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1 0l ntroducd 6n

La dabetes nellitus (DM en perros se considera una enfer medad crénica que esta
re ad onada con dtas concentrad ones de g ucosa en sangre, dversas son las causas por |as
que las cddas no pueden usar nonosacdridos cono fuentes de energa per nitiendo su
al macenaniento en d cuerpo porloque si nosehace un dagndstico oportuno o un contrd
adecuado se pueden generar dafios irreversides entodos | os tgidos y conmo consecuencdi 3,
esto conducird a enfermedades secundarias que pueden causar un mayor deterioro de
paciente eind uso poner en riesgo su \i da.

La DMen perros por lotanto es una enfer medad cuya prevenci 6n, dagndstico y contrd se
hace através dela nedcion delos rive es de g ucosa, ya que suconcentraci én en d torente
sanguneo es un factor que deter nina la cantidad de este carbohidrato en d liqu do
interstidd, asi cono d transporte de g ucosa alas cdUas y, por tantg su uso cono fuente
de energa Qrofactor importante sobre d nonitoreo dela g ucosa esta rd ad onado conla
presencia de otras enfermedades, conp d sobrepeso ola obesi dad Esimportante destacar
que d dagndstico de estas enfer medades cada vez es mayor en nedicina veterinaria de
acuerdo al o expuesto por Gonzd ez y(Bernal 2011, Du et. d. 2017); (Tropf et. d. 2017); (Gl or
et. d. 2016).

Enlos perros, d rangofisid dgco de g ucema es de 75- 120 ng/dL en estado de ayuno, pero
puede devarse a 180 - 200 ng/dL después de la ingesta de di mentos. Existen trastornos
met abdicos enl os que si se produce una hi perg uce nia persistente con un rango que supere

> 162 ng/dL se consi dera conp d abetes nellitus (Davison, et. d.2017).



En Mexi co no existe unreporte particu ar sobrela preva encia dela dabetes canng, perod
nimero de padentes diabéticos parece estar en aunento a nivd nundd (Davison et.
al. 2008).

En genera, la DMse puede causar dehi do ala defidencdiardativa o absduta dela hor nona
insuina por parte delascé Uas beta dd pancreas, enlosisl ates de Langerhans, situaci 6n que
hall evado a que d prindpal tratament o seala admi nistrad én exdgena de esta hor nmona por
viainyectade Snenbargg uncontrd exitoso delos rive es de g ucosa sangu nea requi ere
de miltides inyecdones darias y dgunos efectos adversos enlos sitios de adicad on Esta
fdta de flexiblidad del tratamento ylas nol estias causadas por las mitides adicad ones
generan estrés ei nconod dad enl os paci entes, | 0 que puede causar fdlas por untratamento
inadecuado. Con d fin de ngjorar d tratamento para pad entes con esta cond d on se han
hecho intentos por desarrdlar sdudones basadas en la ingenieria genética, adicando
di spositivos que conti eneninsuinareconbi nante yrutas dternativas dead ninistrad én dela
insuina con dferentes vidas nmed as. Se han evduado miltides vias de ad ninistraci én con
dferentes resutados dinicos; sinenbargo lavia ard podriaser una v a atractiva sobre todo
para d pacdente dado que evitaria no estias por las inyecciones y dvidos ala hora de
administrarla(Adriegas et. d. 2018).

B tratamento coninsdina es dtanmente especificoy efectivofrente a esta enfer nedad ylo
que se busca es si mdar la secred on fissdégica delaimding la cud ocurre de manera
continua, para mantener d rivd basad de gucema, y ocurre tambi én de manera aguda,
desencadenada por d aumento delagucema postprand d. Resutainteresante pensar que,
parafavorecer | a utilizadon delainsdina por via ord, se han desarrdl ado nanoparticu as con

pdi meros naturd es ysintéticos, con d fin de encapsu arl a para protegerl adelas cond d ones



dd tracto gastrd ntestinal y asi nis no favorecer su absord én. Se han probado tanbién
for mul adi ones deinsdina por Via ord basadas en nanoparticu as liddcas o enliposonas, ya
que, ademds, éstas tienen varias ventaj as sobre otros sistenas, dehi do a que presentan rmuy
poca o ninguna toxid dad pues sonsistenas ki odegradabl es ( Dave, et. d. 2013). Los li poso mas
se han utilizado conmo un ned o para administrar lainsdina y favorecer su dstri buci 6n
drectanmente d hgado a partir de unsitio delainyecd én periférica y prol ongar | a acd 6n de
laimsdina Las rutas dternativas se han vudto nmuyi nportantes enlainvestigad 6n, y se han
ind u do las investigad ones sobrelas dferentes vias cono la ord, nasd, rectd, pd nonar,
ocu ar olatransdér nica (Adriegas et. d.2018)

Una formulad on ord editosa protegeria laimsuina de ser degradada en d estémago vy
per nitiria dsponer ala hor nona, intacta, y proteg da parasuabsord én en d tract oi ntesti na
(Kanerek et. d. 2016). La for mul aci én con insulina tendria que superar dgunas barreras
natura es para dcanzar la absord oni ntesti nd, estas barrerasind uyen: las cond d ones del pH
gastrd ntesti nd, que varian desde d pHgastricodd doend esténmago d intestinoligeranente
que es basicg d medoanbiente las barreras enzi maticas luninal, eptelid intestina yla
mucosi dadintesti nd ( Mahatg et. d. 2003).

I nvesti gaci ones previas han denostrado que d uso deliposonmas protege alos far macos de
la degradacidn y ngjoran su absorcién a través de las menbranas mnucosas, la prind pa
desventgaes d adaramentordp do del osliposomas por d organis mo ( Mahato et. d. 2003).
B uo de liposomas basados en la administracén ord de insdina se ha investigado
anpliamente en estudos con an nales; se han reportado reducciones variades en la
g ucema depend endo de dferentes factores induyendo|a conposid on lipi dca de estos, |a

presencia ola ausencia de surfactante d tamafio la carga superfidd, d estadofisico dela



bi capa de fosfdip dos empl eados, asi conp | os exci d entes utilizados. En otros casos, se ha
denostrado que la nodficad én de liposonmas con dferentes pdi meros y surfactantes

protegen eficaz mente alos liposomnas. (Yun, et. d. 2012).

20 Mrco Tedrico

2. 1 dasificaciony Etidogia

Consi derando | a base fisiopatd ég ca |a d abetes mellitus (DM se dasifica entipol ytipoll
eLa DMTi pol: se caracteriza por | a destrucc én opérd da progresiva de cdu as § obten endo
asi ausencia repentina yconpl eta delainsudinay puede tener una pérd da gradual a nedia
quelas cd Uas Bson destru das. Es de origen auta nnune y de ti po hereditaria

e LADMTipoll: se caracteriza por unaresistenciaalainsdinay/o dsfuncion delas cd das B
en donde la insdina puede estar aunentada, dsmnuda o nornal. Se rdadona con
prob emas netabdicos y obesi dad o son secundarics a atras enfer medades endocrinas o ala
adnnistrad on de nmedicanmentos ( choa, et. d. 2007).

e La DMenladirica de perros sedasifica en d abetes nellitus depend entedeinsdina(DNVDI)
otipol y dabetes nellitus no depend ente deinsdina (DVN D otipoll.

e DVD: esla mas reconoci da en casi todos los perros dd 50 a 70% se caracteriza por una
defidencia deinsuina yla necesidad vitd deterapia coninsuina exégena.

e DMN D es mas frecuente en d gato que en & perrg la etiopatogenia es mutifactorial

asod ada a obesi dad en al gunos casos.

La d abetes nellitus se presenta en perros entrel os 4y 14 afios de edad, las henbras son més

af ectadas quelos nmachos ylas razas mas frecuentenment e af ectadas son: Pood e Schnauzer,



Sanoyedo, Rottweiler, Pastor Aeman y Gd den Retriever, entre otras. S bien la mayoria de
los cainos d nonmento de ser dagnosticados se sitla entrelos 4 ylos 14 afos, estud os
ep denid dgicos han demostrado que |l os perros que se ven mas afectados sonlos nenores

de 5 afios ( Cchoa, et. d4.2007)

2.2 Fsiopatd ogia dela Dabetes.

La etidoga de la dabetes nellitus en d perro es prind pa nmente autoinnune de indd e
heredtaria Fna nente e resutado es una pérddairreverside delafuncién delas cd uas B
pancredticas y por lotantolafdta dela nisma y sus efectos en d cuerpo. Entrelos otros
factores desencadenantes, se han encontrado la predsposidon genética irfecd ones,
medicamentos que produzcan resistencia a la insding la pancreatitis y la obesidad, en

conjuntord ad onados con un estado deinsui noresistenci a.

2.3 ODabetes Mellitus no cetdsica

En pacientes con dabetes, |a defidencia de insuina dsninuye la utilizacién de g ucosa,
annoacidos y ad dos grasos por | os tgidos. La g ucosa obtenida enladeta o a partir dd
g uconeogénesis hepatica se acumul a enladrcu aci 6n causando h perg uce mma y cuando ésta
se deva lacapacidad delas cduas delos tubuos rena es para reabsorber g ucosa a partir
dd dtrafiltrado g omeruar es superada y aparecelag ucosuria Esto ocurre cuandolag ucosa
en sangre excede en d perro 99 a 120 ng/dL Lag ucosuria provoca d uresis os nmotical o que
ocasiona pdiuwia y polidpsia conpensatoriag la cud previene la deshidrataciéon La
dis nnuci 6n de g ucosa periférica pronueve d desdod amento delas proteinas dd miscu o

y la grasa para producir ducosa en d hgado por la via g uconeogénica, pronoviendo la



pérd da de peso A pesar dela hipergucenia d paciente presenta pdifaga Por lo quelos
cuatro signos dela DMson: pdiuwia pdidpsiag pdifagay pérdda de peso ((Cchoa, et. d.

2007).

2.4 Dabetes nellitus no tratada o cet oaci dética.

La cet oaci dosi s d abética (CAD es una conplicaci én grave dela d abetes nellitus, ésta ocurre
mas a nenudo en perros y gatos con dabetes no dagnosticada previamente con nmenor
frecuenci a aparece en el perro o gato d abético tratado coninsdina que reci be una dosis
inadecuada de ésta. La CAD es nmuy conpl § a y puede ser conplicada por las enfer medades
diricas concurrentes (pidonefritis, pancreatitis, donetra Hpertirddisno, insufidencia
renal, insufid encia card aca, as g, i fecd ones devias wri narias, H peradrenocortisis no, etc.).
Casi todos |os padentes con CAD tienen defidencia rdativa o absd uta de insding las
concentraciones drcudantes de las hor monas dabetégenas estdn aunentadas en los
pacientes con CAD sinembargo d efecto de estos trastornos hor nonal es es |a acent uaci 6n
deladefidencia deinsdina nmed ante d desarrdlo de resistencia alainsuina esti mi aci 6n
delalipdisis quelleva alacetogénesis y g uconeogénesis que enpeorala hperg ucema. Es
frecuente que los perros o gatos con CAD tengan dguna enfer nedad coexistente cono:
pancreatitis, infecd 6n gastroenteritis oinsufidencia card aca congestiva. Estos prob e mas
incrementan la secrecion de hor nonas dabetogénicas drcuantes (epnefrina, g ucagon,
cortisd y hor nona dd creci ment o) que, ade mas, soni nductoras delaresistenciaalainsdina.
La defidencia deinsding, v d increnmento de hor nonas contrarregu adoras, esti mian la
cetogénesis. La sintesis de cuerpos ceténicos (addo acetoacético y [-h droxi butirico)

requ eren de 2 dterad ones: aunento enla novilizad 6n de Aci dos Grasos Libres (AGL) a partir
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de |l os depodsitos de trigicéri dos entgido ad poso y desvio en d netabdis nmo hepético dela
sintesis had ala oxi dad 6n de grasas y cet ogénesis ( Meyer, et. d. 2004).

Lainsdina es uninhikidor delalipdisis y delaoxidacion de AG.. La defidencia deinsuina
incrementa la lipdisis aunmentando la dsponikilidad de AGL d Hgado que pronueve la
cetogénesis. S las cetonas se acunulan en d espacio extracd U ar superan d unbra dd
tubu orend y son di nnnadas por orinag, contribuyendo ala d uresis os mbtica, generada por
la g ucosuriay excred 6n de sd utos.

La pdiurig pdidpsig pérdda de pesoy pdifaga, sonlos signos diricos nds rd evantes, la
pdiuiay pdidpsia se desarrdlan hasta que se presenta la g ucosuria; se puede llegar a
presentar diento ceténico cataratas (favored da por la hi perg ucema crénica), intd erancia
a gerddqg hepatonegaia y find nmente fdla rend. En gatos se presenta dehilidad de
m e nbr os posteri ores debi do a neur opati a periférica, a nmenudo se dg an de adi cd ar y pueden
tener un pd o descu dado y seborrea seca en caso de dabetes nellitus cetoac dética se
presenta depresi 6n letarg a deshi dratad én anorexia vonitoytaqu pnea. Estos pacientes si
no setratan coninsuinaentran en un estado que podriaser letd ( Meyer, et. d. 2004)

2.5 O agnostico

B dagndsticose basa enla historiadinca anamnesis y pruebas delaboratoria

e Henpgrama. Se presenta eritrocitosis rdativa por henopconcentracidn dekido a la
deshi drataci 6n, en nuy pocas ocasi ones existe ane nia ligera no regenerativa, que se asocia
ainflamacién crénica. B leucograma es deinflamaci 6n y puede haber neutrd&il os toxicos si
exi sten conmplicad ones infl amat ori as eirfeccd osas ( Meyer, et. d. 2004).

e Boqu mca sangunea. Hpergucenma hpercdesterdema e hpertrigiceridema por

dterad on en d netabdis nmo deligddos, incremento de ALT por degeneracion hepatocd U ar,

11



hi perbilirrubd nenma eincremento de FA por cd estasis, en casos deli @ dosis hepdtica (gat os),
hi perazotenna prerrena por deshi dratad 6n ad dosis netabdica por ganancia de acd dos en
caso de d abetes nellitus cetoadi ddtica

e Uiandlisis. La densidad winaria > a 1015 g ucosuria cetonuria en casos de d abetes
mel litus cetoaci dética generd nente se presentainfecd on de vias winarias, por lotantg se
observa prote nuri g | eucosuria henaturiay bacteri uria

Para dferenciarlahi perglucenia que se presenta por estrés, dela hi perg ucennia por d abetes
mellitus, se pueden deter mnar fructosamna sérica y henogl obi na gucosilada, que son
prote nas que se unen ala g ucosa de manerairreverside Encaso de h perg ucena crénica,
aunmenta la union de la gucosa con estas protei nas, encontrdndose devadas en suerog,
m entras que, enla hi perg ucenia por estrés, no hay aunment o de estas protd nas g ucosil adas
® Fructosanina. Es un marcador dela concentracion nmed a de g ucosa en sangre durante d
periodo de vida de la protel na, que varia entre una y tres senmanas, a mayor proned o de
concentrad én de g ucosa en sangre durantelas 1 a 3 semanas precedentes, habra mayor
concentrad 6n de fructosamina en suero Es inportante considerar los dagndsticos
dferencides conmo: Hperadrenocortidsnmp, domnetra e insufidencia rend (perros) e
hi pertird ds no (gatos) y, por otra parte se deben descartar otras causas de h perg uce ma:
estrés, pancreatitis aguda, Hperadrenocortidsno, gestacion y far macoterapa
(corticosterd des, progestagenos y sd udones parentera es con dextrosa). Asi ms o, las
conplicaciones por dabetes nellitus se deben tener presentes: cataratas, h pog ucenia,
pancreatitis crénica infecdones recurrentes, pobre contrd gucémco cetoacidosis e

insufidencdarena crénica(Thrdl, et. d. 2012)
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2.6 Trataniento coninsuina

La insdina conmerdd se encuentra en mitides for mas de presentad én que dfieren en
cuanto asuconcentrad 6n, durad én purezaycosta Existentres grupos generd es deinsuina
para perros y gatos que son de acd 6n orap da, inter med a y prd ongada (Cuadro 1).

Dentro delos dferentes tratamentos que existen para tratar la d abetes se encuentran|as
insdinas conercides que tienen dferentes denomi naci ones cono: |a de acd 6n dtrarapi da,

regu ar, inter med a, de acd on prd ongada ( Rodri guez, et. d 2003).

Insdina Indo Méxi nmo Duraci 6n
Utrarap das 5 —15 Ninutos 30 — 75 Mnutos 3 -4 Horas
Regu ar 30 — 45 Mnutos 2 —3 Horas 4 — 6 Horas
Inter med a 2 — 4 Horas 8 — 10 Horas 10 — 14 Hor as
Acci 6n prd ongada 1 5 Horas No tiene pco 24 Horas

Cuadro 1: Caracteristicas generd es delas presentaci ones far macéuticas delaimnsuina
Lainsdina de acd on rapida se presenta enfor ma de sd ud 6n, que puede administrarse por
cual quier Vg intravenosa (I}, intranuscuar (I M y subcutdnea (SQ; suele utilizarse en la
regu ad 6n de la dabetes conplicada, dado que se necesitan g ustes de acd on rap da. Su
acd én seirnda dentro de un rango de una a cuatro horas, ysutienpo de vida nedia en d
organsno es de ocho horas (Hardy, et d, 1998). Tienela desventgja de que requi ere vari as
aplicad ones d day puede haber renuenciay dvido dd duefo para dar d trataniento.

La activi dad delainsdina de acd éninter med a osdla en un pronedi o de nueve horas, ytiene
untienpo devida nedia end organisno de 24 horas; este producto se utiliza mas, dehido a
que serequieresdouna adnmnistradond da(Hardy, et. d.1998). And nmente lainsuina de
acd 6n prd ongada, cuya su actividad per manece alas 12 horas post adninistrad én vy tiene

13



untienpo devida nedaen d agansno de entre 24 a 36 horas, cuando es ad niristrada por
via subcutdnea a una dosis darianmente (Hardy, et. d. 1998). Sn enbargo, d costo de estos
dos Udti nos tratamentos es bastante dto por |o que nmuchos propi etarios no aceptan este
programa de tratamento. La zona corpord donde se agicalainyecd 6n debe de dternarse
frecuentemente para evitar lafor maci on de hemat onmas y procesos infla mat ori os, ade mas
de que producen lipod strdfia en d sitio de adicacién y dd or o cua induce inconodi dad y

m edo d padente de ah larenuencia dd prop etario asu adninistrad én

2.7 O abetes i nduci da por estrept ozot oci na

Lainducd 6n a d abetes se hal ogrado por ned o de d versas técn cas experimenta es. En 1889,
Von Mering y Ninkowski produy eron d abetes experi nentd en perros ned antelarenoci 6n
quirirgca dd pancreas. Desde entonces, |a pancreatectonmiatotd se usa en muchas espedi es,
con d propdsito de crear node os experi menta es. En onmi vor os y her ki voros cono conej os,
cerdos, nonos, y peces sdose presenta un estado d abético caracterizado por g ucosuria
moderada y cetonuri a vari al e ( Peppas, et. d. 2006).

B uso de agentes qu micos para producir d abetes, per niterealizar estudos detdlados del os
eventos ki oqu micos y morfd dgcos que ocurren durante y después de lainducci 6n de un
estado d abética Existen varias dases de agentes qui mcos. Los pri meros son sustancias con
citotoxid dad especifica que destruyen las cddas B dd pancreas y causan un estado de
defidencia pri maria deinsudina. B segundo grupo | o constituyen agentes que actUan sobre
las cduas B pero no las destruyen Una tercera dase increnmenta los requeri nhent os
enddgenos de insuina debilitan d pancreas y cono consecuencia se produce | a d abetes.

Este dti mo grupoind uye alas hor nonas antagonistas delainsuina, anti cuer pos anti-i nsuina
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y d gunos agentes qud antes, en particd ar dd zinc. Los agentes mas utilizados sonla d oxana
y la estreptozotoci na. Estos conmpuestos en dosis dabétogenicas actUan especificanmente
sobrelas cd Uas beta La estreptozotoci na es una sustancia rd ativamente s ectiva paralas
cd das beta en dertas especies causa dabetes per manente. Lafijad6énala nenbrana a
semgjanza conla doxana es d pri mer evento en d proceso patd dgica A gunas evi denci as
indcan quelatoxiddad dela estreptozot oci na estd nmed ada por d reconoci ment o es pecifico
de d gunos receptores sobrelacd U a beta Se cree que provoca un decremento enlos nivd es
de d nud edtido de ricotinanida y adeni na ( NAD), ya que puede dsninur tanto susintesis
conmoincrenentar suhidrdisis. Lanicatinamda protege al os ani mal es contraladtotoxid dad

tanto de estreptozotoci na cono de d oxana. (Kanerek et.d.2015).

2. 8 Li poso nmas

Los li posonmas se descubrieron en 1961 por Bangha m qui enes observar on que d gunos li @ dos
for man estructuras nmembranosas cuando estan en dsdud on acuosa. Estas estructuras
vesicu ares dtanmente organizadas estan constituidas por kicapas liddcas concéntricas que
encierran un interior acuoso. Para su daboracion se utilizan fosfdipidos con o sin la
incorporad 6n de cd esterd, tocoferd, sondas fl uorescentes u otros naterid es, i ntroduci dos
enlakcapaligdcacond finde dotar alas vesicd as de d guna prop edad particud ar cono
puede ser la carga superfidd, reducir |a per meabilidad de la nmenbrana oincrementar la
estabilidad delos ligdos enla bcapa. Enlos afios 70 seiridé d estud osobre d potencid
que presentan estos conmo sistermas de liberacion de farmacos o de otras no écu as
bi oactivas. Los liposomas son capaces deincorporar a su estructura nol écu as h drdfilicas,

hi drof 6ki cas ytanbi énlas de cardcter anfi patico. Ade més, d gunas de sus prop edades fisicas
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cono carga superfidd, tanmafio, per meabilidad yrig dez dela pared osucapaci dad de carga
son fadl nente nodu ables dekido ala anplia variedad de fosfdigddos que existen Por
dti mo, si se utilizanlid dos func onadizados, se pueden unir anti cuer pos uotros ligandos ala
superfide dd liposoms, |o que les convierte en sistermas que pueden acceder con mayor
fadlidad a deter mnados tgidos, por g enpl o |os tunores (Casado, et. d 2007); (Ard nozhi,
et. d. 2004); (Kss, et. d4.2013).

Estud os eninvestigad on predirica redizados por Ardriegas, et. d., 2018, indcan que las
insdinasind u das enliposomnas por vMasubcutdnea ds mnuyenlos rive es de g ucosa, siendo
estalava mas efectiva Estoindca que esta via favorece |a liberad én prd ongada de sus

preparados ofar maceuticos i nnovadores: (L23 Brij (1) y LF3-P407( 2).

3. 0 J ustificad on

Es necesarig redizar més estudos para mejorar d tratanmento con insuina en perros
di abéticos, ya que d trataniento se ha li nitado al uso delaruta parentera através dela
aplicad 6n de inyecd ones subcutdneas eintramuscu ares, pero tiene nuchas li nitad ones,
queinduyen dd or, nal estar, lipod strofig h perinsuinema periférica e hipog ucenma. End
presente estud g se estudi an dferentes for mul aciones de d sefios far macd dgicos deinsuina
integrada enliposonas, en un nodel o experi mental de dabetes tipo 1 enratas wstar, para
conocer sus efectos sobrela gucema d ser administrados por dferentes vias (Subcutdnea y
ord), conlafindidad de producir un efecto nmas prd ongado enla dsposic én deinsuina en
el aganisno ylareduccidn dela gducenia Antes de probar este dsefio far macd dg co en

perros o dabéticos es necesario conmpl enentar las pruebas predirnicas en rata Wstar con
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di abetes nmellitus ti pol para verificar d efecto delos preparados: L23 Brij (1) y LF3-P407(2), a

largo dazo eind uso contrastarloconlavia ord.

4.0 H pétesis.

Los preparados deliposomas ind udos coninsdina hunmana y dferentes exd dentes L23 Brij
(TxF1) y LF3-P407 (TxF2), reduciranlas concentrad ones de g ucenia por mas de 12 horas en

ratas Wstar i nduci das con d abetes tipo 1, conparado conlainsdina comerdd.

5.0 Obj etiva.

B presente estud g busca probar que un preparado basado en insdina integrada con
liposomas produzca un efecto mas prd ongado sobre la reduccion de la gducenia en ratas

d abeti zadas.

5.1 Obj etivos es pecificos:
e Formar grupos de experi nentaci én y deter mnar las concentrad ones de g ucenia
basad es ned ante g ucometria
e Inducir DBcon ETZ y deter ninar | as concentrad ones de g ucenia a dferentes ti e npos
medi ante g uconetria
e Tratar alos an nales delos dferentes grupos conlos far macos que corresponda.
e Conocer de las concentrad ones de gucema mediante guconetria a dferentes

horari os y hasta cubrir 48 horas.
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6.0 Materid y nmétodos

6.1 Ani nul es (ratas Wstar)

Se usaron 25 ratas Wstar nachos, adutos y diricanmente sanas, con 8 semanas de edad.

Los ani males fueron adquiridos en d kioterio del Instituto de Neurobidoga ubicado en
Juri quilla Querétaro debido a que es un ki ateri ocertificado.

Se ddaron enla Uni dad de Experi nmentaci én en ani mal es (UNEXA), ukicada en d drclito de
la Investigad 6n dertifica S/N dd conunto E de |la Facdtad de Qumica Las ratas se
mant uvieron enlasda de experi mentaci 6n B-516, enlas si gu entes cond ci ones
Tenperatura: 22°C

Densi dad de pol ad én: 2 ratas por caa

Ai mentaci 6nc Pellet DET 5001 y agua alibre acceso

Ti po de cama: Miruta de madera, esterilizada en aut od ave.

Los an mal es fueron mane ados confor e alas especificad ones técnicas parala producci én
cu dado y uso de an nales delaboratorio NOM 062- ZOO 1999. H protocd ose soneti 6 para
su aceptad 6n d dCUAL

Los ani mal es se dvideron en 5 grupos de 5ratas cada uno. Los grupos se confor maron dela
siguente manera: Cuadro 2

Contrd = No d abéticg sin tratamento

Sin TX=1nducd do a d abetes con Estreptozotoci na sintratamento

Los grupos TxF1, TXf2 y TXC fueron previanmente d abetizados con Estreptozotocina vy
recikeronl os siguentes trata ment os:

TxF1 =tratamento con L23 Brij

TxF2=tratanment o con LF3- P407
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TxC=tratamento coninsuina Asa

6. 2Ingredi entes delos For mil ados:

INSULINA  RECOIVBI NANTE

Preparado HUMANA L- A FOFATI O LCOLI NA DE SOYA COLATODESON O  P407 BRJ L23
Ic 3

Brij L23 (F1) 3 1889 ng 25.8 ng 8.588 ng
LF3-PA07(F2) 3 mh 188.9 ng 25.8 ng 2147 ng

Atodos | os an mal es detodos | os grupos a excepcion dd contrd, selesindu oladabetes ti po
1, previa nmedd dn delas concentrad ones basa es de g ucenia y posteriormente se apicaron
50 ng/kg de estreptozotoci na por Viaintra peritonea (IP). Después de 24 horas se md dla
g uce nha para verificar si estaban d abéti cas, | as concentrad ones de g uce miase encontraban
por arriba delos 250 ng/dL (B da et.d. 2008).

Una vez d abetizadas, sead mnistraronlostratamentos delas dferentes for mul as deinsui na
ad d onadas enliposomas. Alos Gupos TxF1y Tx F2 se probaron dos dosis 8 U y 15 U delos
far macos yd Gupo TXFCseleadmnistrolainsuina comercid 8 U sinliposomas, d grupo
SnTxsdoseleindyola dabetes y noreciki dtratanmentoy d grupo Sn TX no presentaba
diabetes n redkb ¢ tratanmenta Todos |os tratamentos fueron adninistrados por via
subcutdnea (SQ y unicamente se apicd en una ocasi 6n

B proced nmento de nmedid on de g ucosa seredizd puncionandola puntadelacdadelarata
ytonmando una gota de sangre para apicarlaalatiralectora dd g uconmetro marca One touch
En todos | os grupos excepci on dd contrd, d que sdosele deter mndlag ucema basd, se
les md eronlas concentraci ones de g ucenia cada hora durantelas pri neras 9 horas, y alas
24, 28 32y 48 horas.

Todas las ratas tuvi eron ali mento y agua alibre acceso durante d estud o
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Después de un descansode 4 das, paralos Gupos TxF1, TxF2 y TxC se proced 6 dela nms na
manera encuantoalas nmed d ones, peroconlostratanmientos admnistrados por ia ord (PQO.
6.3 Eutanasia del os animal es

A findizar d estud g los ani mal es seles practicdla eutanasia y posteriormente se pasaron
alacdmara CO2 por 5 minutos, ukicada enla UNEXA Verificando que los an males no
respraran no presentaran funci én cardaca, ni los refl § os pa pebrd, interdgtd y punta de
lacda).

7.0 Resu tados

Seredizd d regstro dd peso corporad de cada uno delos an nmal es en cada grupo durante
todo d experi mento ysu canbi o através dd tienpo, obten endo una dferencia significativa

entred grupo SnTxyd grupo FC(* p= 0079) (Fgura 1).

430
420 *
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5 400
~ E
o 380 T
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&
380
370
360
350
Control Sin tx F1 F2 Fc
Grupo

Fguwa 1 Gdfica de vdores de peso nmedo de los ani nales enlos dferentes grupos. Se
observa mayor gananci ade peso en producto TxC conrespecto d grupo sintratanmento(Sn
Tx) (*= significativo).

Al os an mal es de todos los grupos seles hideronlos regstros basa es de concentraci ones de
g ucosa sangu nea obteniendo un vd or promedi o de 106.9 ng/dL + 18 96 L%
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Los an mal es delos grupos: SnTx, Tx F1, TxF2 y TXFCfueroninduci dos a dabetes nellitus ti po
| med ante la adicad 6n de estreptozotoci na (Sgna- A drich) en buffer de dtratos por via
intraperitonea (IP) arazdén de 50 ng/Kg De estos an mal es todos entraron en estado de
di abetes tipo 1(> 250 ng/dL) con excepci 6n de 2 ari nmal es que se consi deraron resistentes.

Alos an mal es que presentaron d abetes (g ucosa nmayor a 250 ng/dL) seles admnistraron
los dferentes tratanmentos (TxF1, TxF2 y TxQ con una dosis de 8 U (Fgura 2 y 15 U (Fgura
3) por via SC (subcutdnea) y las concentraciones de gucosa se mderon ala hora 1, 4
8 10 12 24,28 32 y 48 horas. Donde se nuestra que enlos grupos conla dosis de 8U de Tx F1
y F2lareducci 6n delas concentrad ones de g ucosa a rnivd es nor nogl ucémi cos se nanti ene

hasta por 8 horas, 4 hora mas que d tratamentoconercd (figura 2).
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E-l == Tx F1
o 300
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g 200 s T
o

100 - sy e e H 4 ot e —4—Sanas

0
1 4 8 9 10 12 24 28 32 48
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Figura 2 Concentraciones de @ ucosa en sangre de Ratas d abetizadas con estreptozotozina, uno de
los grupos sintratamentg 2 grupos tratados con Formul ados i nnovadores de insdina denoninado
TxF1 y TxF2 y un grupo tratado coninsdina comerdal (TxQ, lcs tratanhent os fueron ad nini strados
por via SC en una sd a dosis de 8 U y conparados con un grupo de ratas sanas.

Conladosis de 15 U Tx F1y Tx F2 se nuestra que | os ef ectos nor mogl ucémi cos | ogrados por

los tratamentos prod ema se dcanzaron dentro de las pri meras 9 a 9:30 horas con un
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incremento subito dela gucema a partir de las 10 horas, mentras que d TXClo dcanzod
indusive un estado de Hpogucema que perdurd por 1 hora recuperando d estado
nor nogl ucé mco 1 horay ned a después, recuperandola g ucena pad atinanmente hastalas

24 horas (Rgura 3.

o . 1hora . 4 horas . S horas | 9 Horas . 10 horas i 12 horas

Horas postratmiento

Figura 3 Concentraciones de @ ucosa en sangre de Ratas d abetizadas con estreptozotozi na, uno de
los grupos sintratamentg 2 grupos tratados con formul ados i nnovadores de insdina denomi nado
TxF1 y TxF2 y un grupo tratado coninsuina comerdal (TxQ, | os tratament os fueron adninistrados
por via SC en una sda dosis de 15 U y conparados con un grupo de ratas sanas. Dferencias
sigrificativas p=0.001 respectod rivd de gucema entre d grupo TxF1y d TxC

B siguente experi mento consistié en que alos an nmal es dabéticos (ducosa mayor a 250
mg/dL) seles admristraronlos dferentes tratament os (TxF1, TxF2 y TXQ consd a dosis de 15
U por Ma ord ylas concentraciones de gucosa se nid eron cada hora hasta las 9 horas
postratamento. En este caso ringuno de los tratamentos dcanzé concentraci ones
eug ucé mcas. Aunque todos | os tratamentos mostraron una ligera reduccion ala hora 4

postratanmento d TXF1 mostrd una tendencia auna reduccién delagucenia alas 4ylas 9

horas postratamento (Fgura 4).
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Figuwra 4 Concentraciones de g ucosa en sangre de ratas d abetizadas con estreptozot ozi na,
uno del os grupos sintratanmento 2 grupos tratados confor mul ados i nnovadores deinsuina
denonminado TxF1 y TxF2 y un grupo tratado coninsuina conmercd (TxC), los tratanmentos
fueron adninistrados por via ord en una sda dosis de 15 U y conparados con un grupo de
ratas sanas.

8.0 DOscusi 6n

En d presente estud o se utilizd un node o de Dabetes nellitus tipo 1 en rata wstar
e mpl eando estreptozotod na a dosis de 50 ng/kg por Viaintraperitonea (IP. Dekido a que
no presentaron hi perg ucena, dgunas ratas fueron redosificadas en uninterva o 24 hrs. De
las 25 ratas sdo 9 presentaron Dabetes Millitus tipo 1 en las pri meras 24 horas vy las
sigu entes ratas requrieron de una segunda dosis de 50 ng/kg de dlas, 2nunca presentaron
di abetes por | o que se consi deraron resistentes de acuerdo con Darmasceno, et. d .2005.

Se sabe que d efecto de la estreptozotoci na depende de su dosis ylamasa de cddas B
af ectadas. Por g enpl g una dosis baja de estreptozotoci na (igua o menor 50 ng/kg) afecta

alas cd das Binduci endo apoptosis sd o en dgunas cé Uas, por | o que causa una reducci 6n
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leve dela producc 6n deinsuing addonal nentelaliteraturainfor ma que una pequefia dosis
de estreptozotoci na tiene | a capaci dad de prevenirla nitosis delos precursores de cd Uas B
(Bequer, et. d. 2005). A respecto varios autores han reportado signos de regenerad on en d
pancreas siendo evi dente alas dos senmanas de evd ud 6n en ratas i noculadas en un nis no
da mnentras que las inyectadas, hasta d qunto da nostraban dteraciones en d patron
histd égico en d pancreas (Damasceno, et. d .2005). La capaci dad de regenerad 6n de |as
cédas B dd pancreas en ratas Wstar dsninuye rapdamente durantela pri mera senmana
después dela adninistrad én de estreptozotoci na en dosis mayores a 50 ng/kg Porlotanto,
dosis hasta por 100 ng/kg inducen Dabetes MHlitus tipo 1 practicamente después de la
pri mera dosis. En este ensayo se utilizaron deirnido 50 ng/kg dado que en estud o previ os
se not6 que un dto porcentgje delas ratas desarrdlaba d abetes alas 24 horas y eso per mite
un ahorro en d uso dela estreptozotoci na. Aun asi, hay ratas que nunca llegan a presentar
D abetes Millitus tipo 1 y se consideran resistentes (Bequer, et. d. 2005). Sn enbargo,
tanbi én puede ser que la via de administrad n de estreptozotoci na para lainducci én de
d abetes no haya sidolaadecuada, ya quelavialP en generd es dfidl degecutar de manera
correcta, especid mente en pequefios roedores ya que no se puede asegurar que la dosis se
esté admnistrando en la cavidad peritoneal o en d intesting ola vegiga u otro érgano.
Ocasi onal mente se pueden dafar vasos sangu neos produciendo henorrag as. Ademas, d
uso repetido de esta técnica puede producir un serio estrés debido a la necesaria
inmovilizad 6n Es recomendal e noi nyectar nas de una vez por daaun misno an nal (Lews
et. d. 2016); (Qaasen et. d. 2014).

Conrespectoalahipdtesis danteada se observd que ninguno delos preparados probenma o

for mul ados innovadores, conpuestos por insdina contenida en liposomnas, redyo las
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concentrad ones de gucema por mas de 12 horas cuando fue adnministrada por via SG es
decir se conportaron cono lainsuina conmercial de acd 6n inter meda (48 horas), cuyos
ef ectos sobrela g ucenia fueron varial es depend endo dela dosis uilizada. Asi, se observod
que, si se utilizaban 8 U de los productos prob ems, sus efectos mids potentes sobre la
g ucenma se observaron delas 4 a 8 horas postratamiento. Las dosis de 15U presentaron un
efecto mas potente aunque con una inducd on hacia un estado normogl ucé mico nuy
drasticoy con durad 6n maxi ma de 130 horas, asi conp una recuperad 6n de h perg ucenma
tanbi én drastica en d lapso delasiguente hora. Conparada con d producto conmercid ala
dobl e dosis, éste produo una h pog ucenia severa marcada con duraci on pronedi o de una
hora y una recuperad én pauatina de la hperg ucenma en un lapso de 10 a 24 horas
postratamento

Enlo que respecta ala ad ministraci on delos tratamentos por ia ard, éstos no nostraron
una reducci on significativa en los rivdes de gucosa. Eso sugere que los for mul ados
innovadores liposomnas flexiHes usados, no superaron todas |as barreras @ T, consi derando
qguelainsdina estaba proteg da dentro del os portadores y ad d ona nente proteg da por un
pdi merg y de acuerdo a pruebas in vitro prdim nares, soportaba los canbios de pHyla
agresi on enzi matica, pero probab emente nofuesufidente para atravesar lacapa nmucosa. Es
comin que las particdas delos portadores de far macos administrados por via ord queden
atrapadas dentro delacapa nmucosa dd intesti no, i ndepend entenmente de sutanafio. Estas
particdas atrapadas en d noco tienen una capacidad nuy li nitada para la absord dn
sisténica ylaadnristrad on de far macos (Adriegas, et. d. 2019).

Los desafi os para desarrdlar una for mul acion de insdina ord estan asod ados superar |as

barreras que tendrian que cruzar. Adenas dd pH labarrera prind pa eslaabsord 6n através
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de la nmenbranaintestinal. En tér mnos generales, la absord én de noécuas en d tracto
gastrantestina (GT) ocurre através delaruta paracd Uar otranscd Uar. Las nol écu as con
un dto peso no ecdar, cono lainsdina (6 KDa), no penetrarian através de esta ruta Este
gran tamafio nolecdar, su carga y su hdrdfilia i npderon la absorddn de insdina por
difusi 6ntransce U ar. Las uni ones estrechas presentes entrelas cd Uasi npi den d transporte
paracd Uar de drogas, conla excepcion de las mol écud as de drogas h drcfilicas que pesan
menos de 200 Da ( Mustata et. d. 2006). Sn enbargo la evidencia morfocitoqu nica y
bi oqu nica parala absorcion deinsdina se denostréd enlarata GT (Bendayan, et d 1994).
Esto selogro nmedantelainfusion drecta de insuina en varias partes dd GT, segu do de
visualizad én con marcadores de oro ei nmunoensayo deinsuina ensangre(Khan, et. d. 2003)
Se descubrié quelainsdina se adsorbe ala nme mbrana das mética apcd y seinternaliza por
endocitosis (Bendayan et. d. 1994). Por lo tantg si los liposomas flexides son lo
sufidentementeflexid es conp para pasar através delas ne nbranas li posd ub es por | o que
deberian adaptar suforma para pasar ind uso a través de uniones estrechas. (Cevc, et. d.
1998). Cbstacu os addonales sonlos cambios de pH ylas enzi mas en todo d GT. En d
estdnmago hay proteasas asparticas conmo |a pepsing en d intestino dd gado, las proteasas
pancredticas que consisten enla seri na endopepti dasa (tri psina, o qu notri psi na, dastasa y
exopepti dasas, carboxi pepti dasas Ay B sonresponsal es dela degradaciéon delas prote nas
(TenHoor, et. d. 1992).

Otra barrera que debe superar eslacapa de noco presente en d intestino. H revesti mento
de muci na presenta una barrerafisica enlugar de qu nica. Seinfor ma que lacapa de nucina
es mas gruesa en d estémago y d cd on nmientras que en d intesti no dd gado d grosor varia

segln d grado de activi dad d gestiva La capa nmucosa ds mnuyela ve ocidad de dfusi 6n de
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los far macos para dcanzar la superfide de absorcion de las cd Uas eptdides, aunque d
efecto es insigrificante para los fér macos h drofilicos de bajo peso noecdar. (La, e. 4.
2009). Parareducir d ataque enzi méticoy proteger | os canbi os de pH es necesari o mantener
lainsdina dentro dd portador; por esarazén se sel ecd onaronlos li posomas, porque tienen
buenas prop edades para per near las ne nbranas por que su estructura de kicapa es si il ar
aladela nenbrana cduar, yse ha denostrado quelainsudina cuando se encapsu a dentro
de los liposonmas probabl enmente estd proteg da de la degradaci én proteditica en d GT
ade mas, laadnministraci én deliposonas noinfor ma n ngun efectotdxico( Owens, et. d. 2003).
Sinenbargo eneste ensayo nose denostré que hubi era canmbi os enlag ucenia con ni nguno
delos tratanmentos por lo que se debe segur i nvestigando dentro delos dferentes ti pos de
for mul ados conliposomasind uyendo td vez atro ti po de exd dentes. Por g enpl g es sabi do
quelaaddon dd exddente pd oxamero 407 afiad do alafor mul ad én de li posonmas parece
reducir las concentraciones de g ucosa de an mal es dabéticos hasta un 47% por via ord

(Fazd, et. d. 2018). Snenbargo, estetema sobrepasalos dcances dd presente estud a

9. 0 Concl usi 6n

Los resutados de este estud oindcan que |l os liposonas fl exi d es afiad dos con tens oacti vos
manti enenlainsuina proteg da dentro de dl g sin enbargo, es necesari ohacer més pruebas
con dferentes propord ones del os for mul ados i nnovadores basados enliposomnas paral ograr

mej oras enlaliberad onin vivo de esta protd na cuando es ad ninistrada por dferentes rutas.
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Abstract: Background: Inzulin has been mcluded in a variety of dosage forms; nevertheles:, lipe-
somes have shown protection to degradation ard better absorption. The addition of surfactant 1o lip-
ozamas could gove the ability to deform and pass through intact membrages, and could increasa the
stability and the relsase of the dnig.

Ineroduction: Due to the limitastions of the cument trestment of insulin in diabetic patients, investi-
gation in altermatices routes has increzsed The oral route is the most convenient because of the
similarity with the natural secretion of this hormone The zim was to evalate the m-vive effect of
fourtear formulations of Insulin-loaded flexible liposomes with different surfactants by ol and
subCitaneas routes.

Methody: Fourteen fonmulztions of msulin were obtamed with the addition of different surfactants,
Size distribution, polydispersion index and £ potential were obtained for all formulations. Je-vree
fests were performed in rats induced with experimental dizbetes with strepiozotocin, and ghucoss
Cunves were obtained during 450 minutes,

Resuire: All fomnzlations by the subcatansous roufe caused an optimal reduction m ghicoss levels.
However, the addition of Brij L23 produced a better recuction, lasting for 420 minutes. By the aral
route, the reduction of ghicose did not reach the normsal Jevels, but the additions of Poloxamer 407
and Brij 5170 showed the best reduction in the ghicose levels by this route.

Concluvion: The addition of sarfactants to the lipid snechure can niodify’ the releass of the insulin
by different routes of administration, but this behavier depends on the charactaristics of the surfac-
fand, suwch as the melting phass tramsition temperatare of the Llipid bilayer.

Keywords: Tensoactive, insulin, lipid vesicles, digbates, nanocarrier, liposome.

L INTRODUCTION

The findings for improvement in disbetic patients by
insulin therapy are necessary as the treatment has besn con-
fined 1o the use of parenteral route fior the application of sub-
cutaneous and intramuscular injections; this routs has been a

*Address comrespondance 1o this asthor at the Physiclogy and Pharmacale-
iy de Vetermary MMedicine Schecl, Univemidad Macicmal
Auttmcmsn de Maxics. Mlémics Univarsidad 3000, Circaoito Exterior S
Dulegacion Covoacis, C.P. 04310, Ciadad Univarsitaria. COM Mamica:
Tal.: 32 (35) 3611-39 30 ext. 110, E-madl: dincrak vestradaifamsail cam.
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successful treatment but also has a lot of limitations, which
inclade pain, discemfort, lipodystrophy and peripheral hy-
perimsulinemia, Alternative routes have grest imporiance m
the imvestigation, and researches inchude them in oral, buc-
cal, nasal, rectal pulmonary, ocalar and transdenmal routes.
Monetheless, the oral route is considered the most comvenient
becmre it has the most similar action to endogemous insalin [1].

A successful oral formulation protects insulin from being
broken down in the stomach and releass the honmone intact
for absorption in the intestinal fract, avoiding toxic effects.

2000 Beatham Science Publisker:
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Inzulin controls some nmamral bamriers to achieve intestinal
sbzorption, and these bariers include gastrointestinal pH
conditians from the acidic gastric envirorment in the
ztomnach to the slightly basic intestinal emwirormment, a -
minal enzyvenaric barrier, intestinal epithelial barrier, mucus
intestinal layer and efffue by glucoprotein P [2, 3].

Previous rezearches have mcladed insulim in 2 wide vari-
ety of dosaze forms; nevertheless, the use of liposomes has
shown protection of dmzs fom dezradation and mproved
sbrorption through the mucous membranss; the main disad-
vantage is the fast clearance of liposomes by the orzanism
[4, 5]. The uze of liposome: bazed systems for oral mzulin
delivery has been investizated extenzively in apimal smdies;
variable reductions i blood glucose have been reported de-
pending an several factors including lipid composition, pres-
epce or abzence of surfactamt, size swface charge, and the
plhyzical state of the phospholipid bilayer emploved [6]. Pre-
vious studies have demonsivaied that modification of lipo-
zomes with different pobvners and swisctams could effi-
clently protect liposames i the circolation [7]. In additien,
other types of lippsomes called ulwa flexibles or wansfer-
somes: have shown the ability o deform passing through
intact membranes and have dizplaved adeguate therapeuatic
effects withour cansing alwerations in the area of application
[4, 5]. However, flexible lipozomes have not been tested by
amy other route than the dermal.

The deforrnability of these mypes of lipid vesicles iz be-
cause they adjust their shape according to the changing envi-
ronmental conditions, Thizs ccours easily, rapidly and revers-
ibly., When a flexible liposcme i3 expozed to non-umifonm
local swess, zoch thar it enforces azzregate elomgation or
non-:phericity, individual ageresate components start o
separate in different membrane regions [B), The first step of
flexible liposomes medizsted drg transport across an mtact
membrane iz the delivery of carrier azsaciated active ingre-
dient inta the vizhle spidermal tizzoe, just below the zkin
arrier [, 18], Then, the delivery rate depends on the carrier
compozition and desizn, on the applied carmier doze, and on
ather application parameters, The relsaze rate is also affected
oy drug characteristics. Small and zoluble drugs or with low
affinity for the carrier tend to dissociate from the carriers and
diffuze rapidly into the bloodstream In comirast, larger maol-
ecules or with high affiniry for the carrier are disgibuted in
the skin by imtersutial fuid flow through the lymphatic sys-
tem [B, 9, 11].

Conzidering their deformable characteristics and the ef-
fects found with insuliy, it is considered thar the flexible
effect of these zhould be useful for amy other biological
membrane, 50 the main objective of this study was o evalu-
zte different kinds of surfacrantz in the lipid soucnre of flex-
ible liposcones, loaded with insaling by aral route in dizbetic
animalz in arder to reduce the degradation and also decreasze
the trauma in the zpplicatien [4, 5, 11, 12].

I AMATERIALS AND METHODS
2.1 Materials

Human recombinant insulin (Pisa Asropecuaria, hJexi-
co), Sov L-a-phosphatidvicholine (Siema Aldrich, Bléxica),
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Sodium cholate (Sigma Aldrich, México), 18:0 PEG-2000-
PE (Avanti Polar Lipids, Alsbama USA), Dimyristo-
yiphosphatidvlcholine (DMPC) (Cavman Chemical Co.,
Mexico), Polotamer 132 and 407 (Sigma Aldrich, México),
ERI] (Polvetavlens zlvcol octadecyl ether) 510 amd BRIJ
L23(Sigma Aldrich, México) and Sucrose > 99,5% (Sigma
Aldrick, Mexice) were acquired from the mamufachuring
Companies,

1.2, Flexible Lipozomex

The coniral group was a commercizl non-liposomal hu-
mwian recombinant insalin (Pisa Agrepecuaria México), a
secand comtral was 3 waditional flexible liposome (FL-C)
with a relstively zood emcapsulation percentage [=81%),
[Sov L-o-phosphatidylcholine (PC), 88,2%, and sodium cho-
late (5C), 11,8%] and third control growp was the same FL-C
with PEG: 2000 addidon with good encapsalation (=21%),
[13). Other srowps were manufactured with egual BC and 5C
percentazes, but with some different surfactanis as a part of
the lipid strucnure, all the details are summarized m Table 1.
All formulstions were prepared ar 10 mbd concenwation and
loaded with human recombinant mzulin at 15 UlmL.

1.3, Preparation Method

Flexible Liposomes (FL:z} were marufscnred by the
Heanng Method [14]. A hydratung solotion (Swcroze 10%,
[157) in addition to meulin was mixed in a ball flask with
phozpholipids and PEG-2000 or'and elected surfactant, the
zir was replaced with a nirogenous atmosphere for the re-
duction of lipid oxidation. The flacks were kept in a water
bath at #0°C with constant apitation for 40 minoes. Then,
the lipozomes were placed at room temperafure uniil reach-
ing 25°C before packazing them into bottles [14].

2.4, Flexible Lipozome Characterization

241, Pardele Size, Size Distributgon and £ Pocenial

The particle zize, size dismibution, Polydizpersity Index
(PDT) and Zeta Potental (ZP) of the flexible liposomes were
measured usmg 3 Dynamic Light Scattering (DLE) specivo-
photormeter (Zetasizer, Mano Sizer, MALVEERM). The sye-
tem was vsed in the autemeasuring mode.

242 In Five Scudy
2421 Ariweale

Ome hondred and thiroy-two (132) healdyy male rats of
Wistar lineage were uzed, with weight=s between 380 - 430
grarns, The experment was approved by Subconumnities on
Research, Care and Use of Experimental Animals (SICUTAE)
of Universidad Macional Autonoma de hlexice, according to
Mexican law NOK-062-Z00-1992. Animals were kept in
the controlled-temperatore room, were fed with Foremulab
Driet 3008 (Labliet, St Lowis, RO and free water access,

1422 rimenial Diabetes

Amnimals were mduced to disbetes type | with one intrapesi-
toneal injection of 55 mgHe of Stweptozotocin (STZ, Sigma
Aldrich, Mexico). Glucoze values of all amimals were evalu-
ated 24 hours later 1o determine dizbetes. Animals with glu-
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Tablel. Proportions of phasphalipids, polymers and surfactants nsed in the preparation of the flexible liposomes.
Phioipholigids Palvmer Surfactants
Formalation FC 5L FEG-1000 DMPC P153 P07 Erij 310 Brij L23
FL C BEZ 11.8 - -
FL + PEG ¥ 10.8 10 -
FL-C1SPEG [F %] 17.7 BE -
FL + PEG'DMPCL e ] by B B3 -
FL + PEG/DAPC2 L] ] B.B 119 -
FL + PEG/DMPL 67.1 pa B.3 152 -
FL/ P1BEH) B33 11.4 - 3.3 -
FL/ P1BE(]) ¥ 10.8 - 10 -
FL/ PO B33 11.4 - 4.3 -
FL /40702 i 10.8 - 1 -
FLBrij 3IC(1) B4 11.5 - 41
FL/Erij BI0(I) E0LE 11 - B
FL/Bagj L1 B2 11.5 - - !
FLBaij L1342 E0E i1 - - B2

cose vahues over 250 mg'dl were considered diabetics, and
insulin freatment was conducted 14 hours after diabetes -
duction [14]. The blood glucose concentrations were ob-
tainad from coccygeal vein punctare by the uia of glucome-
ter (Accu-Chek®™ wG, Foche) and cxidase-peroxidazs test
atrips [17].

2428 Sendy Design

Haalthy animals were used as their own controls, bafore
the diabates induction. Glucose cancentrations wera obtamed
at 0, 15, 30, 45, 40, 75, 90, 105, 120, 135, 150, 145, 180,
240, 300, 340, 420 and 480 mimrtes. After that, all animals
ware mdwced to experimental diabetes, a3 explamed previ-
ously. Twenty-four (14) hours later, amimals with glucose
values aver 250 mg/dL were considered dizbetics, and were
uged to obtain 3 glucose curve for STL diabetic animals at
the same tima panods.

Then, animals were divided randomby inta two big
groups (sixty animals in each) to recabve a single dosa (0.5
U100 g) of imsulin in two different routes (oral and subcu-
tanecous). Each big group was subdivided into sevantesn (15)
amall groups (4 animals in each), which received different
treatments by the respective administration route (insulin
aloma or any of the fourteen formulations described above in
Table 1) and another extra group was the diabetic contraol
without trestment. After that two formulations that showed
retarded action wera tested for 48 hours, Elood glicose con-

centrations were obtained at 1, 4, 8§, 0, 10, 12, 24, 28, 52, and
48 hours after administration. The study design is summa-
rized in Fig. 1.

1.5, Statistical Analysia

Liata are reportad as the mean = Standard Deviation (SD).
Dhata nommality was determuned by the Shapiro-Wilks test,
and the homogeneity of variances by the Levene test. hean
comparisons ware mads with the AMNOVA test and the dif-
farences betvneen means by the Tukey test All the results wera
alptaimed usmg stabistical sefbware (IBM SPSS statistics 20}

3 RESULTS

3.1 Phyzical Characterization of the Lipid Particles

The particle size and zize distribution data are summa-
rized in Table I. The value: are expressad as intansity distri-
oy, which describe how much light is scattered by the
particles in the different size bins [17]. The results shewed
that all formwuolations with the exception of FL-C,
FL-FEGDMLPC], FL+FEGDMPCL, and FLP401 (1) pre-
sent three different groups of sizes. The most predominant
siza group in each formulation was over 430 mm, however,
this measurement was weighted accarding o the scattering in-
tensity of each particle. As such, the bstensity distribution can
be somewhat misleading in a small amount of ageregation’
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made with Sweptozotocin (5TZ) Inraperitoneal (IF) injection Twenty-four (24 howrs Later, animals with ghocose values over 230 mg/dl
were considered dizhetic. Different msolin treatment wa: 2ssizned to the animals and glucose curve was obtamed after insolin adeinistration.
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Table 2. Alean diameter size and diziribution of panticles of the flaxible lipozome preparations loaded with insulin reported as io-
tensity measorements obiained by Tetasizer analviis,

Fk1 hlean Pl Pl 2 Meam Fl2 Pl 5 hlean Flkl
Formularion
(d.mEa) (94} {dmms) [%a) (dmm) (V&)
FL 61137 &3 44 E3.60 0,42 11350=1212 14402 0,62 0,00 = 0,00 0,00=0,00
FL +PEG 811.50£321.61 E4.07 £13.50 114.43 = 103,08 ILTT= 1146 462,00 £5000.48 4132301
FL-C1BPEG 242,53 x15.82 B9 £3,8 107, 7 210,44 3Ny 000 0,00 0.00= 000
FL = FEG/DAMPC] 476 1+13.1 TII&3E 1004+ 48 LN 0.0 0.0 00200
FL +FEG/DNMPC2 IELE&4TE THEE4.5 Hil=136 52145 G000 LO=00
FL + PEG/DMPCS EM. 13219 JRE& 1T el =566 4=13 13860& 15945 g3z 1l
FL/ PIEE(]) B75.B£13LE #L1£37 1702.6 = 2750.7 1.7&03 13804 2752.2 2118
FL/ PIEE(D) STe0 & 1282 Glox39 1315.1 = 2EED.D TE40 17T45.7 & 3030.3 D407
FL/ P4OT(L) BT T & 1381 31173 1340.3 = 2EELS EE=xTH 0000 0.0+£0.0
FL /P07 B130£522 ToE£ L] 4304.7 = E41.E 1442130 M.T£35.8 4641
FLEBm 511 10145 =111 4 TEEE54 1746,8 £ 2784 2 1472 1E L6037 £2084.8 I B
FLEm 510(2) 100634 201 4 Hozo% 1565 = 1024 14.7%8.9 16982 & 20416 Lizll
FLBrij L13(1) ™I0&11E1 HIx154 1350.3 2 22366 18x174 34963 £ 3023.3 2930
FL/Brij L13(2) d69.2 450 ER4£14 L5046 % 2674.1 17226 16804 £ 2333.3 3E=ll
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agglomeration or the presence of a larger particle spacies can
dominate the distribution. Monetheleas, this distrilbution can
e uszed as 3 sensitive detactor of the presence of large mate-
rial in the sample [18]. All samples showed the pressnce of
three main groups of particle sizes, with the exception of FL-
CI2PEG, FL + PEGDMPCI, FL = PEGDMPCI and
FL/p407 (1), which showed two groups of parmicles. Even so,
thesa data are comparative because the Zetasizar IMano uses
the Nlie theory by dafault to conveart the intensity size distri-
ations into volumes and numbers for all of the particle sizes
[19].

The PDI was calculated from a simple tweo-parameter fit
to the correlation data (cumulant analysis). These results are
sunmarized in Table 3. PDI of 0.2 and below i considerad
to be acceptable and indicates a homogenous popalation of
phospholipid vesicles [20, 11, 21]. The data shows that
FL+P407(1) kas the closest value to the homogensity. FDI
above 0.7 is considared as a highly polvdisperse sample, all
the samples with DMPC and low amount of Erij 510
(FL/Brij 510 (1)) are over this value. The rest of the formuls-
tions showed & mid-value of PDI, which indicates a hetero-

The ZP data are also summarized in Table 3. Adequate
ZP i3 greater than 30 and lewer than -30 mV, according to
this, just the three formulations with DRIPC, FL-C18PEG,

36

FL+PEG and FL-C showad adequate ZP, but the last showad
the higher ZP valua.

3.1 In Ve Study

In wive stady showed that the basal ghacose level in fast-
ed animals was mamtaimad under 117 mg'dL, while experi-
mental diabetic animals without twaatment showed glocosa
levals over 400 meg/'dL.

All the different formulations ware tested by oral and
subcutanedus routes. The ghicose concenfration “of haalthy
animals, disbetic animals and treated amimals with insulin
and 'Iiui’:rurlm{lﬂ different formulations by the aral routa
are showm in Fig. 2 and Supplementary Table 1. In the oral
route statistically, all formulations did not show differences
in glacese vahies at any tmne betiween them and with the
commercial imsulin {p=0.05), with the exception of FL-C that
showed a difference 30 minates after insulin administration.
However, the administration of all formmlations showed a
reduction in the levels of insulin in different percentages in
comparison with diabetic contrel, but none showed a reduc-
tion below desirable levels. During the first 30 minutes, a
reduction tendsncy was noticed in all formulations, with the
enicephion of FL-C. Both fonmulation: with P407 showead tha
highest reduction in the levels of glacoss, FL' P407 (1)
showed a reduction between 12,3% and 47% in comparisan
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Table 3. Paolydispersity index [FDI] and Zets potential [messured usisg a Tetasizer] were obtsined for the flaxible ipeiome prepa-

Arcimiegey a¢ al

rafions boaded witk insukin.

Formulsiien FDI Zetn Pocemiial

FL C 0833 200912, -0 £ 155

FL +PEG 0.493 £ 0015, -55.0 &2 £3
FL-C18PEC 0.B32 & 0,034, -31.0% 195,

FL + PEG/DMPC] 0.721 & 0,003, 41521 45,

FL +FEG/TMPCI 0.701 & 0.044, 361 1.04,

FL +PEGTMPCE 0.76%0.047, 4l4=11l,
FL'PLAS(LY 0.525 £ 0017, -21.7& 134,

FL' PLAZ(T) 0.458 = 0043, 01 &1.27,

FL/ P407(1) 0,354 & 0,006, 1362 LET,

FL /P407(Z) 0.548 & 0062, -1l £ 0.624,
FLBeyy 510{1) 0.814 0,087, =106 & 0.503,
FLBeij 510(1) 0518 & 0004, -10.7 = 0666,

FLBrij L23(13 0.556 =000, 1652157,

FLBrij L23() 0471 £0.011, ~11E 0603

ses W ithin & sodurmn, the veluzy withsui ipk lstier differ aigmiBcsaily [P+ 0.05)
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Fiz. (3). Ghucoze cwrves (mean = 500) obtained by veinpocoore in rats with experimental diabetes induced with 5 5me Kz inmaperitoneal doss
aof sireptozotocm at different times after subcutanecos admindsration for 2ll the formulaton: obfamed and commerciz] insuln. (4 Righer
resoiution  colour verzion af thir flgure ir availebie n the elecrranic cogy af the article)
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with the diabetic control, and the maximmim reduction oc-
curred 240 minutes after msulin administration; meanwhile,
FL/ P407T(1) showed a reduction betvwean 16 5% and 34.3%
in comparizon with the diabetic control, with the matimum
reduction at 300 monrtes, FLBrij 510 (1) showed & slowear
reduction in comparison with the others, reaching the maxi-
nam effect at 360 minutes.

I the subdutanesus route, statistically, all formulations
did not show differences in ghicose valuas between them and
with the commercial insulin at the basal point and 340
mimites after injection (p=0.05). Statistically, a similar be-
havier to the commercial formulstion was evidenced in all
formulations in all points of time, with the exception of the
120, 180, 240 and 300 minutes whare bath formulations with
PLEE showed differences (p<0.05). All formualations showed
& reduction in the ghicose levels to desirable valuas around
G0 minuter after injection BEoth fonmulatien: with P188
showad a quick reduction in the glucose levals just dunng
the first 60 minates and after that, the levels raached again to
digbatic vahies. In the FL/Brij L3 (1}, the glucoss reduc-
tion lasted under 155 mg'dl during 410 minutes, and still
showad glocesa levels around 100 mg/dL in the 480 hours,
All data are summiarized in Fig. 3 and Supplementary Table
1

Accerding to the slow reduction in the glucese lavels
showed by FL/Brij L23 (1} and FL/ P407 (I}, both were tast-
ed for 43 hours to detarmine the duration of this retarded
affact By subcutanedus routs, the samples were tested with
two different doses, & single dose of 0.5 U100 g and
13U 100z, Data are summarized in Fig. 4 and Fig. §, re-
spectively. Statistically, both formulations administerad sub-
cutaneously at 0.5 UL'100g did not show differences betweean
them and with the commercial insulin &t any time {p=0.05).
However, FL' P407 (1) did not show differences with the
healthy animals during 4 and § hours after injection. With
1.5 UL'100g dose the FL/Brij L13 (1) and FL' P407 (1) did
not show differences in glucose levels during the respective
times (p=0.03), but wers similar to the healthy animals after
B and © hours afier the imjection (p=0.03); while the com-
mercial insulin showed similar levels of glucoze to the
healthy animals 8§ hours after the injection lasting the affact
until 24 hours (p=0.03), in the rest point of times the affact
of the conunercial did not show differences with FLEry
L23(1) and FL, P407(1), (p=0.05). Statistically, the behavior
of the FL/Brij L23 (1) did not show any diffarence betwean
doses in awy time (p=0.05), with the exception of 4 and 9
hours after imjection; FL P407 (1) did not indicate amy dif-
ferance between doses m ay tome (p0.03), wath exception of
4 and © howrs after injection, maaning that the behavior of both
formulations in spite of the dose was the same in all points of
time, with the exception of 4 and 9 hoirs after nijection.

The resulis obtained for the oral route with a dose of
1301100z showed that the behavior of the FL/P407 (2] did
not differ statistically from the commercial insulin in all the
times (P>0.05), with the exception of the 48™ hour (p<0,05).
Moreover, FL/ P407 (1) was similar to FL/Brij L23 (1) just
during the first ® hours and between 24 and 31 hours
(p=0,05). However, none of them by the oral rowts showed
similarities with the healthy animals (p<0,05). Data is
showead in Fig. 6.
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4. MISCUSSI0N

It was reparted that msulin entrappad v liposomes re-
diuces significantly the plasma glucose levals of diabetic an-
imals by the oral administration [23], suggasting the possi-
hility of liposomes a3 a tool of oral delivery of peptide drugs.
However, the efficacy of liposomes as an oral dosage fonm
has not bean definad yet because of the complax behavior of
liposomes in the Gastromtestinal Tract (GIT) [24, 23).

The challanges of developing an oral insulin formulation
are azgociated with the barriers that would have to cross. The
majar barrier it the absorption through the gastraintestinal
membrane, In general terms, the absorption of molecules in
GIT occurs through the paracellular or transcelhilar roufe.
holeculas with a high molacular weight such as insulin
(6 KDa), would mot penetrata through this routs. This large
molecular size, its charge and its hydrophilicity mmpade msu-
lin absorption by transcallular diffusion. The tight junctions
present among the cells prevent paracellular transpart of
drugs, with the exception of lydrophilic drug molecules
waighing leas than 200 Da [24]. However, morphocytocham-
ical and baochemical evidance for imsulin absorption was
demonstrated in the rat GIT [27]. This was achieved by di-
ract infusion of insulm mto various parts of the GIT, fol-
lowred by visualization with gold markers and immunoassay
of insulin in bleed [28]. It was found that insulin is adsarkad
i the apical plasma membrane and internalized by endocy-
tosis [27).

Wheralby, flexible liposames are sufficiently flaxibla to
pass through the pores considarably even smallar than thaim-
selves; this deform capacity is the reasom to select them to
probe by this route, because flexible liposomes should be
adapting thedir form to pass across tight junctions [4, 11].

Additional obstacles are the pH changes and the enzyvines
throughout the GIT. In the stomach aspartic proteases ame
present callad pepsins, whersas in the small intestine, pan-
creatic proteases consisting of the serine endopeptidaze
(rypein, o~chymotrvpsin, elastase and exopeptidases, car-
boxypeptidases A and E} are responsible for the degradation
of proteins [219]. To reduce the enzyvimatic attack and to pro-
tect pH changes, it is neceszary to keep the insulin insida a
carriar; for that reason, liposomes ware salacted, they have
goad permeation proparties becauss their bilayer strocture is
similar to the cell membrane, and it has been demonstwratad
that encapsunlated insulm within lipesomes 15 probably pro-
tected from proteclytic degradation in the GIT [22, 30, 31],
additionally the administration of liposomeas does not raport
any toxic effect.

Anothear barrier is the mucus layer present in the gut The
miicia linmg presants a phvsical barrier rather than a chemi-
cal ane. It is reported that the mucin layer is thickest in the
stomach and colon, whereas in the small intestine the thick-
ness varies depending on the axtant of digestive activity. The
mnpcus layver decreases the diffusion rate of drags to reach the
absarprive surface of epithelial cells [31], although the effect i3
insignificant fior low- molecular weight beydrophilic diags [§).

However, liposomes al:o have some limitations, firstly,
they generally show a short circulation half-life after admin-
istration due to uptake of liposomes in the Feticuloendothelial
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Fig. (4). Glucoze curves (mean = SD) obeained by veinpucture in rats with experimental diabete: induced with 33mg/Kg intraperitoneal doze
of streptozotocin at different times by subcutaneous route for all the formulations obtained and commercial insulin. {4 higher rezolution /
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Fig. (5). Glucoze curve: (mean = SD) obtained by venpucture in rats with experimental diabete: induced with 33mg/Ke intraperitoneal doze
of in at different times by subcutaneous route for all the formulations obtained and commercial insulin, (4 higher rezelution /
colowr version gf this figure is avallable in the electronic copy of the articie).

39



(Rurese Respomse gfter Tromomenr with Flodble Liperemes gf furdin

b= A RLH

150 (0]

%l ]

Pt oo g dl

1800, 0

L ] Bl s sassnsansansnnninsns g sin

i I iz L7 a1 i
Time |haurs|

Lares in Drag Dexign & Discevery, 2020, Vel I7 Mo 0 8

0 Haally
& [halwis
== B L)
Fis Pl

L

EF) w a 4T

Fig. (8). Glucose curves (mean = 50 obfained by veinpactare in rats with experimental dizbetes induced with 35mg Kz intrapentonzal dose
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System (FE3); secondly, they ara prone to adhare to each
other and fuse to form larger vesicles i suspsmsion, Which
may result in inclusion leakage. Therafore, stability i3 a gen-
aral problem to lipid vesiclas [35, 34]. Mamy atempts, such
as the surface modification of liposomes, have bean mvesti-
gatad to onprove their properties. Generally, the surface-
modified material of liposomes includes proteins, polvsac-
charides, ghvcolipids and PEG. PEG 18 2 water-saluble, non-
taxic, nomantigenic, biocompativle polymer that has bean
approved by FDA for Inuman intravenous, oral, and der-
mal applications. PEG pobymer forme an outer shall on the
liposomes with bensficial effects. Water-soluble polysth-
vleme glycol fonms protective polymer coating, which iz
commonly used in liposomies to create a steric barrier and
was found to improve the corculation tims of liposomes by
dacreasing the uptake in the FE3 [35], but also potentially
affacts vesicle stability.

The characterization of the formlations allows to obtain
imiportant information ralated to the behavior of drug [35,
38). The pobcdispersity describes the degree of “non-
uniformin” of a distribution. All the samples axhibited pol-
ydispersity, but FL+P407 (1) showed homogeneity. This
could affect the stability of the system in tarms of particle
agglutination [7, 34). The ZP s an mdicator of the disparsion
stability, itz magnitode indicates the degree of electrostatic
repulsion betwess adjacent particles in & dispersion [35, 36].
When ZF results greater than 30 and lower than -30 m\/, the
repulsion between particles i3 greater, and the systam be-
comas more stable. Only the three formulations with DMPC,
FL-C18PEG, FL+PEG and FL-C showad adequate ZP.

All the formulations administered by the oral route did
nat show a significant reduction in ghicose levels; howeaver,

the addition of polocamer 407 seams to reduce the levals of
digbetic animals to 47%. It suggests that flexible liposomaes
did not overcome all the GIT barmers, considarng that msu-
lin was protected imside carriers and additionally protectad
by modified polymer, it supports pH changes and enzymatic
aggression, but probably it did not enough o cross through
the mucus laver; it is common that particles of drug carriers
sdministered orally become emtrapped within the mucosal
layar of the intestine frespective of their size [§]. Thesa mu-
cus-entrapped particles them have wvery limited ability for
gyvEtemic absarption and drig daliveny.

All the formulatien: administerad subcutaneously
showed a reduction in the glucesa levels to nonmal values.
However, all fonmulations reached higher vahues of glucos
before msulin was administered alone, with the exception of
the FL/Brij LI3 (1) and FL/Brij 510 (1}, which still showed
some therapeutic effects during 480 minutes of post-
injection. The fact that glucose levels decrease with subcuta-
nesous imjection of namocarniers indicated that formualations
can releasa their content. However, regardless of the axcal-
lent encapsulation efficacy of thess flexible liposcmes, the
release of meulin was limited i vive by the oral rowte. It
suggests that another possibility is that the nanocarrier did
nat permit that the protein crosses ity membrane, becaise the
transition temparatare of lipid:s used in the fabrication not
reaches an adequate thermal environiment inside the body to
relezsa its comtent. For that reason, i is necessary to madify
this ransition temparatare. The polymorphic transitions of the
lipid particle matriz produce a bamier to physicochemical
characterization and successful formmilation devalopment [37]).

The results in the size are suzeesting that the structare
and amount of surfactants have 3 significant effect in con-
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wolling the sizes of the liposomes, The Brij 510 has a carban
chain in C18, and Brij L23 has a carbon chain in C12, BErij
compounds have saturated chain with 2 hizh melting temper-
sture, which renders the lipid membrane stiffer and less per-
meable tw the cargos. In addition, the diffevent bvdrophilic
head groups can lead to different degrees of hydration and
different affininy between the lipid membrane and the hydro-
philic carges, which could zlso contribute to the entrapment
afficiency. [, 38, 30). Brij iz fommed with FEGvlated acyl
chains, 20 it can replace the functions of PEG-2000, therely
reducing opsopization and improving its pharmacokinetics
[4, 38, 40].

DLIPC iz a zwitterionic lipid, thus there will be less elec-
trostatic repulsion among lipid head groups, which results in
the formation of more organized liposames [41].

The poloxarmer iz a stabilizing agent which is able to pre-
vent agzregation and fo promote the fonmation of stable
nanodizperaions, It iz potewarthy that Poloxamer-407 and
Poloxarner 188 are a non-fonic wiblock copolymer composed
oy 2 central hydrophobic poly(propylene oxide) chain (PRO)
capped by two lydrophilic chains of poly

{ethylene oxide) (PEQ), which functions as emulsifier and
stabilizer [42).

The reduction of the ZP in comparison with FL-C was
significantly altered with the addition of Brij or Polazamer, it
could be caused by a shift in the shear plane. In the case of
the poloxamer prodoced by i PEO chains, whereas
PEGwlation did mot show kigh reduction [43, 44]

The temperanuwe of gansigon {Tm) iz an extremely im-
portant phyvsical chavacteristic of liposomes. Indeed, the
phaze tansitien and fluidity of phospholipid membranes
determine such properties a3 packing, permesbility, fusion,
aggregstion, protein binding, sll of which can markedly af-
fect the stability of liposomes, and their behaviar in biologi-
cal syatems [43].

The inchizion of nurfactants w modulate thermosensitivi-
v iz an interssting concept and kas the potential to be ap-
plied to other gystems ax wall [40]. Encapsulated byvdrophilic
drups are relessed from thermozensitive liposomes at the
melung phase transition Temperanwe (Tm) of the lipid bi-
layer. At Tm, the stocture of the lipid bilaver changes as a
wansfer from a solid gel phase (L) to a liguid-crystallins
phaze (Lo occurs. The membrane is more permeable o wa-
ter and hydrophilic drugs in the liguid-crystallineg phass than
when in the gel phaze, The permeability of bydrophilic drazs
iz highest st temperanres arpund the T because of the co-
existence of membrane areas in both phaszes forming grain
boundaries [39].

The manufacturing method was the hesting method, this
iz a model echnigue for the fast and simple production of
lipid vesicles. hlost of the phospholipid molecules emploved
as liposomal constitwents have wransition temperanires beloa
G0°C; thus, in preparations lacking cholesterol, the tempers-
mare uitlized in this method i= adequate to form particles ca-
pable of encapsulating a drug [14, 4], The exposnurs of the
insulin to $0°C for this manofactoring process does not cause
significant changes in the biological action and does not
menerate any dangsr to health of the animals, according pre-
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vious data that showed that the biological effect of hested
inzsulin reacked the same glocose reduction as an meulin kept
in refrigeration conditiomns [47].

CONCLUSION

In conclusion, oral delivery is the most appropriate route
for obtaining similar physiclogical behavier of the msuling
nonethaless, the challenges for developing oral insulin dos-
ape forme are significant, considering that the absorption of
inzulin iz the major obstacle, Mevertheless, the results of this
study indicate the flexible liposomes added with surfactants
maintaining insulin protecied inside them; however, consid-
ering these results, it is necessary to make more tests with
different proportions of the best nurfactants here to achisve
i in the i vive release of this protein in diffevent
routes to subcutanesns. Fuarther studiss are mow under inves-
tigation 1o clarify thess points,
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