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INTRODUCTIONINTRODUCTION
FreezeFreeze--drying ordrying or lyophilizationlyophilization is a process in which water or is a process in which water or 
any other solvent is transferred directly from the solid phase, any other solvent is transferred directly from the solid phase, 
into the vapor phaseinto the vapor phase

Multistage operation that Multistage operation that stabilizes biomaterials stabilizes biomaterials through the through the 
four main operation: four main operation: 

FreezingFreezing

sublimation or sublimation or primary dryingprimary drying

desorptiondesorption stage or stage or secondary drying secondary drying 

storage storage 

Products ofProducts of superior quality, superior quality, which are which are easily reconstitutedeasily reconstituted and and 
have have long shelflong shelf--lifelife. . 



One of the first medicinal uses of the One of the first medicinal uses of the lyophilizationlyophilization
process on an large scale was by Greaves in 1944process on an large scale was by Greaves in 1944



Apollo Project -1960s

StructuralStructural changeschanges duringduring freezefreeze dryingdrying ofof
foodsfoods materialsmaterials

SpaceSpace foodfoodTelemetricTelemetric medicinemedicine



Some products lyophilized todaySome products lyophilized today

Delicate Delicate biochemical biochemical as well as highly sophisticated as well as highly sophisticated 
biotechnological productsbiotechnological products. . 

Living Living microorganismsmicroorganisms or products that come from or products that come from 
molecular biologymolecular biology

tetramerictetrameric structurestructure ofof LL--asparaginaseasparaginase II II 



Development of biomaterial Development of biomaterial 
Regeneration medicineRegeneration medicine

Based on thorough understanding of the Based on thorough understanding of the 
structure to be substitutedstructure to be substituted

Properties depending on the Properties depending on the site of applicationsite of application
and and the functionthe function it has to restore.it has to restore.

The material should The material should mimicmimic the living tissuethe living tissue
from from mechanicalmechanical, , biologicalbiological, and , and functionalfunctional point point 
of view. of view. 



TheThe DevelopmentDevelopment ofof ProstheticProsthetic HeartHeart
Tissue valvesTissue valves

Tissue valves have been used since the early Tissue valves have been used since the early 
1960s 1960s (homograft)(homograft)
1970s 1970s chemically preservedchemically preserved stentstent––mounted mounted 
tissue tissue bioprosthesesbioprostheses were commercially were commercially 
produced and implanted (produced and implanted (heterograftheterograft). ). 
Today, Today, mecanicalmecanical and and stentglutaraldehydestentglutaraldehyde
preserved bovine pericardial preserved bovine pericardial bioprostheticbioprosthetic
valves are used widely.valves are used widely.
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Tissue valvesTissue valves

From the From the social and economic point of view social and economic point of view 
their advantages are numberless:their advantages are numberless:

The row material The row material costs costs are minimumare minimum
The utilization of The utilization of bioprothesisbioprothesis dispense the use of dispense the use of 
anticoagulantsanticoagulants
Reduction Reduction of the incidence of the incidence of hemorrhagic of hemorrhagic 
episodes episodes 
ReducesReduces the necessity of laboratorial the necessity of laboratorial tests of tests of 
protrombineprotrombine timetime



GlutaraldehydeGlutaraldehyde--treatmenttreatment

Improve Improve mechanical and immunogenic mechanical and immunogenic 
properties of bovine pericardium properties of bovine pericardium 
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ApproximatelyApproximately 85,000 85,000 substitutesubstitute valvesvalves are are 
implantedimplanted in in thethe UnitedUnited StatesStates andand 275,000 275,000 
worldwideworldwide eacheach yearyear, , ofof whichwhich wewe presentlypresently
estimateestimate thatthat approximatelyapproximately halfhalf are are mechanicalmechanical
andand halfhalf aare tissuere tissue, , suggestingsuggesting a a shiftshift towardtoward
increasinglyincreasingly greatergreater usageusage ofof tissuetissue valvesvalves over over 
thethe lastlast decadedecade..



When applied to When applied to biological human or animal tissuesbiological human or animal tissues, , 
the the lyophilizationlyophilization process allows them to be process allows them to be preserved preserved 
drieddried, making manipulation and storage easier. The , making manipulation and storage easier. The 
lyophilizationlyophilization process also allows process also allows gamma rays gamma rays 
sterilizationsterilization and other ways to guarantee an effective and other ways to guarantee an effective 
sterilization of the material, especially to sterilization of the material, especially to eliminate eliminate 
slow viruses slow viruses when the material is destined to medical when the material is destined to medical 
or surgical applications (prosthesis, grafts, etc). or surgical applications (prosthesis, grafts, etc). 

PremisesPremises



LyophilizationLyophilization is a is a sophisticated technology, sophisticated technology, 
demands a demands a multimulti--disciplinary approach, disciplinary approach, combining combining 
researchers of different areas of knowledge as researchers of different areas of knowledge as 
biological, biochemical, medical and physics. biological, biochemical, medical and physics. 
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The recognition thatThe recognition that glutaraldehydeglutaraldehyde promotes promotes 
calcification has led to new fixationcalcification has led to new fixation strategies strategies 
that limit mineralization and optimally preservethat limit mineralization and optimally preserve
molecular structure. molecular structure. Low Low thrombogenicitythrombogenicity has has 
been maintainedbeen maintained and durability improved, but and durability improved, but 
the risk of late structural failurethe risk of late structural failure remains.remains.
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PhenethylaminePhenethylamine--diepoxidediepoxide treatmenttreatment
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OBJECTIVESOBJECTIVES

To To studystudy thethe effecteffect ofof lyophilizationlyophilization onon biologicalbiological
tissuetissue fromfrom a a biomaterialbiomaterial developingdeveloping perspective: perspective: 

In In vitrovitro calcificationcalcification studiesstudies



MATERIAL AND METHODSMATERIAL AND METHODS



collected in the slaughter housescollected in the slaughter houses
cleanedcleaned
chemically treatedchemically treated
stored at stored at -- 4 4 o o CC

BOVINE PERICARDIUM MEMBRANE BOVINE PERICARDIUM MEMBRANE 
OBTAINMENTOBTAINMENT

PhenethilaminePhenethilamine--diepoxidediepoxide



LyophilizationLyophilization

The bovine pericardium tissue was placed in Petri   The bovine pericardium tissue was placed in Petri   
dishes, frozen at dishes, frozen at --7070°°C , and then lyophilized C , and then lyophilized for for 
24 h 24 h atat 140 140 mTorrmTorr pressurepressure andand condensercondenser
temperaturetemperature at at --9090°°C C 

(TDS 00209(TDS 00209--A model, FTS A model, FTS Systems, Stone Ridge, NY, Systems, Stone Ridge, NY, 
USA)USA)



Raman spectrum of  Raman spectrum of  rehydratedrehydrated freezefreeze--dried bovine pericardium dried bovine pericardium 
under two different freezing protocols.under two different freezing protocols.

Background

Secondary structure of freezeSecondary structure of freeze--dried bovine pericardium  were dried bovine pericardium  were 
determined by determined by FTFT--RAMAN  spectroscopyRAMAN  spectroscopy



It It waswas notnot observedobserved structuralstructural changeschanges onon thethe
bovinebovine pericardiumpericardium tissuetissue afterafter freezefreeze--dryingdrying
usingusing differentdifferent freezingfreezing protocolsprotocols

BBovine pericardium tissue has enough physical ovine pericardium tissue has enough physical 
and chemical support and chemical support to avoid structural to avoid structural 
changeschanges afterafter freezefreeze--dryingdrying..
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PhenethylaminePhenethylamine--diepoxidediepoxide treatmenttreatment

EpoxideEpoxide was derived from the reaction between      was derived from the reaction between      
phenethylaminephenethylamine and and epichlorohydrinepichlorohydrin. . 

The The epoxideepoxide was mixed to a phosphate buffer  and was mixed to a phosphate buffer  and 
water solution and then spread over the pericardium. water solution and then spread over the pericardium. 

In the second procedure, the reagents were placed to In the second procedure, the reagents were placed to 
react in a Petri dish, which already contained the react in a Petri dish, which already contained the 
pericardium soaked in a phosphate buffer and pericardium soaked in a phosphate buffer and 
acetoneacetone solution.solution.



Calcification test was performed by Calcification test was performed by soaking the soaking the 
samples in simulated body fluid (SBF)samples in simulated body fluid (SBF)

The substrates (2 x 1 cm bovine pericardium membrane The substrates (2 x 1 cm bovine pericardium membrane 
pieces)pieces) were soaked in the 1x SBF solution for 7 days, were soaked in the 1x SBF solution for 7 days, 
changing the solutions for fresh ones in intervals of 2 changing the solutions for fresh ones in intervals of 2 
days. days. 

Similar procedure Similar procedure using an SBF solution with 50% higher using an SBF solution with 50% higher 
salt concentration salt concentration (1.5x SBF) (1.5x SBF) was used was used to accelerate the to accelerate the 
calcification process. calcification process. 

The experiments were carried out in polyethylene flasks The experiments were carried out in polyethylene flasks 
at 36.5 at 36.5 °°C (using a Shaking Water BathC (using a Shaking Water Bath--Line Orbit [LabLine Orbit [Lab--
Line Instruments Inc., Melrose Park, IL, USA] at 50 rpm Line Instruments Inc., Melrose Park, IL, USA] at 50 rpm 
agitation). agitation). 



The influence of different chemical treatments The influence of different chemical treatments 
on bovine pericardium calcification on bovine pericardium calcification 

Scanning electron microscopy Scanning electron microscopy ((SEM)SEM) was used to 
analyze the morphology of bovine pericardium 
samples. 

Energy Dispersive Spectroscopy (EDS) Energy Dispersive Spectroscopy (EDS) was used to
evaluate the characteristics of calcium phosphate 



RESULTS AND DISCUSSION RESULTS AND DISCUSSION 



The chemically treated pericardium samples were:The chemically treated pericardium samples were:

LyophilizedLyophilized phenethylaminephenethylamine--diepoxidediepoxide

NonlyophilizedNonlyophilized phenethylaminephenethylamine--diepoxidediepoxide

LyophilizedLyophilized phenethylaminephenethylamine--diepoxidediepoxide--acetoneacetone

NonlyophilizedNonlyophilized phenethylaminephenethylamine--diepoxidediepoxide--acetoneacetone



Figure 1. Figure 1. SEM micrographs of SEM micrographs of nonlyophilizednonlyophilized bovine pericardium bovine pericardium 
treated with treated with phenethylaminephenethylamine--diepoxidediepoxide after calcification test in after calcification test in 
(a) SBF(a) SBF--1x and (b) SBF1x and (b) SBF--1.5x1.5x



Figure 2.Figure 2. (a) EDS spectrum for (a) EDS spectrum for nonlyophilizednonlyophilized bovine bovine 
pericardium treated with pericardium treated with phenethylaminephenethylamine--diepoxidediepoxide after after 
calcification test in 1.5 x SBF. calcification test in 1.5 x SBF. 
(b) Typical EDS spectrum for (b) Typical EDS spectrum for noncalcifiednoncalcified samples samples afterafter contactcontact
withwith SBF.SBF.

(a) (b)



Figure 3.Figure 3. SEM micrographs of SEM micrographs of lyophilizedlyophilized bovine pericardium bovine pericardium 
treated with treated with phenethylaminephenethylamine--diepoxidediepoxide after calcification test in after calcification test in 

(a) SBF(a) SBF--1x and (b) SBF1x and (b) SBF--1.5x1.5x



Figure 4 Figure 4 SEM micrographs of SEM micrographs of nonlyophilizednonlyophilized bovine pericardiumbovine pericardium
treated with treated with phenethylaminephenethylamine--diepoxidediepoxide--acetoneacetone after calcificationafter calcification
test in (a) 1x SBF and (b) 1.5x SBF.test in (a) 1x SBF and (b) 1.5x SBF.



Figure 5.Figure 5. EDS spectrum for EDS spectrum for nonlyophilizednonlyophilized bovine pericardiumbovine pericardium
treated with treated with phenethylaminephenethylamine--diepoxidediepoxide--acetoneacetone after calcification after calcification 
test in test in 1.5x SBF1.5x SBF..



Figure 6. Figure 6. SEM micrographs of SEM micrographs of lyophilizedlyophilized bovine pericardium bovine pericardium 
treated with treated with phenethylaminephenethylamine--diepoxidediepoxide--acetoneacetone after calcification after calcification 
test in (a) 1x SBF and (b) 1.5x SBFtest in (a) 1x SBF and (b) 1.5x SBF



LyophilizationLyophilization associated with the associated with the epoxideepoxide treatment treatment 
is a potential route of bovine pericardium is a potential route of bovine pericardium bioprostheticbioprosthetic
heart valves preparation. heart valves preparation. 

This hypothesis is sustained by the fact that This hypothesis is sustained by the fact that 
nonlyophilizednonlyophilized samples showed calcium phosphate samples showed calcium phosphate 
deposits, in contrast with the lyophilized ones.deposits, in contrast with the lyophilized ones.

This is a field of study with many potential This is a field of study with many potential 
applicationsapplications. 



CONCLUSIONSCONCLUSIONS
The presented treatment using the The presented treatment using the two different two different 
phenethylaminephenethylamine--diepoxidediepoxide solutionssolutions showedshowed no no effects on effects on 
calcification calcification experiments as showed by the tests.experiments as showed by the tests.

The The lyophilized lyophilized bovine pericardium samples, treated with bovine pericardium samples, treated with 
both solutions, both solutions, did not show any detectable phosphate did not show any detectable phosphate 
deposits. deposits. 

The The lyophilizationlyophilization of bovine pericardium of bovine pericardium before chemical before chemical 
treatmentstreatments with crosswith cross--link agents such as link agents such as epoxy epoxy 
compounds compounds may be an alternative to the conventional may be an alternative to the conventional 
calcification preventioncalcification prevention methods, but further investigations methods, but further investigations 
are recommended to check if the same behavior is found in are recommended to check if the same behavior is found in 
allall lyophilizedlyophilized systemssystems..



CONCLUSIONSCONCLUSIONS

These results can be specific to this system and the These results can be specific to this system and the 
chemical treatments that were used. chemical treatments that were used. 

Further studies applying larger number of replicates Further studies applying larger number of replicates 
and chemical routes should be performed to check if and chemical routes should be performed to check if 
the effect of  the effect of  lyophilizationlyophilization would be the same in all would be the same in all 
systems.systems.
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