like 

tube portion so that fixing of the straw-like tube portion in a 
chucking member is made easier. 

It will be appreciated that it may be an attractive proposition 
20 for the two end seals of straw-like tube portions to be of different 

shapes for reasons of expediency. Moreover other fonns of seal can be 
envisaged. 

It will be of course be appreciated that, in order to recover 
25 the biological sample for the purposes of use, the ends ll and 12 are 

cut off at the level of the non-defonned zones which are before th0 
seals and the sample is expelled by mechanically or pneumatically 
pushing the sliding stopper. 

30 It will be apparent that the invention is not limited to the 

excrrples described but embraces all alternative configurations within 
the scope of the claims. 
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CLAIMS 

1. A tube refei:red to as a small straw-like tube portion ( 1) for 

cryogenically preserving biological samples ( 3), in particular viral 

culture, fanned by a calibrated tubular casing portion ( 10) of 

substantially transparent, biologically neutral polymer material and 

provided with a seal (11.1, 12.1) at each of its twO ends (ll, 12) and 

canprising in the vicinity of a first encl (11) a sliding stopper ( 2) 

including an aqueous gel ( 20) between two plugs ( 21, 22) of porous 

elastic material, characterised in that the polymer material is an 

ionaner resin, the end seals ( ll .l, 12 .1) being fanned by autogenous 

welding of the tube (1) over a l:imited axial extent. 

2. A tube referred to as a small straw-like tube portion 

aceording to claim 1 characterised in that said ionaner resin is Surlyn® 

of ''type 8921. 

3. A tube referred to as a small straw-like tube portion 

according to claim 1 characterised in that the seal ( 11.1, 11 .• 2) 

canprises· a zone with bu flat parallel outer faces which extend 

perpendicularly to the axis over a width greater than the running outside 

diameter of the casing. 

4. A tube refei:red to as a small straw-like tube portion 

acconling to claim l characterised ·in that the seal (ll.3) has V-shaped 

outer faces, one.being of a projecting configuration and the other being 

of a re-entrant configurati6n, the seal being carpletely contained in a 

cylinder oorresponding to the running portion of the tube. 

5. A tube refei:red to as a small straw-like tube portion 

accoming to claim 1 characterised in that it contains a given volume of 

biological sarrple ( 3) between the sliding stopper ( 2) and a bubble of gas 

( 12a) in contact with the seal ( 12 .1) of the second end ( 12) of the 

casing (10). 
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6. A process for filling a tube referred to as a small straw­

like tube portion (1) for cryogenically preserving biological samples 

( 3) , in part_icular viral culture, fo:crned by a calibrated tubular casing 

portion ( 10) of substantially transparent, biologically neutral polymer 

material, in which process a sl:iding stopper (2) is set in position in 

the vicinity aE a first end (ll) of the tube (1) by successively inserting 

a first porous elastic plug (21), a quantity of p:JWd.er (20) capable of 

gelling upon caning into contact with an aqueous phase, and then a second 

porous elastic plug ( 22) , the stopper being pushed beyond a zone of the 

tube which is reserved for the seal ( 11.1) for the first end ( ll) , the 

biological sample ( 30) is injected into the previously sterilised tube 

through the second end ( 12) and beyond a zone reserved for the seal 

( 12 .1) for sa:id end ( 12) , while the abnosphere in the tube is evacuated 

through the stopper ( 2) and the first end ( ll) until the aqueous phase 

passing through the first plug ( 21) causes gelling of the pJWC.er ( 20) and 

therefore sealing integr~ty of the stopper ( 2) , characterised in that, 

the tubular casing ( 20) be~g fonned by an ionaner resin, the ends ( ll, 

12) of the tube are sealed by crushing the tube in the reserved zones in 

such a way as to apply tw6 parts of the integral peripheral layer of the 

tube against each other and raising at least said two parts to a 

sufficient.temperature for them to fuse. 

7. A process accoming to -claim 6 characterised in that the 

ionaner resin is Surlyn® of type 8921. 

8. A process according to claim 6 characterised in that for 

producing the seals (ll.l, 12.1; 12;2, 12.3) for the ends (ll, 12) the. 

reserved zones are clcmped between canplementary jaws ( 6la, 6lb; . 62a, 

62b; 161a, 16lb; 162a, 162b) which are raised to a sufficient temperature 

_for the internal peripheral layer parts to fuse. 

9. A process accoi:ding to claim 8 characterised in that the jaws 

(61a, 6lb; 62a, 62b; 161a, 16lb; 162a, 162b) have flat parallel clamping 

faces. 
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10. A process according to claim 8 characterised in that the 

jaws are V-shaped, one being of a projecting configuration and the other 

being of a re-entrant configuration. 

11. A process according to claim 6 characterised in that when 

the tube ( 1) is filled with the biological sailple ( 3) a bubble of gas 

{ 12a) is provided between said sample { 3) and the reserved zone of the 

second end { 12) • 


