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ANOTACIJA

Poliprenoli ir garo kézu izoprénspirti, kas bagatigi sastopami, pieméram,
Abies sibirica (sibirijas baltegles) un Picea abies (parastas egles) skujas. Péc en-
zimatiskas reducésanas par doliholiem, tie uztur olbaltumvielu N-glikozilésanu,
modulé membranu plastamibu un samazina lipidu peroksidaciju. Inhibéjot
3-hidroksi-3-metilglutaril-koenzima A (HMG-KoA) reduktazi, statini samazina
endogénos doliholus un CoQ,,; doliholu deficits traucé N-glikozilésanu un de-
stabilizé muskulu membranas, savukart CoQ,, (ubihinona) deficits mazina mi-
tohondriju adenozintrifosfata (ATP) veidosanos un antioksidativo aizsardzibu —
mehanismi, kas saistiti ar statinu izraisitu miopatiju (SIM). Tadé] parbaudijam,
vai perorali lietoti skujkoku poliprenoli (doliholu prekursori) pasi un kopa ar
papildino$o CoQ,, spé&j atjaunot mevalonata cela produktus un tadéjadi mazinat
SIM.

Kimiski-analitiskie pétijumi 80 % attirita sibirijas baltegles ekstrakta uzra-
dija desmit poliprenola homologus (Pren-11 - Pren-20), no kuriem dominé-
josais bija Pren-15 (~ 37 %). Izmantojot modificétu etanola injekcijas metodi,
skuju ekstraktu izdevas izkidinat fosfatidilholina, iegustot vienfazes $kidumu,
kas satur multilamellaras liposomas (modalais diametrs 1,3 um, > 70 % iekap-
sulésanas efektivitate, seSu ménesu stabilitate). Liposomu forma tika izstradata
ar mérki uzlabot poliprenolu vajo peroralo biopieejamibu.

In vivo pétijuma eglu skuju poliprenoli (1, 10, 20 mg/kg diena) noveérsa ator-
vastatina inducétu satvériena spéka zudumu zurkam, neietekméjot to uzvedibu
vai plazmas holesterina limeni, savukart atsevisks imobilizacijas stresa modelis
paradija telpiskas atminas saglabasanos un kortikosterona normalizé$anos.

Pirmaja atklataja kliniskaja pilotpétjjuma (n = 11) pacientiem ar apstipri-
natu SIM astonas nedélas perorali tika doti poliprenoli 4 mg diena un CoQ,
100 mg diena. Muskulu sapju un vajuma raditaji samazinajas attiecigi par 50 %
un 40 %; cetri dalibnieki apsvéra statina devas paaugstinasanu. Laboratoriskie
asins parametri saglabajas normas robezas, apliecinot labu panesamibu; tomér
interpretaciju ierobezo nelielais pacientu skaits un placebo kontroles trikums.

Kopuma veiktie pétijumi parada, ka skujkoku poliprenoli ir racionals papil-
dinajums statinu terapijai: tie sp&j atjaunot doliholu rezerves, uzlabo antioksi-
dativo aizsardzibu un, formuléjot liposomas, sasniedz labaku biopieejamibu. Sie
rezultati pamato randomizéta placebo kontroléta pétijuma nepiecieSamibu, lai
apstiprinatu klinisko efektivitati un noteiktu optimalo poliprenolu devu.

Atslegvardi: poliprenoli; doliholi; statinu inducéta miopatija; mevalonata
vielmainas cels; liposomala piegade; terapeitiska biopieejamiba
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IEVADS

Statinu terapija joprojam ir aterosklerotisko sirds un asinsvadu slimibu
profilakses sttirakmens, tomér tas ilgtermina efektivitati mazina statinu in-
ducéta miopatija (SIM), kas biezi klust par devas samazinasanas vai terapijas
partrauksanas iemeslu. Pieaug pieradijumu skaits, kas SIM saista ar mevalonata
cela sekundaru inhibiciju, ka rezultata tiek samazinats ne vien holesterina, bet
ari batisko izoprenoidu daudzums, kuri nodrosina mitohondriju bioenergétiku
un proteinu N-glikozilaciju. Saja konteksta augu izcelsmes poliprenoli-garkézu
izoprenoidu spirti, kas bagatigi sastopami skujkokos un ir doliholu prekursori,
piedava ar biomehanismiem pamatotu iesp&u atjaunot no dolihola atkarigo
glikoproteinu biosintézi. Komplementara koenzima CoQ,, lieto$ana veido pa-
pildino$u stratégiju, kas vérsta uz muskulu funkcijas saglabasanu, neapdraudot
lipidu limena pazeminasanas efektu.

Sis promocijas darbs veido parejas loku no kimijas lidz klinikai. PirmKkart,
darba noteikts reproducéjams skujkoku poliprenolu kimiskas “pirkstu nospie-
dums” (Pren-11 > Pren-20, dominé Pren-15), izveidojot analitisko pamatu kva-
litates kontrolei un dozésanai. Otrkart, darbs risina poliprenolu hidrofobitates
problému, izstradajot ar fosfatidilholinu bagatu, etanola injekcijas metodé bals-
titu liposomu formu, kas nodro$ina augstu inkapsulacijas pakapi un piemérotibu
peroralai lieto$anai. Treskart, Zurku modeli ar lielu devu atorvastatina izraisitu
miopatiju poliprenoli novérs$ snieguma pasliktinasanos zurkam stiena karasanas
un satvériena spéka testos, neuzradot uzvedibas izmainas un neietekméjot ho-
lesterina limeni, kas parada dolihola krajumu atjaunosanu. Visbeidzot, izpétes
rakstura astonu nedélu pirmais pilotpétijums cilvékos pacientiem ar verificétu
SIM izvérté ikdienas poliprenolu lietosanu kombinacija ar CoQ,,, paradot labu
panesibu, kliniski nozimigu sapju un muskulu vajuma vértéjumu samazinajumu
un Jaujot dalai dalibnieku apsvért statinu devas paaugstinasanu. Kopuma sie pé-
tijumi pozicioné skujkoku izcelsmes poliprenolus, atseviski un kopa ar CoQ,,
ka daudzsolo$u papildterapiju statinu panesibas uzlaboSanai, pamato II fazes
randomizétu klinisko pétjjumu uzsaksanu un paver plasakas iespéjas tadu trau-
céjumu terapijam, kuriem raksturiga izoprenoidu nepietiekamiba.



PROMOCIJAS DARBA MERKI UN UZDEVUMI

Promocijas darba mérkis
Pieradit, ka skujkoku izcelsmes poliprenoli — veicot to kimisko raksturo-

$anu, liposomu formulésanu, pirmskliniskas efektivitates pétijumu un klinisko
pilotpétijumu - spéj atjaunot mevalonata cela atkarigos starpproduktus un kal-
pot ka dross un efektivs papildterapijas lidzeklis statinu terapijai raksturigo ar
muskuliem saistito blaknu (SIM) mazinasanai.

1)

2)

3)

4)

1)

2)

Promocijas darba uzdevumi:

Noteikt skujkoku poliprenolu kimisko profilu

o izolét un kvantificét atseviskos homologus (Pren-11 - Pren-20) no
Abies sibirica un Picea abies, izmantojot UHPLC-DAD-MS, lai noteiktu
frakcijas tiribu, prenolu kédes garumu sadalijumu un dominéjosos
homologus.

Optimizét poliprenolu peroralas ievadisanas formu

o izstradat uz fosfatidilholina bazes veidotas multilamelaras liposomas,
izmantojot modificéto etanola injekcijas metodi; noteikt dalinu izméru,
inkapsulacijas efektivitati un stabilitati.

Demonstrét pirmsklinisku efektivitati pret statinu inducétu miopatiju

o zurku modeli ar augstas devas atorvastatina sanemsanu novértét polip-
renolu (1, 10, 20 mg/kg/diena) aizsargefektu uz muskulu spéku un uzve-
dibas raditajiem; noteikt seruma kreatinkinazi, holesterinu un ar stresu
saistitos biomarkierus, lai raksturotu potencialos iedarbibas mehanismus.

Iegiit pirmos cilvéku dro$uma un koncepta apstiprinajuma datus

o veikt astonu nedélu atklatu pilotpétijumu pacientiem ar apstiprinatu
SIM, lietojot poliprenolus 4 mg/diena kopa ar CoQ,, 100 mg/diena;
registrét izmainas sapju un muskulu vajuma vértéjumos, gataviba
paaugstinat statina devu un laboratoriskajos drosuma raditajos.

Aizstavesanai izvirzitas tézes

Més pirmoreiz paradam, ka eksogéni skujkoku izcelsmes poliprenoli spéj
atjaunot dolihola rezervi, kas sekundari izsikst statinu izraisitas mevalo-
nata cela blokades dél. Zurku SIM modelos $i biokimiska “glabsana” partop
pilniga satvériena spéka un uz stiena karasanas laika normalizacija, nerau-
goties uz lielu atorvastatina devu.

Més izstradajam jaunu metodi, kuras pamata ir lidzskidinasana un modi-
ficéta etanola injekcijas pieeja etanola-fosfolipidu sistéma (multilamelaras
liposomas), nodrosinot uzlabotu stratégiju hidrofobu bioaktivu savienojumu,



3)

4)

ipasi poliprenolu, iekapsulésanai. Si tehnologiska pieeja uzlabo poliprenolu
biopieejamibu, tadéjadi parvarot tradicionalos ierobezojumus, kas saistiti ar
vaju uzsiks$anos un $kidibu kunga-zarnu trakta.

Misu pirmais pilotpétijums uz cilvékiem parada, ka astonu nedéju ikdienas
poliprenolu (4 mg) + CoQ,, (100 mg) lietosana rezultéjas ar 50 % muskulu
sapju vértéjuma samazinagjumu un lava 40 % simptomatisko pacientu
apsveért statina devas palielinasanu; laboratoriskajos drosuma raditajos un
neiro-uzvedibas izmainas novirzes nekonstatéja. Tas pamato poliprenolu
preparatu ka realistisku ilgtermina papildterapiju statinus nepaneso$iem
pacientiem un placebo kontrolétu II fazes pétijjumu.

Ta ka poliprenoli (i) atjauno no dolihola atkarigo glikozilaciju, (ii) stabilizé
membranu lipidus un (iii) darbojas ka kédes garumam selektivi antioksi-
danti, tie var bat daudzveidigi pielietojami savienojumi. Darba izstradata
liposomu tehnologija lauj tos iekapsulét peroralos uztura bagatinatajos un
standartizétas medikamentu formulacijas, kuru meérkis ir ne vien statinu
inducétas miopatijas (SIM), bet ari jebkura stavokla ar mevalonata cela
nepietiekamibu vai oksidativu membranu stresu (piem., ar vecumu saistita
sarkopénija, nealkoholiska taukaina aknu slimiba) kupésana.

Raksturos$ana un formulésana
UHPLC-HRMS: Pren-11...20
(dominé Pren-15)

Etanola injekcijas fosfatidilholina liposomas:

“SuperCell® FH > 40 %, PP:PL > 1: 15

. ; - ; “Kardiopren”
» Stabil Itilamel. kulas (MLV
lI,_IEP A : abilas multilamelaras vezikulas ( s) Tl - @,
poliprenolus .y
S —-— Pirmskliniska efektivitate kapsll:ll_u ! eiquana
. TV 80 mg/kg > ~ 3 x | karasanas laiks stieni 1niskat
liposomu &'kg ! dozésanai

kapsulas PP 1-20 mg/kg atjauno lidz kontroles limenim
PP 20 mg/kg = 2 x kontroles karasanas laiks;

satvériena spéks pilniba atjaunots pie 20 mg/kg

Kliniskais pilotpétijums

8 nedélas, atklats dizains;

PP 4 mg/diena + CoQ,, 100 mg/diena
Sapes | (p < 0,001), vajums | (p = 0,018)

1. att. Grafiskais kopsavilkums.
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1. TEORETISKAIS PAMATOJUMS

1.1. Pétijjuma probléma

Statinu inducéta miopatija (SIM) ir viens no galvenajiem $kérsliem ilgstosai
lipidu limena pazeminasanas terapijai. Tas patogenézi arvien biezak saista ar
mevalonata cela inhibiciju, kas nodro$ina ne vien holesterina sintézes blokeé-
$anu, bet ari virknes blokésanu ar batisku izoprenoidu veidosanos, kuri nepie-
ciesami mitohondriju bioenergétikai un N-glikoproteinu veido$anai. Lidz ar to
§is doktora disertacijas centra ir lejupéjie mevalonata cela produkti — poliprenoli
un koenzims Q10.

Atskiriba no CoQ,, poliprenolu loma statinu izraisitaja muskulu patologija
lidz $im sapémusi krietni mazak uzmanibas. Nemot véra to butisko funkciju
ka doliholu prekursoriem un to iesaisti glikoproteinu biosintézé, poliprenolu
limena samazindjums var sekmét traucétu $anu atjauno$anos un membranu
oksidativa un citoprotektiva iedarbiba liek domat, ka to papildinasana varétu
palidzét neitralizét statinu terapijas izraisito oksidativo un metabolisko stresu
(1], [2].

Ievéribas cienigs ir fakts, ka poliprenolu un CoQ,, kombinétais terapeitis-
kais potencials lidz $im nav ticis pétits. Nemot véra, ka $ie savienojumi darbojas
komplementaros celos - viens galvenokart sarga mitohondriju bioenergétiku,
bet otrs nodrosina pareizu proteinu modifikaciju un membranu stabilitati — to
lietosana varétu sniegt sinergisku ieguvumu SIM mazinasana.

1.2. Hipotéze

Skujkoku izcelsmes poliprenoli, formuléti peroralai uznemsanai un, ja ne-
piecieSams, kombinéti ar CoQ10, var mazinat SIM, vienlaikus saglabajot lipidu
limena pazeminasanas efektivitati.

Si doktora disertacija censas pamatot pienémumu, ka eksogéni, skujkoku iz-
celsmes poliprenoli — garkézu izoprenoidu spirti, kas dabiski bagatigi sastopami
Abies sibirica un Picea abies skujas — var in vivo parveidoties par doliholiem
un atbalstit N-glikozilaciju un membranu integritati skeleta muskuli. Probléma
nav tikai biokimiska: poliprenoli ir izteikti hidrofobi, tiem ir minimala $kidiba
tdeni, un vésturiski tiem raksturiga slikta perorala biopieejamiba. Tapéc miisu
pétijums apvieno analitisko kimiju, formulacijas tehnologiju (ar fosfatidilholinu
bagatas liposomas), kontrolétu zurku SIM modeli un izpétes klinisko pétijjumu
pacientiem ar verificétu SIM, lai parbauditu mehanistiskas un translacijas hipo-
tezes [2], [3], [4], [5], [6], [7].
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Disertacija sniedz sekojo$u zinatnisko ieguldjjumu: (i) reproducéjamu
skujkoku poliprenolu analitisko “pirkstu nospiedumu’, ko raksturo domineé-
josa Pren-15 suga (~ 37 % no kopéja sastava), kas lauj nodrosinat kvalitates
kontroli un pamatot devu; (ii) etanola injekcijas/lidzskidinasanas stratégiju, kas
atkartojami veido multilamelaras liposomas un parvar uzstksanas barjeras; (iii)
devas atkarigu muskulu spéka atjauno$anu atorvastatina modeli, neietekmeé-
jot uzvedibas raditajus; un (iv) pirmos cilvéku datus par ikdienas poliprenolu
4 mg/diena + CoQ,, 100 mg/diena lietodanas istenojamibu un panesibu pacien-
tiem ar verificétu SIM [5], [6], [7], [8].

1.3. Poliprenoli: avoti, kimiskas ipasibas un biologiska
nozime

Poliprenoli ir plasi sastopami dabigi garkézu izoprenoidu spirti, kas atro-
dami visa augu valsts parstavju loka; ipasi bagatigi tie ir skujkoku kokos, pie-
méram, Picea abies (parasta egle) un dazadas priedes sugas [9], bet ari Ginkgo
biloba. Ka redzams 2. attéla, poliprenoli sastav no vairakiem izopréna vienibu
blokiem, un to kédes garums butiski varié atkariba no auga avota - parasti no
~ 15 lidz pat vairak neka 100 izoprena vienibam [4], [10]. Poliprenoli sastopami
vairakas formas: ka brivie spirti, ka karboksilskabju esteri un ka fosfati [10].

W T E &

2. att. Poliisoprenoidu spirtu un to fosfatu vispariga formula. W, x-izoprena vieniba;
T, trans-izoprena vieniba; C, cis-izoprena vieniba; S, 2,3-dihidroizoprena vieniba;

a, b un c attiecigi apzimé T, C un S izoprena vienibu skaitu; S = 0 (poliprenoliem)
vai 1 (2,3-dihidropoliprenoliem); X = OH poliprenoliem un dihidropoliprenoliem
(doliholiem); X = -O-POs* poliprenilfosfatiem un 2,3-dihidropoliprenil (dolihil)
fosfatiem. Pielagots péc (Pronin u.c., 2014). 2]

Strukturala atskiriba starp poliprenoliem (a-nepiesatinati) un doliholiem
(a-piesatinati) ir bitiska un atspogulojas to biologiskajas funkcijas [11], [12].
Izoprenoidi ir lipofili, kas veicina to spéju ieklauties lipidu membranas un ietek-
mét membranu plastamibu (fluiditati) [13].

Izveélétas ekstrakcijas metodes vérstas uz izoprénspirtu kédes integritates un
bioaktivitates saglabasanu. Superkritiska CO, (SC-CO,) pielietosana nodros$ina
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augstas tiribas, Skidinatajus nesaturo$u materialu, kas ir piemérots izmanto-
$anai farmaceitiskas formulacijas, ta¢u par augstakam kapitalizmaksam [9],
[14], [15].

Tradicionala cietas fazes-$kidinataja ekstrakcija ir pielietojama un mérogo-
jama, tacu lidzizvelk piemaisijumus un prasa apjomigu skidinataja iztvaicé$anu/
nodali§anu [16]. Procesa intensifikacijas pieejas — ultraskanas un mikrovilnpu
asistéta ekstrakcija, ka ari $kidruma ekstrakcija pie paaugstinata spiediena - sa-
isina cikla laikus un samazina $kidinataja patérinu, tacu prasa ripigu kontroli,
lai izvairitos no termiskas degradacijas [17], [18], [19]. Enzimu asistéta eks-
trakcija uzlabo selektivitati maigas apstrades apstaklos, savukart jonu $kidrumu
sistémas piedava reguléjamu solvataciju, tacu par augstakam izmaksam, ka ari
potencialam ar likumisko produktu regulésanu saistitim problemam [20], [21].
Metodes izveéli nosaka lidzsvars starp iegtistama materiala tiribas pakapi, razi-
gumu, ekologiskie apsvérumi un izmaksas; farmaceitiskas kvalitates limena ma-
teriala iegtiSanai prieksroka parasti tiek dota SC-CO, ekstrakcijai.

Ginkgo biloba lapas atrodami gan poliprenoli, gan flavonoidi un terpenoidi,
kas kopa sniedz antioksidativu, pretiekaisuma, neiroprotektivu un hepatopro-
tektivu iedarbibu [2], [22], [23]. Skujkoku izcelsmes poliprenoli lidzigi uzrada
plasu biologisko aktivitati: preparatos no Pinus massoniana tie palielinaja kopéjo
antioksidativo kapacitati un galveno enzimu (SOD, GSH-Px) aktivitati, vienlai-
kus pazeminot MDA, NO un BACEI; $o biomarkieru izmainas atbilst neiropro-
tekcijai pret oksidativu un iekaisuma iedarbibu [24]. Papildus tiesai antioksida-
tivai iedarbibai poliprenoli uzrada antibakterialu aktivitati un imunomoduléjosu
ietekmi, tostarp interferonu ekspresijas palielinasanu un iedzimtas imunitates
$unu aktivaciju; fosfata frakcijam aprakstita ari pretvirusu aktivitate [2], [9],
[25], [26].

Dzivniekiem un cilvékiem uztura uzpemtie poliprenoli nonak stingri regu-
léta vielmainas tikla, kura centrs ir endoplazmatiskais tiklojums. Poliprenoli tiek
pagarinati ar cis-preniltransferazém no IPP (mevalonata cel$), veidojot sugai
raksturigus kédes garumus, kas ietekmé skidibu, membranas enkuro$anos un
enzimu atpazi$anu [27]. Poliprenolu reduktaze (kodéta ar SRD5A3) piesatina
terminalo a-izoprena vienibu, veidojot doliholus, kurus talak fosforilé par doli-
holfosfatu — neaizstajamu lipidu neséju N-saistitajai glikozilacijai un GPI enkura
biosintézei [4], [11], [28], [29]. Sis redukcijas traucéjumi (pieméram, SRD5A3
mutacijas) izraisa poliprenolu uzkrasanos ar sekundaru dolihola deficitu un
iedzimtus glikozilacijas traucéjumus, uzsverot procesa klinisko nozimigumu
[4], [27]. Tadgjadi izoprenoidu kédes garums un piesatindgjuma pakape modulé
mijiedarbibu ar glikozilacijas sistému un lidz ar to ietekmé talako glikoproteinu
veidosanas efektivitati.

Poliprenolu un to fosfatu atvasinajumu funkcionalais spektrs aptver: pro-
teinu apstradi (kofaktori N-/O-glikozilacijai; iespéjamas lomas proteinu pre-
nilacija); ar lipidiem saistito cukuru transportu; antioksidativo aizsardzibu;
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neiro- un hepatoprotekciju; imunomodulaciju/pretvirusu iedarbibu; lipidu
limena pazeminasanu (t. sk. sinergiju ar p-sitosterolu zarnu sterinu uzsuksanas
ierobezosanai); pretiekaisuma iedarbibu, inhibgjot 5-lipoksigenazi un samazinot
citokinu ekspresiju; ka ari papildino$u onkologisku aktivitati (apoptozes inducé-
$ana; uzlabota zalu piegade liposomu forma) [2], [22], [25], [26], [30], [31],
[32], [33], [34], [35], [36], [37], [38]. Lai gan biomehanismu un pirmskli-
niskie dati ir parliecino$i, kliniskie pieradijumi visstiprak pierada glikozilacijas
atbalsta un antioksidativas iedarbibas aspektus; lipidu limena pazeminasanas un
imanas atbildes iznakumu apstiprinasanai nepieciesami plasaki pétjjumi.

Piegades tehnologijas risina zemo $kidibu tideni un membrancentriskos
meérkus. Liposomas (visnobriedusaka platforma) ieklauj poliprenolus dubultsla-
nos, aizsarga tos no oksidacijas un nodrosina mérkétu atbrivo$anu; poliméru
micellas un nanoemulsijas palielina Skietamo $kidibu un uzstksanos; PLGA
nanodalinas un SLN/NLC nodrosina oksidativu aizsardzibu un lénaku, ilgstosu
atbrivosanu; hidrogeli labi pieméroti ievadei caur adu un glotadu; transdermalas
sistémas izmanto $o savienojumu dabigo lipofilitati; nakamas paaudzes nano-
géli/dendrimeri piedava precizu izméra un virsmas kontroli, lai gan ir izaicina-
jumiem ar izmaksu apméru un regulativajiem aspektiem [3], [39], [40], [41],
[42], [43], [44], [45], [46], [47]. Sis disertacijas konteksta liposomas nodrosi-
naja >70 % inkapsulaciju un sesu ménesu stabilitati, apliecinot translacijas darba
istenojamibu.

Izoprenoidu saistiba ar muskulu biologiju izriet no doliholfosfata atkarigas
glikozilacijas ass un membranu homeostazes. Doliholfosfats ir batisks oligosa-
haridu izveido$ana, kas nepiecie$ami strukturalo un signalproteinu glikozilé-
$anai. Skeleta muskuli a-distroglikanam ir vajadziga pareiza ar O-mannozém
bagata glikozilacija, lai enkurotu sarkolemmas membranu ekstracelularaja mat-
rica; DPM kompleksa, DOLK vai radniecigo enzimu defekti izraisa distrogli-
kanopatijas ar membranas trauslumu un progreséjosu vajumu [4], [31], [48],
[49]. Papildus glikanu veido$anai doliholi ir bagatigi sastopami plazmatiskaja
membrana un Golzi kompleksa, kur tie regulé membranu dubultslana caurlai-
dibu un, iespéjams, veicina iedzimto antioksidativo aizsardzibu - ipasibas, kas,
visticamak, ir nozimigas mehaniskam spriegumam paklautas muskulu $kiedras
[11], [50].

Poliprenolu/doliholu krajumu samazinasana in vitro atdarina miopatiskos
fenotipus. Statini, ierobezojot mevalonata cela produktu sintézi, samazina pre-
nilaciju un glikozilaciju, pavajina Akt/mTOR signalcelu un izraisa apoptozi/
endoplazmatiska tikla (ET) stresu miocaurulés; papildinagana ar mevalonatu vai
geranilgeraniolu atjauno prenilaciju (piem., Rapl), normalizé autofagijas mar-
kierus un atjauno $anu dzivotspéju [29], [51], [52]. Cis-preniltransferazes vai
poliprenolu reduktazes genétiska nomaksana/izslégsana lidzigi traucé miogenézi
un glikozilaciju. [53]. In vivo, zebrzivs DPM nomaksana izraisa hipoglikozi-
létu a-distroglikanu, dezorganizétas Skiedras un smagus kustibu traucéjumus,
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uzsverot $i metabola cela neaizstagjamibu. [31]. Uztura uznemto poliprenolu
uzstik$anas ir ierobezota (~ 1 % vai mazak), tomér iekapsulésana liposomas mé-
reni palielina to piegadi audiem; endogénie dolihola krajumi saglabajas stingri
reguléti, kas sarezgl méginajumus tos paplasinat ar uztura palidzibu [4], [54].
Lidz ar to jaunakas stratégijas ietver génu terapiju glikozilacijas enzimu korek-
cijai, metabolo celu stabilizéjosu farmakologiju (piem., rapamicinu fukutina
deficita gadijuma) un substrata papildinasanu (ribitols/CDP-ribitols), lai apietu
limitéjosos posmus [55], [56], [57], [58].

Novecojosos muskulos uzkrajas dolihols - iespéjams, ka adaptiva anti-
oksidativa atbilde. Kaloriju ierobeZo$ana $o pieaugumu mazina un samazina
oksidativos bojajumus, kas atbilst dolihola membranu aizsargfunkcijai [32],
[33], [59].

Lai gan tie$ie ergogénie pieradijumi par poliprenolu iedarbibu ir ierobezoti,
randomizéta pétijjuma trenétiem sportistiem péc poliprenolu-liposomu papildi-
nasanas tika konstatéts uzlabots skabekla pulss, zemaks diastoliskais asinsspie-
diens un palielinats sirds izsviedes tilpums, kas liecina par uzlabotu sirds un
asinsvadu darbibas efektivitati un lielaku noturibu pret stresu slodzes laika [60].
Sie agrinie dati kopa ar antioksidativajim un membranstabilizéjosajam ipasibam
pamato turpmaku poliprenolu izvérté$anu ka papildterapiju stavoklos ar augstu
vielmainas slodzi vai statinu nepanesibu.

Kopsavilkuma, augu poliprenoli ir strukturali daudzveidigi membranas
lipidi, kas cilvéka vielmaina ieiet ka dolihola prekursori, tadéjadi atbalstot
glikoproteinu biosintézi un membranu integritati. To antioksidativa, pretiekai-
suma, hepato- un neiroprotektiva, ka ari lipidu moduléjosa iedarbiba — kopa
ar nobriestosajam ekstrakcijas un piegades tehnologijam - pozicioné tos ka
daudzsolosus lidzeklus neiromuskularam un metaboliskam indikacijam. Tomér
translacijas progress btis atkarigs no biopieejamibas ierobeZojumu parvarésanas,
kédes garuma specifiskas biologijas precizas noskaidrosanas un parliecinosu kli-
nisku pieradijumu iegi$anas, jo ipasi muskulu veselibas un ar statiniem saistitas
simptomatikas joma.
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2. MATERIALI UN METODES

2.1. Poliprenolu analize un kvantifikacija

Poliprenolus no parastas egles (Picea abies L.) un Sibirijas baltegles (Abies
sibirica L.) (tiriba 80-95 %) piegadaja AS “Biolat” (Salaspils, Latvija); ekstrakcija
veikta saskana ar RU patentu Nr. 2259991. [61], [62]. Abies sibirica poliprenoli
(PPs) tika strukturali raksturoti un noteikta atsevisko homologu kvantitate.

Aréjie standarti ietvéra Pren-14 un P14-P18 poliprenolu maisijumu
(Pinus sylvestris, Batch 08-10 JTC; Code 89-5170; Biokimijas un biofizikas insti-
tats, Polijas Zinatnu akadémija). Homologu identitate tika apstiprinata ar aug-
stas iz8kirtspéjas TOF LC/MS (Agilent 6230, ESI+) un datu apstradi programma
MassHunter Qualitative Analyses B.05.00. Multilamelaras liposomas tika anali-
z&tas ar Nomarski optiku (Nikon Eclipse 90i) un TEM (Tesla BS 540 / JEOL 100)
ar negativo iekrasosanu. Visi $kidruma hromatografija izmantotie $kidinataji
bija HPLC kvalitates.

2.1.1. UHPLC analize

Abies sibirica ekstraktu frakcionéja uz silikagéla kolonnas (paraugs: silika-
gels 1:25-1:30) ar PE/EA (93:7), plasmai ~ 1 piliens/s; frakcijas kontroléja ar
Silufol planslana hromatografiju. Apvienota PP frakcija (tiriba 70-85 %; izna-
kums 0,7-0,8 % m/m) bija gai$i dzeltens, zemas viskozitates e]lains $kidrums,
neskisto$s tdeni/metanola, bet $kisto$s heksana, acetona un citos nepolaros
$kidinatajos.

2.1.2. Paraugu sagatavosana UHPLC analizei

Krajuma $kidumus gatavoja, izs$kidinot 1 ml PP 35 % izopropanola/65 %
metanola istabas temperatiara, 1 min. maisot vorteksa (2500 apgr./min) un
filtréjot caur 0,45 pm neilona filtru. Kalibracijas standartus gatavoja atseviski.
Paraugus centrifugéja (Mikro 200R), un supernatantus injicéja HPLC-DAD-MS
sistéma. Piku piesaisté palidzéja P14-P18 references maisijums (Pinus sylvestris);
identificésana notika ar HRMS.

2.1.3. Apgrieztas fazes UHPLC analize

Analizes veica ar Agilent 1290 Infinity sistému ar DAD detektoru un
Extend-C18 kolonu (2,1 x 50 mm, 1,7 um) 40 + 1 °C temperatara; A = 210 nm;
injekcijas tilpums 0,5 uL. Parvietotajs: A = izopropanols, B = metanols; plasmas
atrums 0,22 ml/min. Elacija: 35 % A/65 % B (0-1,5 min) > 75 % A/25 % B
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(1,5-10 min), turét lidz 25 min > 45 % A/55 % B (25-30 min) - atkartota
lidzsvaro$ana 35 % A/65 % B (30-32 min) [8].

2.1.4. Poliprenolu identifikacija ar TOF LC/MS

Avots: zavéSanas gaze 10 l/min pie 325°C; fragmentatora spriegums
130 V; m/z 100-2000; iekséjas masas references m/z 121.050873 un 922.009798
(G1969-85001). Kvantifikacijai izmantoja aréjo standartu Pren-14 un P14-P18
maisijumu. Kalibré$anu veica, salidzinot DAD pika laukumu ar masas kon-
centraciju; triskartéjas injekcijas (RSD < 2,0 %). Linearitate darba diapazona:
R* = 0,9978 (p < 0,001; Microsoft Excel 2013).

2.1.5. Proliposomala poliprenolu $kiduma sagatavoSana

Izmantoti Phosal 40 IP un Lipoid P75 (25-75 % sojas fosfatidilholins;
Lipoid GmbH). 4,7 g Phosal 40 IP maisija ar magnétisko maisitaju; pakapeniski
pievienoja 3 g PP un sajauca lidz viendabigumam (koncentrata poliprenols:le-
citins 1:1,7 m/m; ka noradits, to izmantoja, lai gala sistémas iegiitu PP:kopéjie
lipidi 1:17 m/m).

2.1.6. Poliprenolu skidibas noteikSana

PP (100 mg) sajauca ar 2 ml etanola $kidumu, kas saturéja 0-25 % Lipoid
P75, 24 °C temperatara; vortekséja < 2 min. Péc 1 h stabilizacijas un centri-
fugésanas (14 000 apgr./min, 5 min) supernatantus atskaidija hloroforma un
PP saturu noteica ar HPLC. Pie 15 % lecitina piesatinajuma sasnieg$anai bija
nepiecieSama lielaka PP slodze; pie 25 % $kidumi sajaucas bez novérojama pie-
satinajuma (instrumentali nekvantificéts).

2.1.7. Poliprenolu iekapsulacijas efektivitate liposomas

PP sajauca ar Phosal 40 IP vai Lipoid 75 SA diapazona no 1:5 lidz 1:40
(PP:lipidi, m/m). Ta ka brivie PP ir $kidri un adeni neskistosi, tika izstradata
uz blivuma at$kiribam balstita sadalisana. Isuma: 100 mg maisijumu + 900 pl
tdens vortekséja, lai iegiitu MLV suspensijas. Alikvotus (100 pl) pievienoja 900
ul 200 mM saharozes un centrifugéja (14 000 apgr./min, 10 min), lai uzpeldi-
natu brivos PP pilienus. Augséjo ellaino fazi nonéma; supernatanta (liposomas)
noteica fosfolipidus (modificéta Stewart metode) un PP (HPLC). Inkapsulacijas
efektivitati aprékinaja attieciba pret necentrifugéto maisijjumu.

2.1.8. Poliprenolu noteikSana liposomas ar HPLC

Paraugus izs$kidinaja izopropanola (1:10) un at$kaidija hloroforma.
Hromatografija: Waters 660 stiknis, Nova-Pak® Silica kolonna (150 x 3,9 mm,
5 um); mobila faze — hloroforms vai hloroforms:heksans (90:10) ar plasmas at-
rumu 1 ml/min; detekté$ana pie 335 nm (Waters 996 DAD).
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2.1.9. Paraugu sagatavosana mikroskopijai

Gaismas/TEM attélo$anai proliposomalo masu ar PP hidratéja lidz 5 %
lipidu saturam un vortekséja. Iekraso$anu uz Formvar rezgiem veica $adi: me-
tode A - sajaukt 1 : 1 ar 2 % amonija molibdatu, izzavét (pozitiva iekrasosana);
metode B - paraugu vispirms izzavét, tad uzklat 2 % amonija molibdatu un
nosusinat (negativa iekrasosana).

2.1.10. Poliprenolus saturoso liposomu izméru sadalijums

Atskaiditas ar PP piepilditas liposomas 25 °C temperatiira mérija ar Zetasizer
Nano ZS (Malvern), lai noteiktu apjoma svérto vidéjo diametru un PDI.

2.2. In vivo dzivnieku eksperimenti

2.2.1. In vivo dzivnieku eksperimentiem izmantotas vielas

Egles skuju poliprenoli (C55-C95; 1, 10, 20, 50 mg/kg; AS Biolat) un
atorvastatins 80 mg/kg (Atoris, KRKA) tika ievaditi vienu reizi diena per os.
Poliprenolus izskidinaja rafinéta saulespuku ella; atorvastatinu - fiziologiskaja
$kiduma. Tika izmantotas Accutrend GCT teststrémeles (Roche) un kreatinki-
nazes noteiksanas komplekts (MAK116, Sigma-Aldrich); paréjie reagenti - no
Sigma-Aldrich.

2.2.2. Eksperimentalie dzivnieki

Wistar $kirnes Zurkas matites (230-245 g; Rigas Stradina universitate) tika
turétas pa 5 dzivniekiem bari, ar brivu piekluvi baribai un adenim, 22 °C tempe-
rataira, 50-60 % relativaja mitruma, 12 stundu gaismas/tumsas rezima. Matites
izvélétas, jo tam ir augstaks SIM risks (Sathasivam & Lecky, 2008). TestéSana
notika laika no 09:00 lidz 15:00.

2.2.3. Dzivnieku eksperimentu étika

Visas proceduras atbilda ES Direktivai 2010/63/ES un vietéjiem normati-
vajiem aktiem; protokolu apstiprinaja Dzivnieku étikas komiteja, Partikas un
veterinarais dienests, Riga (PVD Nr. 59).

2.2.4. Eksperimenta dizains

Péc < 7 dienu aklimatizacijas Zurkam (n = 9-10 grupa) 16 dienas katru
dienu perorali ievadija preparatus (no rita atorvastatins/fiziologiskais $kidums;
pécpusdiena PP/ella). Kermena masu registréja 1. diena un ik péc 2 dienam.
Tika izmantotas divas pieejas (3. att.):

Pieeja 1: PP (1, 10, 20 mg/kg), atorvastatins (80 mg/kg) — atseviski un kom-
binacijas; kontroles sanéma fiziologisko $kidumu (10 ml/kg) un ellu (2 ml/kg).
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Uzvedibas testus (karasanas stieni, atklata lauka tests, satvériena spéks, rotéjosa
stiena tests) veica 09:00-15:00 ar > 2 h intervaliem.
Pieeja 2: ka ieprieks, fokuséjoties uz PP 20 mg/kg (atseviski/kombinacija).
Papildu seciba: astes refleksa (nociceptivais) tests (8. diena; 2,5 h péc
atorvastatina un 16,5 h péc PP) un pasivas izvairiSanas tests (13.-15. diena)
ar adaptaciju, iemaci$anos (elektriskais stimuls, ieejot tums$aja nodalijuma) un
noturibas parbaudém; atkartota parbaude veikta 2 dienas péc pédéjas devas.

Setup 1 T
1) Rotarod test
2) Wire hang test
Grip |
Rotarod strength 1) Open field test
training training 2) Grip strength test
Day -1 Day 1 Day 8 Day 13 Day 15 Day 16 Day 17
| | \
‘ . N Biochemical
Drug administration
‘ T ] 1 tests
Determination Tail-flick test L Passive avoidance :
of basic pain fest
threshold
Setup 2

3. att. Eksperimentalie iestatijumi

17. diena dzivniekus anestezéja (ketamins 100 mg/kg; ksilazins 10 mg/kg),
veica sirds punkciju un asins paraugu panemsanu (holesterins, CK).

2.2.5. In vivo uzvedibas metodes

o Atklatais lauks (15. diena): 98 cm diametra apala aréna ar 40 cm augstam
sienam; apgaismojums 100 cm augstuma. Lokomociju (kopéjo distanci, cm)
videonovéroja ar Panlab Smart v2.5.

o Pasiva izvairi$anas: Ugo Basile step-through iekarta. Iemaci$anas: 0,5 mA,
2 s pédas $oks, ieejot tumsaja nodalijuma; noturibas parbaude péc 24 h (bez
$oka). Registréja parsolosanas latentumu (maks. 240 s) un aprékinaja atski-
ribas.

o Astes refleksa (nociceptivais) (8. diena): Analgesy-Meter LE7106; starojuma
siltums uz astes; sakuma vértiba 2,5-4,5 s; 10 s posmos; %MPE = [(péc
zalu - pirms zalu)/(10 s - pirms zalu)] x 100; divi méginajumi ar 5 min
intervalu.

o Karasanas stieni (16. diena): 90 cm gara, 3 mm stieple 60 cm augstuma;
registréja kritiena latentumu (maks. 120 s) tris meéginajumos (3 min
atputas); analizé izmantota labaka vértiba.
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o  Satvériena spéks: Ugo Basile 47105; sesi treninmeéginajumi (8. diena); testé-
$ana (15. diena). Piecu vilk$anas méginajumu vidéja vértiba (30 s atptitas),
izteikta gramos.

o Rotéjosa stiena tests (16. diena): Ugo Basile 47700; iepriek$apmaciba (pieci
meéginajumi). Tests: no 4 lidz 40 apgr./min 5 min laika; cetri méginajumi
(I h intervali). Registréja kritiena latentumu un atrumu; zinota vidéja
vértiba.

2.2.6. Biokimiska analize

o  Holesterins: Accutrend GCT (mmol/l).

o Kreatinkinaze: Heparinizéta plazma, centrifugéta (3 000 apgr./min, 10 min),
uzglabata —-80 °C; analize saskana ar MAK116 (37 °C; A340 nm; INFINITE
M200 PRO). Viena aktivitates vieniba = 1 umol fosfata parnests no fosfo-
kreatina uz ADP minaté pie pH 6. Rezultati izteikti U/L

2.2.7. Statistiska analize

Dati tika apkopoti ka vidéja vértiba + SEM (vidéjas vértibas standartklada).
Grupas atskiribas analizéja ar vienfaktora ANOVA, izmantojot Fisher LSD testu
(GraphPad Prism 6); statistiska nozimiba noteikta pie p < 0,05. Datu apstradei
izmantota Microsoft Excel 2007.

2.3. Poliprenolu droSuma un efektivitates pilotpétijums

2.3.1. Dizains un pacienti

Atklats, viencentrisks, perspektivs pilotpétijums Latvijas Kardiologijas cen-
tra: 50 pacienti skrinéti (2014. gada janijs-2015. gada julijs) aizdomu par SIM
dél; ieklauti 12, pabeidza 10. Etikas apstiprinajums: P. Stradina Kliniska univer-
sitates slimnica (protokols 160414-3L).

Ieklausanas kritériji (visi obligati): pasreizéja statinu lietoSana > 4 nedé-
las; vismaz viens muskulu simptoms > 2 nedélas (sapes, vajums, krampji) vai
CK > 2 x VN, bet < 10 x VN; nav indikaciju devas samazina$anai; liela varbi-
tiba 2 méne$us turpinat to pasu statinu/devu; rakstiska informéta piekrisana.

Galvenie izslégSanas kritériji (kopsavilkums): CK > 10x VN; ieprieks
pastavosi muskulu simptomi; nesens MI/mazakirurgija/trauma; planota tuvaka
termina operacija; mijiedarbibu izraiso$as zales (fibrati, niacins, sarkana rauga
risi, makrolidi, azoli, HIV proteazes inhibitori, ciklosporins), greipfratu sula;
batiski aknu/nieru darbibas traucéjumi; endokrini vai neiromuskulari traucé-
jumi, kas prasa devas mainas; slikta lidzestiba; augsts alkohola patérins; smagi/
konkurétspéjigi fiziski trenini; gratnieciba; alergija pret pétijuma uztura bagati-
natajiem. Pilns saraksts — saskana ar protokolu.
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Iejauksanas: skuju poliprenoli 4 mg/diena + CoQ,, 100 mg/diena 8 nedélas,
izmantojot Latvija registrétus uztura bagatinatajus: “Poliprenols®” (1 mg PP kap-
sula; 2 kapsulas vakara) un “Kardiopren®” (2 mg PP + 100 mg CoQ,, kapsula;
1 kapsula no rita). Devas atdalija ar ~ 12 h intervalu, lietoja tuksa dasa, uzdzerot
~ Y glazi tdens.

2.3.2. Datu vaksana

o Vizites: VO skrinings; V1 ieklau$ana (< 7 dienas péc V0); V2 4. nedéla
(£7 dienas); V3 8. nedéla (£7 dienas).

o Laboratorija (V0): CBC, CK, kopéjais/LDL/HDL holesterins, trigliceridi,
ALAT/ASAT, tiesais/netiesais bilirubins, glikoze, kreatinins, GFR, kalijs,
TSH, FT4, FT3.

o Sakotnégjie un 8. nedélas galapunkti:

o Subjektivie simptomi: sapes/vajums/krampji (0-10 VAS); lokalizacija; saistiba
ar slodzi; iknedélas fiziskas aktivitates kategorizétas péc MET (< 3, 3-6, > 6).

o Dinamometrija: Baseline® rokas satvériena spéks (3 méginajumi/rokai;
atzimé dominéjoso roku).

o Slodzes EKG (veloergometrija): slodze (W), HR (sakuma/maksimalais),
kopéja ST-depresija (mm), laiks lidz 1 mm ST-depresijai (s), HR/ST indekss.

o  Elektromioneiromiografija: motoro (medianais / ulnarais / tibialais / pero-
nealais) un sensorisko (medianais / radialais / suralais) nervu neirografija
(latentums, amplitdda, vadiSanas atrums); ja neirografija normala, EMG
se$os muskulos (divi distali, cetri proksimali): MUAP vidéja amplittda/
ilgums, arpus normas skaits, miopatiski fenomeni (fibrilacijas/PSW/poli-
fazija), interferencu raksts un rekrutésana; klasifikacija: nerva bojajums/
norma/miopatija/izteikta miopatija.

o DPapildus (V1): EKG; glikoze, GGT, sarmaina fosfataze, hs-CRP, 25-OH
D vitamins.

o 4. nedéla (V2): atkartoti simptomi, fiziskas aktivitates, veloergometrija,
galvenie laboratoriskie raditaji; neatvértie uztura bagatinataji nodoti atpakal.

2.3.3. Statistiska analize

Analizes veica ar IBM SPSS v22.0. Kvantitativos datus attéloja ka vidéja + SD
(vai mediana [IQR] ne normali sadalitiem datiem). Kategoriskos datus attéloja
ka n (%). Starpgrupu salidzinajumiem lietoja neatkarigo izlidZu t-testu, Manna-
Vitnija U testu, hi-kvadrata (x*) vai FiSera precizo testu atbilstosi datu tipam.
Atkartotu mérjjumu ANOVA izvértéja izmainas dalibnieka ietvaros; ja tika par-
kapta Mauchly sfériskuma prasiba, pieméroja Grinhausa-Geisera korekciju ar
Sidaka pielagojumiem paru kontrastiem. Ne normali sadalitiem atkartotiem mé-
rijumiem lietoja Fridmana testu; binariem atkartotiem iznakumiem - Kohrana
Q testu. Nozimibas limeni noteica pie p < 0,05.
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3. REZULTATI

3.1. Poliprenolu analizes un kvantifikacijas rezultati

3.1.1. Sibirijas baltegles (Abies sibirica L.) poliprenolu
homologu identifikacija

UHPLC-DAD kombinacija ar HRMS apstiprindja desmit poliprenolu
pikus Abies sibirica ekstrakta (4. att.). Homologi P14-P17 tika validéti péc
[M + Na]* precizajam masam ar ppm limena atbilstibu aprékinatajam vértibam
(P14 993,8779; P15 1061,9372; P16 1130,0017; P17 1198,0650). Relativaja sastava
(1. tabula) domingja P15 (37,23 + 0,56 %), kam sekoja P16 (29,11 + 0,51 %),
P14 (15,26 + 0,78 %) un P17 (11,31 £ 0,01 %); bija sastopami ari nelieli dau-
dzumi P13, P18-P20 un zemaki (C55, C60).

1. tabula. Sibirijas baltegles (Abies sibirica L.) izdalito poliprenolu homologu
identifikacija un kvantifikacija

Relativais

Poliprenols Molekulara t, min daudzums, % Identiﬁ.kécijas (M+Na)*
formula | (UHPLC-DAD) Abies sibirica L. veids (HRMS)
11 CssHo O 4.86 0.06 + 0.01 Standarta
12 CgoHosO 5.88 0.26 + 0.04 Standarta
P13 CgsH 060 7.16 2.05 + 0.04 Standarta
P14 CyoH, 1,0 8.78 1526 + 0.78 | Standarta /HRMS | 993.8779
P15 C,:H,,,0 10.81 37.23 +0.56 | Standarta /HRMS | 1061.9372
P16 CyoH,50 13.25 29.11 + 0.51 | Standarta /HRMS | 1130.0017
P17 CyeH, 50 14.86 11.31 + 0.01 | Standarta /HRMS | 1198.0650
P18 CyoH,460 15.98 3.36 + 0.06 Standarta
P19 CysH,5,0 16.86 1.01 + 0.04 Standarta
P20 CiooH 6,0 17.59 0.31 +0.11 Standarta
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4. att. No Sibirijas baltegles (Abies sibirica L.) ieguto poliprenolu UHPLC-DAD
hromatogramma.

3.1.2. Skidiba etanola/lecitina sistémas un PP iekapsulé$anas

efektivitate

Tika izveidota lidzskidinasanas/modificétas etanola injekcijas pieeja.
Poliprenolu $kidiba 96 % etanola monotoniski pieauga lidz ar sojas fosfatidilho-
lina saturu, 24 °C temperatiira pie 25 % Lipoid P75 sasniedzot praktisku jaukt-
spé&ju 80 % poliprenolu gadijuma (5. att.). Lai lecitins $kistu etanola, izejmateriala
bija nepiecieSsami > 40 % fosfatidilholina; stabilas liposomas veidojas, ja fosfo-
lipidu:poliprenola attieciba parsniedza ~ 1:15. Inkapsulacijas efektivitate Phosal
40 IP vai 75 SA liposomas uzradija negativu korelaciju ar izskidinata PP ipat-
svaru; maksimala inkapsulacija abas sistémas notika pie PP:Phosal 1:40 (m/m)
(6. att.). Pie zemaka fosfolipidu satura formulacijas sadalijas PP emulsijas un
fosfolipidu liposomas, nevis veidoja ar PP pilditas liposomas; makroskopiskais
izskats un lamellaritates rezultati apkopoti 2. tabula (stabilas sistémas bija mul-
tilamelaras vai oligo/uni-lamelaras atkariba no sastava).

25



25

20

R
. =nl

9,94 13,90 1580 2085 28,16 32,20 39,75 292,00 0
Solubility of 80% Polyprenols [mg/ml]

-
o

Concentration of Lipoid P75 in 96% Ethanol
at 24°C [%)]
o

5. att. Lipoid P75 lecitina koncentracijas ietekme etanola uz Abies sibirica egles
poliprenolu $kidibu.
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6. Att. Prenola/lecitina (Phosal IP40 un Phosal 75SA) attiecibas ietekme uz Abies
sibirica egles poliprenolu iekapsulacijas efektivitati liposomas.
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2. tabula. Liposomalo poliprenolu paraugu sastavs un izskats.

;JIT?_Id/ Etanola | Poliprenola| Udens Parauga St:cb::il:t: Liposomu
ecitina daudzums | daudzums | daudzums | izskats P o struktira
daudzums ménesa
Lipoid , o ) . -
P45/150 mg 50 mg 30 mg lidz 5g | Pusskidrs | Nestabils | Oligolamelaras
Lipoid , _ . . -
P45/150 mg 50 mg 30 mg lidz 5g | Pusskidrs | Nestabils | Oligolamelaras
Lipoid , o . . -
P75/105 mg 50 mg 30 mg lidz 5g | Pusskidrs | Nestabils | Oligolamelaras
Lipoid - o . . -
P75/150 mg 50 mg 30 mg lidz 5g | Pusskidrs | Nestabils | Oligolamelaras
Lipoid
Phosal 40 0 mg 30 mg lidz 5g Skidrs Stabils | Multilamelaras
IP/1000 mg
Lipoid - s . . -
P45/500 mg 150 mg 30 mg lidz 5g | Pusskidrs | Stabils | Oligolamelaras
Bliva
Lipoid . 1 . Uni-/
P45/1000 mg 200 mg 30 mg lidz 5g Zelz:se;da Stabils oligolamelaras

3.1.3. Poliprenoliem pilditu liposomu morfologiskie
noveérojumi

TEM ar pozitivo (fosfolipidu slanu izcelSana) un negativo iekrasosanu
paradija gandriz sfériskas, multilamelaras vezikulas (“sipola tipa” lamellas) pie
PP:lecitins attiecibas 1:17 (m/m) (7. att. a-b). Gaismas mikroskopija novéroja
vienmerigi dulkainu suspensiju bez fazu atdaliSanas (7. att. ¢). Dinamiska ga-
ismas izkliede uzradija trimodalu, péc tilpuma svértu sadalijjumu (8. att.):
domingjosa ~ 1,36 um populacija (~ 90 % no tilpuma) ar mazak izteiktam sub-
mikronu kopam ap ~ 307 nm un ~ 62 nm (~ 5 % katrs); >5 pm dalinas bija retas.
Kopuma etanola injekcijas/lidzskidinaganas protokols nodrosinaja labi definétas,
ar PP augsta pakapé pilditas MLV, kas piemérotas lieto$anai uztura bagatinatajos.
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(b) ©
7. att. Poliprenola/Phosal 40 IP liposomu (1:17 m/m) attéli: TEM ar (a) pozi-
tivo krasosanu; (b) negativo krasosanu; un (c) gaismas mikroskopiju.
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8. att. Poliprenola/Phosal 40 IP liposomu izméru sadalijums (1:17 m/m).

3.2. Egles skuju poliprenolu pétijumi zurkas

3.2.1. Muskulu spéks/tonuss un koordinacija

Karasanas pie stiena (16. diena): PP 1 vai 10 mg/kg ietekmi neatstaja; PP
20 mg/kg dubultoja karasanas laiku salidzinajuma ar kontroli. Atorvastatins (AT)
80 mg/kg samazinaja karasanas laiku apmeéram 3 reizes; vienlaiciga PP ievadi-
$ana jebkura deva atjaunoja sniegumu lidz kontroles limenim (9. att.; ANOVA
ar Fisher LSD: p < 0,05 lidz p < 0,001 vs kontrole; # p < 0,05 lidz ## p < 0,01
vs AT).

Satvériena spéks (15. diena): PP vienatné (1-20 mg/kg) satvérienu sa-
lidzinajuma ar kontroli nemainija; AT 80 mg/kg samazinaja satvériena spéku;
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PP 20 mg/kg + AT $o samazinajumu atgrieza lidz kontrolei (10. att.; p < 0,01 vs
kontrole; # p < 0,05 vs AT).

Rotéjosa stiena tests: butisku efektu PP (visas devas), AT vai to
kombinacijam nekonstatéja (dati nav paraditi).
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9. att. Muskulu speks Zurkam karajoties pie stiena.
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10. att. Muskulu spéks Zurku satvériena spéka testa.

3.2.2. Visparéja lokomotora aktivitate

Atklata lauka testad kopéjais veiktais attalums nemainijas ne PP (1-20 mg/
kg), ne AT 80 mg/kg, ne arl kombinétas ievadisanas gadijuma (11. att.).
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11. att. Lokomotora aktivitate Zurku atklata lauka testa.

3.2.3. Macisanas/atmina

Pasivas izvairi$anas testa starp PP 20 mg/kg, AT 80 mg/kg, kombinéto tera-
piju un kontroli atskiribas nekonstatéja (12. att.).
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12. att. Ietekme uz atminu Zurku pasivas izvairiSanas testa.

3.2.4. Pretsapju aktivitate

Astes refleksa (nociceptivaja) testa %MPE PP 20 mg/kg ietekmé nemainijas;
AT 80 mg/kg palielinaja %MPE salidzinajuma ar kontroli; PP + AT neizmainija
AT pretsapju efektu (13. att.; p < 0,05 vs kontrole).
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13. att. Pretsapju aktivitate Zurku astes refleksa (nociceptivaja) testa.

3.2.5. Plazmas holesterins un kreatinkinaze (CK)

Kopéjais holesterins starp grupam neatskiras (nav paradits). PP 20 mg/kg
palielinaja plazmas CK par ~ 25 % salidzinajuma ar kontroli (p < 0,01; 14. att.),
savukart AT 80 mg/kg un PP + AT CK veértibas bija salidzinamas ar kontroli.
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14. att. Kreatinkinazes (CK) aktivitate zurku plazma (U/1).
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3.3. Poliprenolu droSums un efektivitate (pilotpétijums)

3.3.1. Sakotnégjas raksturojuma iezimes

Ieklauti Cetrpadsmit pacienti; 11 pabeidza atbilsto$i protokolam (15. att.).
Grupas (péc protokola vs izslégtie, n = 3) sakotnéji bija lidzigas (3. tabula),
iznémums - zemaka sarmainas fosfatazes aktivitate izslégtajiem pacientiem
(p = 0,015). Lielakajai dalai bija diagnosticéta ASCVD. Statinu rezimi ietvéra
atorvastatinu 20-40 mg un rozuvastatinu 5-40 mg (4. tabula); vidéjais lietosanas
ilgums pasreizéja deva ~ 10 ménesi. Ieklausanas bridi muskulu simptomi bija biezi
(sapes 93 %, vajums 57 %, krampji 43 %); tikai 29 % bija LDL-C < 1,8 mmol/L

Sakotnéjie
raditaji
n=14
Izslegti:
:> 1 — piekriSanas atsaukS$ana
personigu iemeslu dél
4. nedelas
n=13
Izslegti:
1 — nespéja ieplanot V3
:> kontroles viziti darba apstaklu
del
1 — paaugstinatas ALAT un
ASAT véertibas
8 nedelas
n=11
15. att. Pétijuma plasmas diagramma.
3. tabula. Pétijuma pacientu sakotnéjais raksturojums.
Raksturlielumi Protokola grupa (n=11) | Izslégtie (n=3)
Sievie$u dzimums (n, %) 5 (45,5 %) 2 (66,7 %)
Vecums, gadi (vidéjais, SD) 67,73 + 8,59 55,00 + 18,19
Koronaras sirds slimibas anamnézé 11 (100 %) 3 (100 %)
Miokarda infarkts 6 (54,5 %) 1 (33,3 %)
PCI 8(72,7 %) 2 (66,7 %)
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Raksturlielumi

Protokola grupa (n =11)

Izslégtie (n = 3)

CABG 1(9,1 %) 1 (33,3 %)
Periféro artériju slimiba 2 (18,2 %) 0
Asins biokimija (vidéjais, SD) Protokola grupa (n=11) | Izslégtie (n=3)
Kopéjais holesterins, mmol/l 4,45 + 1,24 4,30 + 0,78
Trigliceridi, mmol/l 2,25+ 1,39 1,56 + 0,75
HDL-holesterins, mmol/l 1,33+ 0,27 1,09 £ 0,24
LDL-holesterins, mmol/l 2,25+ 0,95 2,76 + 0,83
Glikoze, mmol/l 5,43 + 0,77 5,53 + 1,06
Kreatinkinaze (CK), U/l 240,09+303,08 236,00 + 204,21
CK >ULR (n, %) 2(18,2 %) 1 (33,3 %)
ALAT, U/1 29,82 £ 11,69 32,22 £6,11
ASAT, U/l 34,27 + 14,00 25,33 £5,69
GGT, U/l 65,82 + 74,83 22,33 + 8,96
AP, U/l 89,91 £ 15,16 64,33 + 3,21*
Konjugetais bilirubins, umol/l 3,85+ 1,55 2,97 £ 0,91
Nekonjugeétais bilirubins, pmol/l 7,28 + 2,37 5,20 +1,06
Kreatinins, umol/l 73,18 £17,93 95,33 £30,29
GFR ml/min 96,30 + 25,61 97,67 + 73,24
Kalijs, mmol/l 4,60 £ 0,74 4,50 £ 0,26
TSH, mU/1 1,57 £1,25 2,37 £1,59
25-OH D vitamins, ng/l 24,17 £ 6,71 23,69 + 5,06
CRP, mg/l (mediana, IQR) 1,17 (0,97-2,47) 1,07 (-)
Citi kardiovaskularo slimibu riska faktori | Protokola grupa (n=11) | Izslégtie (n=3)
Smeékésana (n, %) 1 (9,09 %) 0 (0 %)
Hipertensija (n, %) 8 (72,73 %) 2 (66,66 %)
Diabéts (n, %) 2 (18,18 %) 0 (0 %)
Kermena masas 1n<81]e)k)ss, kg/m? (vidéjais, 27.96 + 2,13 20,38 + 5,53
Alkohola vienibas nedéla (vidéjais, SD) 2,18 £ 1,54 1,67 + 1,16
Fiziskas aktivitates, h nedela (vidéjais, SD)
Viegla 33,27 +12,56 28,00 + 12,12
Meérena 7,27 + 8,46 8,33 +5,13
Intensiva 1,18 £ 3,06 0

PCI - perkutana koronara intervence; CABG - koronaro artériju Sunté$anas operacija; ULR -
atsauces intervala augséja robeza; SD - standartnovirze; IQR - starpkvartilu diapazons; LDL -
zema blivuma lipoproteins; HDL - augsta blivuma lipoproteins; ALAT - alaninaminotransferaze;
ASAT - aspartataminotransferaze; GFR - glomerularas filtracijas atrums; GGT - gamma-
glutamiltransferaze; AP — sarmaina fosfataze; CRP - augstas jutibas C-reaktivais proteins; TSH —

vairogdziedzeri stimuléjo$ais hormons.
* p = 0,015; pargjie p > 0,05.
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4. tabula. Statinu terapija un muskulu simptomi ieklausanas bridi.

Statinu terapija (li(:pl?l) Pec(llzlz)tloll;ola If;lig;;e
Atorvastatins 20 mg (n) 2 (14,29 %) 1(9,09 %) 1 (33,33 %)
Atorvastatins 30 mg (n) 1(7,14 %) 1 (9,09 %) -
Atorvastatins 40 mg (n) 1(7,14 %) 1 (9,09 %) -
Rozuvastatins 5 mg (n) 2 (14,29 %) 1 (9,09 %) 1(33,33 %)
Rozuvastatins 10 mg (n) 3 (21,43 %) 3 (27,27 %) -
Rozuvastatins 20 mg (n) 4 (28,57 %) 3(27,27 %) 1(33,33 %)
Rozuvastatins 40 mg (n) 1(7,14 %) 1 (9,09 %) -

Muskulu simptomi un pazimes (leﬁ) Pec(}:r:otloll;ola If;lig;e
Sapes (n, %) 13 (92,86 %) 10 (90,90 %) 3 (100 %)
Sapes miera stavokli (n, %) 11 (78,57 %) 9 (81,82 %) 2 (66,67 %)
Sapju smaguma vertéjums 5,69 + 1,84 6,00 + 1,70 4,67 +2,31
(vidgjais, SD)*
Vajums (n, %) 8 (57,14 %) 7 (63,64 %) 1(33,33 %)
Vajuma smaguma vértgjums 6,00 + 1,51 6,14 + 1,57 5,00
(vidéjais, SD)
Krampji (n, %) 6 (42,86 %) 5 (45,46 %) 1(33,33 %)
Krampju smaguma vértéjums 5,33 £ 2,58 6,00 + 2,34 2,00
Paaugstinats CK limenis > ULR 577,00 + 342,46 614,00+£409,51 466,000

* Simptomu smaguma vértéjums balstits uz pacienta subjektivu simptomu izvértéjumu (diapazons
0 lidz 10). Vértéjumu aprékina tikai tiem pacientiem, kuriem simptoms ir sastopams.
CK - kreatinkinaze; ULR - atsauces intervala aug$éja robeza; SD - standartnovirze.

3.3.2. DroSums

8 nedélu laika péc protokola kohorta netika konstatéti nopietni nelabveéligi
notikumi; viens planots PCI noritéja bez sarezgijumiem. Atkartotu mérijumu
gaita (5. tabula) kliniskaja biokimija, hematologija vai EKG parametros bitisku
izmainu nebija, iznemot nelielu trigliceridu samazinajumu (p = 0,023). CK me-
dianas 4. un 8. nedéla bija tendenciali augstakas, tomér statistiski neatskiras
no sakotnéjam (ar Sidaka korekciju p > 0,7); pacientu ipatsvars ar CK > ULR
batiski nemainijas (p = 0,223).

Vienu 65 gadus vecu sievieti 4. nedéla izslédza asimptomatiskas transami-
nazu paaugstinasanas dé] (ALAT 473 U/l; ASAT 189 U/l; GGT 282 U/l) ar nor-
malu bilirubinu un CK (6. tabula). Virusu hepatits un strukturala hepatobiliara
slimiba tika izslégti; raditaji 7 dienu laika péc produktu partrauk$anas norma-
lizéjas. Fona faktori: HNS (GFR 50 ml/min), subkliniska hipotireoze un zems
25-OH D vitamins; nieru funkcija nepasliktinajas. Paraléli lietotais atorvastatins
20 mg (uzsakts 7 nedélas pirms ieklausanas) ari tika partraukts.
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5. tabula. Dro$uma parametri
Raksturlielumi - .. _ _ I
(vidéjais, SD) Sakotnéji 4 nedeélas 8 nedélas p vértiba
Kopéjais holesterins, 4,45 (1,24) 4,05 (0,62) 4,23 (0,57) 0,259
mmol/l
Trigliceridi, mmol/l 2,25 (1,39) 1,72 (1,16) 1,87 (0,95) 0,023
HDL-holesterins, 1,33 (0,27) 1,32 (0,27) 1,37 (0,23) 0,844
mmol/l
LDL-holesterins, 2,25 (0,95) 1,99 (0,54) 2,02 (0,58) 0,305
mmol/l
Glikoze, mmol/l 5,34 (0,77) 5,35 (0,77) 5,46 (0,67) 0,810
Kreatinkinaze, U/l ** 107 (85-275) 176 (97-214) 178 (92-216) 0,231 ***
ALAT, U/l 29,82 (11,69) 29,36 (8,87) 31,27 (12,91) 0,796
ASAT, U/1 34,27 (13,99) 32,64 (11,29) 35,36 (19,03) 0,648
GGT, U/l 65,81 (74,83) | 58,18 (61,60) | 46,18 (38,36) 0,286
AP, U/l 89,91 (15,16) | 86,64 (19,72) | 82,00 (13,52) 0,338
Konjugetais bilirubins, | 3 ¢ () 55 4,03 (1,45) 3,54 (1,31) 0,538
pmol/l
Nekonjugeétais
bilirubins, pmol/l 7,28 (2,37) 7,48 (2,22) 6,98 (2,28) 0,624
Kreatinins, pmol/l 73,18 (17,93) 71,64 (19,97) 73,00 (22,62) 0,292
GFR, ml/min 96,30 (25,61) 100,70 (30,35) 98,30 (28,90) 0,275
Kalijs, mmol/l 4,59 (0,74) 4,84 (0,72) 4,49 (0,28) 0,333
TSH, mU/I (n = 10) 1,57 (1,25) - 2,07 (1,44) 0,059
25-OH I(DHV:H?I(;I)IHS) 8l 2417 671) - 23,48 (8,27) 0,571
CRP, mg/1 ** 1,17 (0,97-2,47) | 1,53 (0,99-3,61) | 1,86 (0,83-4,70) | 0,477 ****
Hematologija Sakotnéji 4 nedeélas 8 nedélas p veértiba *
Eritrociti, 10'%/1 4,86 (0,20) 4,79 (0,36) 4,79 (0,36) 0,599
Leikociti, 10%/1 11,03 (12,10) 7,65 (2,47) 7,50 (1,92) 0,390
Trombociti, 10°/1 248,91 (37,70) | 261,55 (34,45) | 244,55 (37,32) 0,110
Hemoglobins, g/1 144,27 (8,84) 140,55 (11,64) 140,91 (13,19) 0,235
Elektrokardiografija Sakotnéji 4 nedélas 8 nedélas p vertiba *
Sinusa ritms (n, %) 9 (81,8 %) 9 (81,8 %) 9 (81,8 %) 1000
Slrdearbf;;ﬁek"eme’ 71,91 (14,87) 63,18 (9,05) 67,64 (8,42) 0,097
PR (ms) (n = 9) *** | 169,89 (30,23) | 175,78 (36,49) | 174,67 (30,97) 0,516
QRS (ms) 106,27 (24,46) | 107,27 (24,73) | 106,55 (23,24) 0,779
QT (ms) 407,27 (41,69) 427,45 (33,36) 412,00 (29,85) 0,125
QTc (ms) 382,82 (43,52) 394,27 (34,04) | 371,64 (25,874) 0,217

* Atkartotu mérijjumu ANOVA; ** mediana un starpkvartilu diapazons; *** Fridmana tests; ****
mediana un starpkvartilu diapazons, salidzinajumi veikti ar logaritmiski transformétam vértibam;
#HeEt pacientiem ar sinusa ritmu (n = 9).
SD - standartnovirze; LDL - zema blivuma lipoproteins; HDL - augsta blivuma lipoproteins;
ALAT - alaninaminotransferaze; ASAT - aspartataminotransferaze; GFR - glomerularas filtracijas
atrums; GGT - gamma-glutamiltransferaze; AP - sarmaina fosfataze; CRP - augstas jutibas
C-reaktivais proteins; TSH - vairogdziedzeri stimul&josais hormons; PR - PR intervals; QRS - QRS
komplekss; QT - QT intervals; QTc - korigétais QT intervals.
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6. tabula. Pacienta gadijuma kopsavilkums ar aknu enzimu (transaminazu)

paaugstinajumu.
,As_l s Sakotnéji | 4 nedélas N 1 diena * 7 dienas Atsauces intervali
biokimija ’ péckontrole | péckontrole
ALAT 31,00 473 313 62 <410/
ASAT 27,00 189 82 34 <370/
GGT 28,00 282 250 154 < 61U/
AP 62,00 151 134 90 < 117071
Kopéjais
bilirubins 6,00 5,60 - 6,20 < 19 umol/l
Konjugétais
bilirubins 2,00 1,70 - - < 3,4 pmol/l
Nekonjugeétais
bilirubimns 4,00 3,90 - - - pmol/l
CK 166 191 - - 190 U/1
Kreatinins 130,00 113 - - 30-106 umol/l
GFR 50 58 - - > 90 ml/min
Kalijs 4,70 4,90 B = 3,50-5,30 mmol/l
25>-OH D 21,81 - - - 30-100 ng/ml
vitamins
CRP 1,60 2,49 - - < 1,0 mg/l

FU - péckontrole; ALAT - alaninaminotransferaze; ASAT - aspartataminotransferaze; GGT -
gamma-glutamiltransferaze; AP - sarmaina fosfataze; CK - kreatinkinaze; GFR - glomerularas
filtracijas atrums; CRP - augstas jutibas C-reaktivais proteins.

3.3.3. Muskulu simptomi

Pagzinotie vértéjumi uzlabojas 8 nedélu laika: sapes (n = 10) kopuma
samazinajas butiski (p < 0,001) ar uzlabojumu 4. un 8. nedéla salidzinajuma
ar sakumu (p = 0,010; p = 0,001) un nebatisku izmainu starp 8. un 4. nedélu
(p = 0,070); vajums (n = 7) uzlabojas (p = 0,018). Krampju (n = 5) izmainas
kopéja tendence nebija statistiski nozimiga (p = 0,069), bet 8. nedéla bija uzla-
bojums salidzinajuma ar sakumu (pielagotais p = 0,012) (16. att.). Reakcijas sa-
daljjums: sapes pilniba izzuda 2/10 (20 %) un samazinajas > 50 % 4/10 (40 %);
vajums izzuda 3/7 (42 %); krampji izzuda 2/5 (40 %) un samazinajas > 50 %
2/5 (40 %). Tikai 2/11 pacientu nezinoja par uzlabojumu neviena simptoma.
Pétijuma beigas 4/10 (40 %) uzskatija, ka simptomi ir pietiekami uzlabojusies,
lai apsveértu statina devas palielinasanu (1/10 4. nedéla).
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==4=Muscle pain (n=10)
== Muscle weakness (n=7)
=== Muscle cramps (n=5)

N\

p=0.018
p<0.001

Symptom severity score

~

p=0.069

Baseline 1 month 2 months

16. att. Paszinoto muskulu simptomu vértéjumi pétijuma perioda. P vértibas
atspogulo statistisko nozimibu visos atkartotajos mérijumos.

3.3.4. Dinamometrija, slodzes tests un fiziskas aktivitates

Rokas satvériena spéks parsvara nemainijas; 8. nedéla novéroja nelielu
pieaugumu kreisas rokas spéka maksimalaja vértiba (p = 0,047), bet paréjie di-
namometrijas galapunkti nebija nozimigi (7. tabula). Veloergometrijas raditaji
(slodze, HR, asinsspiediens, ST-depresija, HR/ST indekss) nemainijas. Paszinotas
vieglas fiziskas aktivitates (stundas/nedéla) laika gaita pieauga (sakotnéji
33,3+ 12,6 > 358+ 16,2 4.nedéla > 39,6 + 18,9 8. nedéla; p = 0,008; 17. att.).

7. tabula. Fiziskie testi (n = 11)

Dinamometrija Sakotnéji 4 nedelas 8 nedélas p vertiba
Laba roka, maksimums (kg) | 39,73 (20,80) | 38,36 (20,09) | 40,36 (22,77) | 0,425
Laba roka, vidéja vértiba (kg) | 35,94 (20,21) | 35,88 (18,94) | 36,09 (20,03) | 0,985
Kreisa roka, maksimums (kg) | 35,18 (20,83) | 36,45 (20,97) | 39,36 (18,60) | 0,047
Kreisa roka, vidéja vertiba (kg) | 33,09 (20,31) | 34,73 (20,17) | 36,91 (18,09) | 0,102
Slodzes tests Sakotnéji 4 nedélas 8 nedélas p veértiba
Slodze (vati) 106,82 (37,23) - 100,00 (29,58) | 0,192
Maksimalais pulss (bpm) | 107,36 (18,05) - 108,73 (15,14) | 0,728
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7. tabula. Turpinajums

Slodzes tests Sakotnéji 4 nedeélas 8 nedélas p vertiba
Mak51m.ala}s sistoliskais asins- 172,18 (17,53) ~ 160,00 (23,18) 0,087
spiediens (mmHg)
Maksimalais diastoliskais | g9 o) (¢ 13) - 94,73 (17,60) | 0,443
asinsspiediens (mmHg)
ST depresijas (mm) 2,23 (1,77) - 1,96 (1,10) 0,433
Sirdsdarbibas atruma/ST
indekss (bpm/mm) 1,00 (1,02) - 1,24 (1,03) 0,609

SBP - sistoliskais asinsspiediens, DBP - diastoliskais asinsspiediens

45
40 p:o_ot)_S/
L3 —
§ 30 —e—Low (<3 METs)
g 25 —8— Moderate (3-6 METs)
£ 20 —i— Intensive (>6METs)
215 p=0.050
10 - =
5 p=0.197
0 . ;
Baseline Week 4 Week 8

17. att. Paszinotas fiziskas aktivitates, stundas nedéla (n = 11).

Analitiskaja darba tika identificéts ar P15 bagats Abies sibirica poliprenolu
profils un etanola-lecitina lidzskidinasanas metodé izveidotas stabilas, ap PP
augsti pilditas multilamelaras liposomas. Zurkam PP 20 mg/kg uzlaboja snie-
gumu stiena karasanas testa un novérsa atorvastatina izraisitu muskulu spéka
samazina$anos, neietekméjot lokomociju, atminu vai rotéjosa stiena testa
rezultatus; PP méreni paaugstinaja CK, savukart atorvastatins un kombinéta te-
rapija — né. Neliela, atklata kliniska kohorta 8 nedélu PP + CoQ,, papildinasana
kopuma bija dro$a, rezultéjas ar butisku paszinoto muskulu sapju un vajuma
uzlabojumiem un palielinaja zemas intensitates fizisko aktivita$u biezumu, ne-
mainot objektivo slodzes jaudu. Vienam pacientam atgriezeniska transaminazu
paaugstinasanas bija iemesls terapijas partrauksanai. Sie rezultati atbalsta
turpmaku kontrolétu skujkoku izcelsmes poliprenolu (ar optimizétu piegades
formu) izvértésanu ka papildterapiju statiniem saistitu muskulu simptomu
mazinasanai.
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4. DISKUSIJA

Skujkoku poliprenoli, garkézu izoprenoidu spirti, kas bagatigi sastopami
priedés (Pinus) un eglés (Picea), atbalsta membranu integritati, glikozilaciju
un lipidu vielmainu. Statini samazina mevalonata cela starpproduktus (CoQ,,,
doliholus, prenilacijas donorus), kas predisponé statinu inducétai miopatijai
(SIM). Nemot véra pieradijumus par poliprenolu antioksidativo un pretiekai-
suma iedarbibu, ka ari to potencialu atjaunot ar doliholu saistitas funkcijas,
$aja darba tika veikta to analitiska raksturo$ana, liposomalas formas izstrade,
pirmskliniskas efektivitates un kliniska izpéte — gan atseviski, gan kombinacija
ar CoQ,.

Talak sniegts parskats un analize par galvenajiem atklajumiem no trim re-

cenzétam publikacijam, uz kuram balstas $is promocijas darbs:

8. tabula. Promocijas darba publikacijas

dI;l:l))I:(s):g:lsa Galvenie rezultati Interpretacija Publikacija
Nodrosina
UHPLC-DAD-HRMS izdalija desmit Efl’; ;’i‘écei?g?u
homologus (Pren-11 > Pren-20), )nos e dE mu”
vislielaka frakcija — Pren-15 (= 37 %); Kas ng iecieéar)ns
Poliprenolu pilotpartiju CV < 3 %. piecies:
analitika un 25 % fosfatidilholina etanola reguglt\t[v; ! V. RakststI I
liposomala nodrosinaja pilnu 80 % poliprenolu kaIIilﬁkaci'ai ( 333%2; fs]a "
forma ekstrakta lidzskidinasanu; Parvar ze 111 0'
multilamelaras vezikulas (maksimalais Skidibu iideni -
diametrs =~ 1,36 pum) fiziski stabilas sicibu b
> 6 ménesus. vesturisku
$kersli kliniskai
translacijai.
} Egles poliprenoli (10-20 mg/kg/diena, :IEEEEE:;
Zurku p-0.) novérsa atorvastatina izraisitu ok Raksts IT
pirmskliniskais kritumu karaganas pie stiena un . speCIf i o (Jansone et al.,
SIM modelis satvériena spéka testos, neizmainot ;:zzflrrii Z f::llitlil\?u 2016) [6]
plazmas holesterinu vai CNS uzvedibu. devu di -
evu diapazona.
11 SIM pacientiem, kas 8 nedélas Pétijums
sanéma poliprenolus 4 mg/ sniedz pirmos
diena + CoQ,o 100 mg/diena, pieradijumus Raksts III
Pacientu SIM sapju un vajuma veértéjumi batiski par efektivitati (Latkovskis
pilotpétijums | samazinajas (P < 0,001 un P =0,018), cilvekiem un etal.,2016)
nopietnu nelabveéligu notikumu nebija; apstiprina [7]
CK pieauga nebutiski, un lipidu meérki saderibu ar
saglabajas. statinu terapiju.
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Apvienojot $os datus ar iepriek§ publicéto literatiiru, meés ieziméjam, ka
poliprenoli — gan atseviski, gan kopa ar CoQ,, - var kupét trakumus SIM pro-
filaksé un arstnieciba.

4.1. Skujkoku poliprenolu biokimiska raksturosana (raksts I)

Ar UHPLC-DAD-HRMS noteikts Sibirijas baltegles profils no Pren-11 lidz
Pren-20, visvairak parstavéts bija Pren-15 (~ 37 %); Pren-15 kopa ar Pren-16
veidoja > 65 % no kopéja daudzuma [63]. Izmantotas tiribas =~ 80 % PP eks-
trakts Java veikt PP formuléjumu standartizaciju, nodro$inaja devas precizitati
un spéju secinat par iespéjamajiem darbibas mehanismiem, netie$i paradot PP
kédes garuma ietekmi uz membranu afinitati un parvérsanas spé&ju par doliholu.

4.2. Formulésanas stratégijas lipofilajiem poliprenoliem
(raksts 1)

PP ir neskistosi ident, tadé] tika pétiti iespéjamie fosfolipidu neséji. Stabilam
sistémam bija nepiecieSami 240 % fosfatidilholina un lipids:PP > 15:1 (m/m);
optimala ieklausana tika panakta pie 1:40 PP:fosfolipids (Phosal 40 IP/75 SA;
Lipoid P45). Sie nosacijumi minimizéja izgulsnésanos un nodroginaja vienmé-
rigu iekapsulésanu.

4.3. Liposomalas poliprenolu piegades sistémas izstrade
(raksts 1)

Kopskidinasana, izmantojot modificétu etanola injekcijas metodi, nodro-
$inaja multilamelaru vezikulu (MLV) veidoSanos ar izméru sadaljjuma mak-
simumu ap 1,36 pm un dazam submikronu kopam. Uz peroralu ievadisanu
orientéta formulacija veicina PP tranzitu caur kungi un iespé&jamu uzsiaksanos
limfatiskaja sistéma [64], vienlaikus pasargajot PP no oksidacijas un agregacijas.
Si praktiska forma kalpoja par pamatu talakajiem pétijumiem ar cilvéekiem un
virzija uztura bagatinataju izstradi (piem., SuperCell"HEPA) [65].

4.4, Poliprenolu liposomu optimizacijas turpmakie virzieni

Mikrofluidika balstita etanola injekcija, ar mérki sagaurinat izméru sada-
lijumu; PEGilésana glotslana penetracijai; markéti PP uzsiiks$anas izsekoSanai
Caco-2 $inas un in situ zarnu cilpas; ka ari salidzinajumi ar nanoemulsijam,
micellam un cieta lipida nanodalinam - lidzsvarojot regulativas vienkarsibas
prieksrocibas pret augstaku iekapsulésanas efektivitati [66], [67].
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4.5. Plasaks poliprenolu farmakologiskais potencials

Prekliniskie dati (piem., no Ginkgo ieguti poliprenoli) parada aizsargiedar-
bibu toksiska hepatita gadijuma; Ropren® Krievija ir lietots kliniski hronisku
aknu slimibu arstésana, iespéjams, pateicoties membranu stabilizacijai un an-
tioksidantu iedarbibai [68], [69]. PP un to atvasinajumi var méreni samazinat
sterolu sintézi pa no statiniem atskirigiem celiem. Lejupéjie izoprenoidi (piem.,
GGOH) in vitro samazina holesterina sintézi un ACAT aktivitati, ar atgrieze-
nisku ietekmi uz LDLR ekspresiju [70], [71], [72]; Kombinéts PP-fosfats un
B-sitosterols var pastiprinat lipidu limeni pazeminoso efektu [2], [73]. Masu
zurkam PP holesterina limeni nesamazinaja — kas $aja gadijuma bija vélams
iznakums, lietojot PP kopa ar statiniem [6]. Izoprenoidu saimes savienojumi
(CoQ,, tokotrienoli, astaksantins, GGOH) liecina par ticamu glikozes/insulina
signalcelu savstarpéju mijiedarbibu, kas pamato ilgaku PP pétijumu veik§anu
[74], [75], [76], [77]. Poliprenoli uzlaboja kognitivas funkcijas Alcheimera slimi-
bai lidzigos grauzéju modelos [78]; Misu pétijumos ar Zurkam netika konstatéts
centralas nervu sistémas (CNS) darbibas traucéjumi, kas norada uz neirologisku
drosumu un iespéjamu ieguvumu oksidativa stresa/neiroiekaisuma apstaklos
(6], [78], [79], [80], [81].

PP ir ar uzturu uznemami prekursori doliholiem. Statini samazina meva-
lonata cela produktu (CoQ,, doliholi, prenilésanas donori) limeni, pasliktinot
muskulu energétiku, glikozilaciju un signalparraidi. Poliprenoli uzsticas un tiek
reducéti par doliholu; Dol-P atbalsta N-glikozilaciju ER. Dolihola papildina-
$ana var stabilizét sarkolemmas glikoproteinus (piem., distroglikanus) un audu
atjauno$anas spéju, kas saskan ar spéka saglabasanas rezultatiem in vivo [6],
[82]. Statini var samazinat CoQ),, limeni muskulos par 30-50 % [83]. Zurkam
PP vieni pasi spéja normalizét fiziska snieguma limeni; kliniski PP kombinésana
ar CoQy, ir racionala, lai novérstu divkarsus deficitus, kas saskan ar simptomu
mazinajumu III raksta un pretrunigo literatiiru par CoQ,, monoterapiju [6], [7],
[84].

Atorvastatins (80 mg/kg) pasliktinaja karasanas uz stiena un satvériena
spéka testu rezultatus zurkam; vienlaikus ievaditi PP (1-20 mg/kg) devas at-
kariga veida atjaunoja sniegumu lidz kontroles limenim, neietekméjot lokomo-
ciju, macisanos vai koordinaciju. Holesterina limenis visas grupas nemainijas.
Kreatinkinaze (KK) palielinajas ~ 25 % pie PP 20 mg/kg monoterapijas (bez
funkcionala kaitéjuma), bet ne pie atorvastatina + PP, kas drizak norada uz
labdabigu membranu atjaunosanos, nevis bojajumu. Dati atbalsta muskuliem
mérkétu aizsardzibu un atbalsta pareju uz talakiem pétijjumiem cilvékos [6].
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4.6. Kliniska izvértésana (raksts Ill)

11 SIM pacientiem 8 nedélas ilga PP 4 mg/diena + CoQ,, 100 mg/diena
lietoSana samazinaja sapju un nespéka vértéjumus (sapes P < 0,001; nespéks
P =0,018); 40 % apsvéra statina devas palielinaganu. Objektivas veiktspéjas
izmainas bija minimalas - visticamak atspogulojot nelielu izlasi, Isu ilgumu
un mérenu sakotnéjo traucéjumu [7].

Nopietni nevélami notikumi netika novéroti; KK pieaugums nebija statis-
tiski nozimigs. Vienam pacientam ar HNS bija parejosa, asimptomatiska
transaminazu paaugstinasanas, kas normalizéjas péc produktu partrauksa-
nas; piesardziba un monitoré$ana riska grupas pacientiem ir pamatota.
Rezultati saskan ar datiem Zurkam: funkcionala aizsardziba/simptomu
mazinajums pie zemam cilvéka devam, kombinéjot ar CoQ,,. Lai noskirtu
PP ietekmi no kombinétas terapijas, nepiecieSsami kontroléti pétijumi.

4.7. Poliprenoli, statini un CoQ,,: terapeitiskais krustpunkts

PP + CoQ,, komplementari mérké uz mevalonata cela deficitiem (dolihols/

ER homeostaze un ubihinons/mitohondriji). Salidzinajuma ar citam SIM pie-
ejam (D vitamins, karnitins, E vitamins) $i stratégija ir pamatota ar biokimis-
kajiem mehanismiem un tiecas saglabat statinu efektivitati, vienlaikus uzlabojot
panesamibu. Dro$ums pétijumos kopuma bija piepemams; viena gadijuma
konstatéts atgriezenisks aknu dro$uma signals, kas prasa modribu [85], [86].

4.8. Pétijuma ierobezojumi

Sis doktora disertacijas ietvaros veiktajiem pétijumiem ir vairaki ierobezo-
jumi, kas prasa izvértéjumu.

Patiesa perorala biopieejamiba un konversija audos par doliholu joprojam
nav kvantificéta; cilvekiem lietota deva (4 mg) var nepietiekami nodrosinat
audu ekspoziciju. Farmakokinétiskie un ar markétiem PP veikti pétijumi ir
talaka pirma prioritate.

Netika veikta muskulu histologija, audu dolihola mérijumi, noteikts glikozi-
lacijas statuss vai intramuskularais CoQ,, - iedarbibas mehanismi tadéjadi
paliek netiesi izsecinati.

Augsta statina deva, sievieSu dzimuma Wistar zurkas un salidzino$i iss
terapijas ilgums ierobezo rezultatu visparinamibu; nepiecieSama hroniska,
Kkliniski atbilsto$a dozésana ar padzilinatu audu analitiku (Raksts II).
Atklats dizains, neliela izlase, Iss novéroSanas periods un kombinicija ar
CoQ,, nelauj drosi noteikt célonsakaribas un modelét devas-efekta attie-
cibu; objektivie funkcionalie galarezultati lielakoties nemainijas (Raksts III).
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4.9. Pétijumu nepilnibas un turpmakie pétijjumi

o Mehanismi: definét PP ietekmi uz mevalonata plasmu, Dol-P rezervém,
glikozilaciju, prenilésanu un mitohondriju signalizaciju (stabilu izotopu
izsekosana; mérkéta proteomika) [9], [27].

o DPiegade/PK: tiess salidzindgjums liposomas pret nanoemulsijam/micellam;
cilveku PK/PD, audu sadalijums un konversijas kinétika [40], [87], [88].

o Kliniskie pieradjjumi: pietiekami jaudigi RKB SIM populacija ar PZR, KK
un MR muskulu tauku frakciju; faktoriala dizaina atzari (PP monoterapija
vs CoQ,, monoterapija vs kombinacija); sportistu krustotais pétijums oksi-
dativa stresa apstaklos [78], [89], [90], [91], [92].

o Salidzindjumi: pozicionéSana attieciba pret PCSK9 inhibitoriem, bempedo-
isko skabi un inklisiranu statinu nepanesibas apriipes terapijas [85], [93],
[94], [95], [96].

o Standartizacija/drosums: GMP klases PP homologo profili, formulaciju
sériju atkartojamiba, zalu un uztura bagatinataju mijiedarbiba, ilgtermina
aknu un nieru drosums, ka ari kaulu veseliba.

o Personalizacija/omika: farmakogenomika SIM riska izvértésanai [97], [98];
multiomika pacientu kartésanai terapijas laika [99], [100], [101].

4.10. Nosléguma piezimes

Si disertacija sniedz: (i) farmaceitiski realistisku liposomalu PP formulaciju;
(ii) preklinisku koncepcijas pieradijjumu SIM mazinasanai; un (iii) pirmreizéju
dro$uma/izpildamibas novértéjumu cilvékiem PP + CoQ,, terapijai. Kopuma no
augiem ieguti PP mazinaja ar statiniem saistitos muskulu simptomus in vivo un
izpétes kliniska vidé - ipasi kombinacija ar CoQ,, — nepasliktinot lipidu kon-
troli. Sie rezultati pamato stingri kontrolétu pétijumu, PK/PD raksturosanas un
piegades sistému pilnveides nepiecieSamibu, lai ieklautu PP precizijas stratégijas
statinu nepanesamibai, metabola sindroma gadjjuma un ar vecumu saistitas
veiktspéjas mazinasanas konteksta.

Disertacijas meérkis: paradit, ka skujkoku izcelsmes poliprenoli - caur
kimisko raksturo$anu, liposomalu formulésanu, prekliniskas efektivitates par-
baudém un izpétes klinisko pétijjumu - var papildinat no mevalonata atkarigos
starpproduktus un kalpot ka dross, efektivs papildlidzeklis statinu izraisitu mio-
patiju (SIM) profilaksei vai mazinasanai.
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5. SECINAJUMI

Statinu izraisita miopatija (SIM) ierobezo lipidus pazeminosas terapijas

ievéroganu. Si disertacija izveido pilnu translacijas loku skujkoku izcelsmes po-
liprenoliem - no kimiskas definésanas un liposomalas piegades lidz prekliniskai
efektivitatei un pirmreizéjai izpétei cilvékos — mérkéjot kupét mevalonata cela
iztriaksto$os produktus (dolihols, ubihinons), lai saglabatu muskulu funkciju,
nepasliktinot statinu sniegto ieguvumu.

5.1. Paveikta kimiska raksturosana

UHPLC-DAD-MS noteica desmit homologus (Pren-11 > Pren-20) Abies
sibirica/Picea abies, ar dominéjosu Pren-15 (~ 37 %).

Reproducéjams PP profils izpildija 1. meérki, nodrosinot konsekventu
dozésanu un gatavibu formulacijas regulativo prasibu izpildei.

5.2. Izstradata inovativa liposomala piegades forma

Modificéta etanola injekcija/kopskidinasana ar fosfatidilholinu (> 40 % no
lipida; PP/lipids ~ 1:33-1:40, m/m) radija stabilas multilamelaras vezikulas
(modalais diametrs ~ 1,36 um; stabilitate > 6 ménesi).

Izpildits 2. mérkis: sistéma saglaba PP integritati, parvar hidrofobitati un ir
piemérota lieto$anai in vivo.

5.3. Prekliniska efektivitate Zzurku SIM modeli

Sievie$u Wistar Zurkam, kuras sanéma atorvastatinu 80 mg/kg/diena, skuju
poliprenoli (1-20 mg/kg/diena) noveérsa pasliktinasanos karasanas uz stiena
un satvériena spéka testos, neizmainot uzvedibu, holesterinu un neizraisot
toksicitati.

Izpildits 3. mérkis, apstiprinot devas atkarigu muskulu aizsardzibu, kas
saskan ar dolihola papildinaganu un antioksidativo iedarbibu.

5.4. Pirmreizéjs droSuma noveértéjums cilvékiem un koncepta
pieradijums

8 nedélu atklats pilotpétijums (n = 11) ar poliprenoliem 4 mg/diena + CoQ,,
100 mg/diena pacientiem ar apstiprinatu SIM samazinaja sapju un nespéka
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vértéjumus, 40 % dalibnieku Java apsveért statina devas paaugstinasanu un
uzradija labdabigu dro$uma profilu (bez nopietniem NNI; bez KK pikiem).
o Izpildits 4. mérkis, demonstréjot panesamibu ar sakotnéju efektivitati.

5.5. Stratégiskas terapeitiskas implikacijas

o Poliprenolu + CoQ,, kombinacija risina komplementaru mevalonata cela
deficitu (dolihols un ubihinons), labveéligi salidzinoties ar eso$ajam SIM
stratégijam, jo mazina miotoksicitati, vienlaikus saglabajot statinu lipidus
pazeminos$o efektu.

o Liposomalas piegades formas varétu tikt izmantotas ari citas situacijas, ko
raksturo mevalonata nepietiekamiba vai oksidativs membranu stress (piem.,
sarkopénija, NAFLD).

5.6. Turpmako peéetijumu virzieni

o II fazes RKB: placebo-kontroléti pétijumi, lai apstiprinatu efektivitati,
noteiktu optimalo dozésanu un noskirtu mono- pret kombinétas terapijas
efektu.

o Mehanisma biomarkieri: stabilu izotopu izseko$ana PP - dolihols, muskulu
Dol/Dol-P kvantifikacija, glikoproteinu/prenilésanas statuss un mitohond-
riju/ER funkcijas attéldiagnostika.

o Formulacija/PK: atsevisku homologu farmakokinétika; mikrofluidiska
izmeéro$ana; nanoemulsiju/poliméru neséju izpéte biopieejamibas uzlabosa-
nai.

Kopuma disertacija apraksta logisku celu no laboratorijas lidz klinikai, no-
sakot PP kimiskos profilus, optimizéjot peroralo piegadi, demonstréjot muskulu
aizsardzibu dzivniekiem un uzradot pozitivus kliniskos iznakumus, tadéjadi
atbalstot virzibu uz lielakiem randomizétiem kliniskajiem pétijumiem. Arpus
SIM 31 platforma paver plasaku pielietojumu izoprenoidu deficita un oksidativa
stresa slimibas, veidojot pamatu turpmakam terapeitiskam inovacijam.
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ABSTRACT

Polyprenols are long-chain isoprenoid alcohols richly present in conifer
needles such as Abies sibirica (Siberian fir) and Picea abies (Norway spruce).
After enzymatic reduction to dolichols they sustain protein N-glycosylation,
modulate membrane fluidity and quench lipid peroxidation. By inhibiting
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase, statins lower
endogenous dolichol and CoQ,, (ubiquinone); dolichol depletion impairs
N-glycosylation and destabilizes muscle membranes, while CoQ,, depletion
undermines mitochondrial adenosine triphosphate (ATP) generation and an-
tioxidant defense — mechanisms implicated in statin-induced myopathy (SIM).
On this basis, we tested whether oral conifer polyprenols (dolichol precursors),
together with complementary CoQ,,, can replete mevalonate-pathway products
and lessen SIM.

Analytical work highlighted ten polyprenol homologues (Pren-11 - Pren-20)
in an 80 % purified Siberian-fir extract, with Pren-15 dominant (= 37 %).
A modified ethanol-injection technique co-solubilised the extract with pho-
sphatidylcholine, yielding multilamellar liposomes (1.3 pm modal diameter,
> 70 % encapsulation, six-month stability) that overcome poor oral availability.

In vivo, spruce polyprenols (1, 10, 20 mg/kg/day prevented atorvastatin-in-
duced grip-strength loss in rats without affecting behaviour or plasma choles-
terol, while separate immobilisation-stress model demonstrated protection of
spatial memory and normalisation of corticosterone.

A first-in-human, open-label pilot (n = 11) administered polyprenols
4 mg/day plus CoQ,, 100 mg/day for eight weeks to patients with verified SIM.
Muscle-pain and weakness scores fell by 50 % and 40 % respectively; four parti-
cipants considered statin re-titration. Laboratory safety parameters stayed within
normal ranges, supporting good tolerability; however, interpretation is limited
by the small sample size and the absence of a placebo-controlled comparison.

Together these studies establish conifer polyprenols as rational adjunct to
statin therapy. Polyprenols can replenish dolichol pools, bolster antioxidant
defences and, when formulated as liposomes, achieve more acceptable bioavai-
lability. These findings warrant a randomised controlled trial to confirm clinical
efficacy and define optimal dosing.

Keywords: polyprenols; dolichols; statin-induced myopathy; mevalonate
pathway; liposomal delivery; therapeutic bioavailability
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INTRODUCTION

Statin therapy remains the cornerstone of atherosclerotic cardiovascular
disease prevention, yet its long-term effectiveness is undermined by statin-
induced myopathy (SIM), a frequent cause of dose reduction or discontinuation.
Accumulating evidence links SIM to collateral inhibition of the mevalonate
pathway, depleting not only cholesterol but also essential isoprenoids that sustain
mitochondrial bioenergetics and protein N-glycosylation. Within this context,
plant-derived polyprenols, long-chain isoprenoid alcohols abundant in conifers
and precursors to dolichols, offer a mechanistically grounded opportunity to
restore dolichol-dependent glycoprotein assembly. Co-supplementation with
coenzyme CoQ,, provides a complementary strategy aimed at preserving muscle
function without compromising lipid lowering.

This doctoral work builds a translational arc from chemistry to clinic.
First, it defines a reproducible chemical fingerprint for conifer polyprenols
(Pren-11 > Pren-20, Pren-15 dominant), establishing the analytical basis for
quality control and dosing. Second, it addresses the long-standing barrier of
hydrophobicity by developing a phosphatidylcholine-rich, ethanol-injection
liposomal platform that achieves high encapsulation and suitability for oral
use. Third, in a rat model of high-dose atorvastatin myopathy, polyprenols
prevented declines in wire-hang and grip strength without behavioral toxicity or
interference with cholesterol levels, consistent with dolichol repletion. Finally, an
exploratory, eight-week, first-in-human pilot in verified SIM patients evaluated
daily polyprenols combined with CoQ,, demonstrating good tolerability
alongside clinically meaningful reductions in pain and weakness scores,
and enabling consideration of statin re-escalation in a subset of participants.
Together, these studies position conifer-derived polyprenols, alone and with
CoQy, as a promising adjunct to improve statin tolerability, motivate phase II
randomized trials, and open broader avenues for treating disorders characterized
by isoprenoid insufficiency.
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GOALS AND OBJECTIVES OF THE DOCTORAL
THESIS

The goal of the doctoral thesis
To demonstrate that conifer-derived polyprenols - through chemical

characterisation, liposomal formulation, pre-clinical efficacy testing and
exploratory clinical study - can replenish mevalonate-dependent intermediates
and serve as a safe and effective adjunct for alleviating muscle-related adverse
effects (SIM) associated with statin therapy.

1)

2)

3)

4)

1)

2)

Objectives of the thesis

Define the chemical signature of conifer-derived polyprenols

o Isolate and quantify individual homologues (Pren-11 > Pren-20)
from Abies sibirica and Picea abies using UHPLC-DAD-MS to establish
purity, chain-length distribution and dominant species

Optimise an oral delivery platform for polyprenols

o Develop a phosphatidylcholine-based multilamellar liposomes by
modified ethanol-injection; determine particle size, encapsulation effi-
ciency, and stability.

Demonstrate pre-clinical efficacy against statin-induced myopathy

o In a rat model receiving high-dose atorvastatin, evaluate polyprenol
(1, 10, 20 mg/kg/day) protection of muscle strength and behavioural
endpoints; measure serum creatine kinase, cholesterol and stress-rela-
ted biomarkers to characterise mechanistic benefit.

Generate first-in-human safety and proof-of-concept data

o Conduct an eight-week open-label pilot of polyprenols 4 mg/day plus
CoQ10 100 mg/day in patients with confirmed SIM; record changes in
pain, weakness, willingness to re-escalate statin dose, and laboratory
safety indices.

Thesis for defense

We are the first to show that exogenous conifer-derived polyprenols can
reconstitute the dolichol pool that is secondarily depleted by statin blockade
of the mevalonate pathway. In rat SIM models, this biochemical rescue
translates into complete normalisation of grip-strength and hanging-time
despite high-dose atorvastatin.

We developed a novel method based upon co-solubilization and a modified
ethanol injection approach within an ethanol-phospholipid system (lipo-
somes) that provides an improved strategy for encapsulating hydrophobic
bioactive compounds, particularly polyprenols. This technological approach
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3)

4)

improves their bioavailability, thus addressing traditional limitations asso-
ciated with their poor gastrointestinal absorption and solubility.

Our first-in-human pilot demonstrates that, eight-week daily co-supplemen-
tation of polyprenols (4 mg) + CoQ,, (100 mg) produced a 50 % reduction
in muscle-pain scores and allowed 40 % of symptomatic patients to consider
increase in the statin dose, with no laboratory indice or neuro-behavioural
changes. This establishes the polyprenol preparation as a realistic long-term
adjunct for statin-intoleran individuals and justifies a placebo-controlled
phase-II trial.

Because polyprenols (i) restore dolichol-dependent glycosylation, (ii) sta-
bilise membrane lipids and (iii) act as chain-length-selective antioxidants,
they can be a versatile ingredient. The liposomal technology developed
here enables their incorporation into oral food supplements and fixed-dose
medical formulations aimed not only at statin-induced myopathy (SIM) but
also at any condition characterised by mevalonate-pathway insufficiency or
oxidative membrane stress (e.g., age-related sarcopenia, non-alcoholic fatty
liver disease).

Characterize & formulate
UHPLC-HRMS: Pren-11...20
(Pren-15 most abundant)
Ethanol-injection in phosphatidylcholine
“SuperCell® liposomes: PC > 40 %, PP:PL > 1:15 “Kardiopren”
HEPA”? Stable MLV's P()lypreno] +
polyprenol Q10 capsules’
containing Preclinical efficacy production for
liposome TV 80 mg/kg > ~ 3 x | wire-hang time clinical dosing
capsules PP 1-20 mg/kg restores to control
20 mg/kg alone = 2 x control hang; grip rescued ’
at 20 mg/kg
Clinical pilotstudy
8-week open-label; 4 mg/day PP + 100 mg/day
CoQyo
Pain | (p < 0.001), weakness | (p = 0.018)

Fig. 1. Graphical abstract.

Publications

This thesis is based on the following papers, which are referred to in the text

by their Roman numerals
Paper I Vanaga, I., Gubernator, J., Nakurte, I., Kletnieks, U., Muceniece, R.,

Jansone, B. (2020) Identification of Abies sibirica L. Polyprenols
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Molecules 25, 1801. https://doi.org/10.3390/molecules25081801.
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1. THEORETICAL BACKGROUND

1.1. Research problem

Statin-induced myopathy (SIM) represents one of the principal barriers
to lifelong lipid-lowering therapy. Its pathogenesis is increasingly attributed to
collateral inhibition of the mevalonate pathway — a biosynthetic route that feeds
not only cholesterol but also a range of isoprenoids essential for mitochondrial
bioenergetics and N-glycoprotein assembly. Accordingly, the downstream
products polyprenols and coenzyme Q10 constitute the central focus of this
doctoral dissertation.

In contrast to CoQ,, the role of polyprenols in statin-induced muscle
pathology has received comparatively less attention. Given their critical function
as precursors to dolichols and their involvement in glycoprotein biosynthesis,
a reduction in polyprenol levels could contribute to impaired cellular repair and
membrane integrity in muscle tissue. Moreover, the potential antioxidant and
cytoprotective effects of polyprenols suggest that their supplementation might
help counteract the oxidative and metabolic stresses induced by statin therapy
(1], [2].

Notably, the combined therapeutic potential of polyprenols and CoQ,, has not
been investigated. Considering that these compounds operate in complementary
pathways - one primarily safeguarding mitochondrial bioenergetics and
the other ensuring proper protein modification and membrane stability - their
co-administration could potentially offer synergistic benefits in mitigating SIM.

1.2. Hypothesis

Conifer-derived polyprenols, formulated for oral delivery and combined
where appropriate with CoQ,, can alleviate SIM while preserving lipid-lowering
efficacy.

This dissertation addresses the plausibility that exogenous, conifer-derived
polyprenols long-chain isoprenoid alcohols naturally abundant in needles
of Abies sibirica and Picea abies — can be converted in vivo to dolichols
and support N-glycosylation and membrane integrity in skeletal muscle.
The problem is not purely biochemical. Polyprenols are profoundly hydrophobic,
demonstrate minimal aqueous solubility, and historically suffered from poor
oral bioavailability. Accordingly, our research integrates analytical chemistry,
delivery (phosphatidylcholine-rich liposomes), a controlled rat model of SIM,
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and an exploratory clinical study in verified SIM patients to test mechanistic
and translational hypotheses [2], [3], [4], [5], [6], [7].

The thesis contributes: (i) a reproducible analytical fingerprint for conifer
polyprenols anchored by a dominant Pren-15 species (~ 37 % of total), enabling
quality control and dose justification; (ii) an ethanol-injection/co-solubilisation
strategy that reliably produces multilamellar liposomes and overcomes
absorption barriers; (iii) dose-dependent rescue of muscle strength in an
atorvastatin model without behavioural confounds; and (iv) first-in-human
feasibility and tolerability of daily polyprenols 4 mg/day + 100 mg/day CoQ,, in
verified SIM [5], [6], [7], [8].

1.3. Polyprenols: sources, chemical properties, and
biological roles.

Polyprenols are widespread naturally occurring long-chain isoprenoid
alcohols found throughout the plant kingdom, especially abundant in coniferous
trees such as Picea abies (Norway spruce), and various pine species [9], but also
Ginkgo biloba. As can be seen in Fig. 2, they consist of multiple isoprene units,
with chain lengths that can vary significantly depending on the plant source,
typically ranging from 15 to over 100 isoprene units [4], [10]. Polyprenols
exist in various forms, including free alcohols, esters with carboxylic acids, and
phosphates [10].

W T E 5

Fig. 2. Common formula of polyisoprenoid alcohols and their phosphates.

W, x-isoprene unit; T, trans-isoprene unit; C, cisisoprene unit;

S, 2,3-dihydroisoprene unit; a, b, and ¢ means a number of T, C, and S-isoprene
units, respectively; S = 0 (for polyprenols) or 1 (for 2,3-dihydropolyprenols); X, OH
for polyprenols and dihydropolyprenols (dolichols); and X, -O-PO;* for polyprenyl
phosphates and 2,3-dihydropolyprenyl (dolichyl) phosphates. Adapted from (Pronin
et al., 2014) [2]

The structural difference between polyprenols (a-unsaturated) and dolichols
(a-saturated) is significant in their biological functions [11], [12]. Isoprenoids
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are lipophilic, contributing to their ability to integrate into lipid membranes and
affect membrane fluidity [13].

Extraction methods strive to preserve chain integrity and bioactivity.
Supercritical CO, (SC-CO,) yields high-purity, solvent-free material suitable for
pharmaceutical use, though at higher capital cost [9], [14], [15].

Conventional solid-liquid extraction remains scalable but co-extracts
impurities and requires substantial solvent removal [16]. Process-intensified
routes — ultrasound- and microwave-assisted extraction and pressurized liquid
extraction — shorten cycle times and reduce solvent burden but demand careful
control to avoid thermal degradation [17], [18], [19]. Enzyme-assisted extraction
improves selectivity under mild conditions, while ionic-liquid systems offer
tunable solvation at the expense of cost and regulatory maturity [20], [21].
Method choice balances purity, throughput, footprint, and economics, with
SC-CO; preferred when pharmaceutical-grade fractions are needed.

Ginkgo biloba leaves illustrate the co-occurrence of polyprenols with
flavonoids and terpenoids that together confer antioxidant, anti-inflammatory,
neuroprotective, and hepatoprotective effects [2], [22], [23]. Conifer-
derived polyprenols similarly exhibit broad bioactivity: in Pinus massoniana
preparations they enhanced total antioxidative capacity and key enzymes
(SOD, GSH-Px) while lowering MDA, NO, and BACEl-biomarker shifts
aligned with neuroprotection against oxidative and inflammatory insults [24].
Beyond direct antioxidant effects, polyprenols show antibacterial activity and
immunomodulation, including up-regulation of interferons and activation of
innate cells, with antiviral activity reported for phosphate fractions [2], [9], [25],
[26].

In animals and humans, dietary polyprenols enter a tightly regulated
metabolic network centered in the endoplasmic reticulum. They are elongated
by cis-prenyltransferases from IPP (mevalonate pathway), generating species-
specific chain lengths that influence solubility, membrane anchoring, and enzyme
recognition [27]. Polyprenol reductase (encoded by SRD5A3) then saturates
the terminal a-isoprene to produce dolichols, which are phosphorylated to
dolichol phosphate-the indispensable lipid carrier for N-linked glycosylation and
GPI anchor biosynthesis [4], [11], [28], [29]. Disruption of this reduction (e.g.,
SRD5A3 mutations) causes polyprenol accumulation with secondary dolichol
deficiency and congenital disorders of glycosylation, underscoring clinical
relevance [4], [27]. Chain length and saturation modulate interactions with
the glycosylation apparatus and thus the efficiency of downstream glycoprotein
assembly.

The functional portfolio of polyprenols and their phosphate derivatives
spans protein processing (cofactors for N-/O-glycosylation; putative roles in
protein prenylation), lipid-linked sugar transport, antioxidant defense, neuro-
and hepatoprotection, immunomodulation/antiviral action, lipid lowering
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(including synergy with [-sitosterol to limit intestinal sterol absorption),
anti-inflammatory effects via 5-lipoxygenase inhibition and cytokine down-
regulation, and adjunctive oncological activity (apoptosis induction; improved
drug delivery in liposomal form) [2], [22], [25], [26], [30], [31], [32], [33], [34],
[35], [36], [37], [38]. While mechanistic and preclinical data are compelling,
clinical confirmation is strongest for glycosylation support and antioxidant
actions; larger trials are needed for lipid-lowering and immune outcomes.

Delivery science addresses poor aqueous solubility and membrane-centric
targets. Liposomes (the most mature platform) embed polyprenols in bilayers,
protect from oxidation, and allow targeted release; polymeric micelles and
nano-emulsions boost apparent solubility and uptake; PLGA nanoparticles and
SLN/NLC provide oxidative shielding and sustained release; hydrogels support
topical/mucosal delivery; transdermal systems exploit intrinsic lipophilicity; and
next-generation nanogels/dendrimers offer precise size/surface control albeit
with cost and regulatory hurdles [3], [39], [40], [41], [42], [43], [44], [45], [46],
[47]. In the present thesis context, liposomes achieved > 70 % encapsulation and
six-month stability, illustrating feasibility for translational work.

Isoprenoid relevance to muscle biology stems from the dolichol-dependent
glycosylation axis and membrane homeostasis. Dolichol phosphate is essential
for assembling oligosaccharides used to glycosylate structural and signaling
proteins. In skeletal muscle, a-dystroglycan requires proper O-mannose-rich
glycosylation to anchor the sarcolemma to extracellular matrix; defects in
DPM complex, DOLK, or related enzymes cause dystroglycanopathies with
membrane fragility and progressive weakness [4], [31], [48], [49]. Beyond glycan
assembly, dolichols are enriched in plasma membrane and Golgi, tuning bilayer
fluidity and possibly contributing to intrinsic antioxidant defense-features likely
pertinent to mechanically stressed muscle fibers [11], [50].

Perturbing polyprenol/dolichol pools in vitro reproduces myopathic
phenotypes. Statins, by limiting mevalonate flux, depress prenylation and
glycosylation, reduce Akt/mTOR signaling, and trigger apoptosis/ER stress in
myotubes; add-back with mevalonate or geranylgeraniol restores prenylation
(e.g., Rapl), normalizes autophagy markers, and rescues survival [29], [51],
[52]. Genetic depletion of cis-prenyltransferase or polyprenol reductase similarly
impairs myogenesis and glycosylation [53]. In vivo, zebrafish DPM knockdown
causes hypoglycosylated a-dystroglycan, disorganized fibers, and severe
motility defects, highlighting pathway indispensability [31]. Dietary polyprenol
uptake is limited (~ 1 % or less), though liposomal encapsulation modestly
increases tissue delivery; endogenous dolichol pools remain tightly regulated,
complicating attempts to expand them nutritionally [4], [54]. Consequently,
emerging strategies include gene therapy to correct glycosylation enzymes,
pathway-stabilizing pharmacology (e.g., rapamycin in fukutin-deficiency), and
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substrate augmentation (ribitol/CDP-ribitol) to bypass bottlenecks [55], [56],
[57], [58].

Aging muscles accumulate dolichol-possibly an adaptive antioxidant
response. Caloric restriction attenuates this rise and reduces oxidative damage,
consistent with dolichol's membrane-protective role [32], [33], [59]. Although
direct ergogenic evidence for polyprenols is sparse, a randomized trial in trained
athletes reported improved oxygen pulse, lower diastolic pressure, and increased
stroke volume after polyprenol-liposome supplementation, suggesting enhanced
cardiovascular efficiency and stress resilience during exercise [60]. These early
data, together with antioxidant and membrane-stabilizing properties, motivate
further evaluation of polyprenols as adjuncts in conditions of high metabolic
demand or statin-related intolerance.

In sum, plant polyprenols are structurally versatile membrane lipids that
enter human metabolism as dolichol precursors, thereby supporting glycoprotein
biosynthesis and membrane integrity.

Their antioxidant, anti-inflammatory, hepatoneuroprotective, and
lipid-modulating actions-combined with maturing extraction and delivery
technologies-position them as promising agents for neuromuscular and
metabolic indications. Nonetheless, translational progress will depend on
overcoming bioavailability constraints, delineating chain-length-specific biology,
and generating robust clinical evidence, particularly in muscle health and statin-
associated symptomatology.
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2. MATERIALS AND METHODS

2.1. Polyprenol analysis and quantification

Polyprenols from Norway spruce (Picea abies L.) and Siberian fir (Abies
sibirica L.) (purity 80-95 %) were supplied by AS Biolat (Salaspils, Latvia),
extracted per RU Patent No. 2259991 [61], [62]. Abies sibirica polyprenols (PPs)
were structurally characterized and homologues quantified.

External standards included Pren-14 and a P14-P18 polyprenol mixture
(Pinus sylvestris, Batch 08-10 JTC; Code 89-5170; Institute of Biochemistry and
Biophysics, Polish Academy of Sciences). Homologue identity was confirmed by
high-resolution TOF LC/MS (Agilent 6230, ESI+) with MassHunter Qualitative
Analyses B.05.00. Multilamellar liposomes were examined by Nomarski optics
(Nikon Eclipse 90i) and TEM (Tesla BS 540 / JEOL 100) with negative staining.
All LC solvents were HPLC grade.

2.1.1. UHPLC analysis

Abies sibirica extract was fractionated on silica gel column (sample:silica
1:25-1:30) with PE/EA (93:7), ~ 1 drop/s; fractions were monitored by Silufol
TLC. The pooled PP fraction (70-85 % purity; 0.7-0.8 % w/w yield) was a pale-
yellow, low-viscosity oil, insoluble in water/methanol and soluble in hexane,
acetone, and other non-polar solvents.

2.1.2. Sample preparation for UHPLC analysis

Stock solutions were prepared by dissolving 1 mL of PP in 35 %
isopropanol/65 % methanol at room temperature, vortexed 1 min. (2,500 rpm)
and filtered (0.45 um nylon). Calibration standards were prepared separately.
Samples were centrifuged (Mikro 200R) and supernatants injected into
the HPLC-DAD-MS. A P14-P18 reference mix (Pinus sylvestris) aided peak
assignment; HRMS confirmed identities.

2.1.3. Reverse-phase UHPLC analysis

Analyses used an Agilent 1290 Infinity with DAD and an Extend-Cl18
column (2.1 x 50 mm, 1.7 um) at 40 £+ 1 °C; A = 210 nm; 0.5 pL injection. Mobile
phase: A = isopropanol, B = methanol; 0.22 mL/min. Elution: 35 %A/65 %B
(0-1.5 min) > 75 %A/25 %B (1.5-10 min), hold to 25 min > 45 %A/55 %B
(25-30 min) > re-equilibrate 35 %A/65 %B (30-32 min) [8].
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2.1.4. Identification of polyprenols by TOF LC/MS

Source: drying gas 10 L/min at 325 °C; fragmentor 130 V; m/z 100-
2000; internal mass refs m/z 121.050873 and 922.009798 (G1969-85001).
Quantification employed external Pren-14 and the P14-P18 mix. Calibration
used DAD peak area vs mass concentration; triplicate injections (RSD < 2.0 %).
Linearity showed R* = 0.9978 over the working range (p < 0.001; Microsoft
Excel 2013).

2.1.5. Preparation of proliposomal polyprenol solution

Phosal 40 IP and Lipoid P75 (25-75 % soybean phosphatidylcholine; Lipoid
GmbH) were used. 4.7 g Phosal 40 IP was magnetically stirred; 3 g PPs were
added incrementally and mixed to homogeneity (1:1.7 w/w polyprenol:lecithin
in concentrate; used to formulate 1:17 w/w PP:total lipid in final systems as
indicated).

2.1.6. Determination of solubility of polyprenols

PP (100 mg) was mixed with 2 mL ethanol solutions containing 0-25 %
Lipoid P75 at 24 °C, vortexed < 2 min. After 1 h stabilization and centrifugation
(14,000 rpm, 5 min), supernatants were diluted in chloroform and PP content
determined by HPLC. At 15 % lecithin, higher PP load was required to
reach saturation; at 25 %, solutions mixed without observable saturation (not
instrumentally quantified).

2.1.7. Polyprenol incorporation efficiency into liposomes

PPs were mixed with Phosal 40 IP or Lipoid 75 SA across 1:5 to 1:40
(PP:lipid, w/w). Because free PPs are liquid and water-insoluble, a density-
based separation was developed. Briefly, 100 mg mixtures + 900 pL water were
vortexed to form MLV suspensions. Aliquots (100 uL) were combined with
900 uL 200 mM sucrose and centrifuged (14,000 rpm, 10 min) to float free PP
droplets. The upper oily phase was removed; the supernatant (liposomes) was
assayed for phospholipids (modified Stewart) and PPs (HPLC). Incorporation
efficiency was calculated vs non-centrifuged input.

2.1.8. The HPLC determination of polyprenols in liposomes

Samples were dissolved in isopropanol (1:10) and diluted in chloroform.
Chromatography: Waters 660 pump, Nova-Pak® Silica (150 x 3.9 mm, 5 pum);
mobile phase chloroform or chloroform:hexane (90:10) at 1 mL/min; detection
at 335 nm (Waters 996 DAD).
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2.1.9. Preparation for microscopy

For light/TEM imaging, proliposomal mass with PPs was hydrated to 5 %
lipid and vortexed. Staining on Formvar grids used: Method A (mix 1:1 with 2 %
ammonium molybdate; dry; positive staining) and Method B (dry specimen,
then apply 2 % ammonium molybdate; blot; negative staining).

2.1.10. Size distribution of liposomes containing
polyprenols

Diluted PP-loaded liposomes were measured at 25 °C with Zetasizer Nano
ZS (Malvern) to obtain volume-weighted mean diameter and PDL

2.2. In vivo animal experiments

2.2.1. Substances used for in vivo animal experiments

Spruce needle polyprenols (C55-C95; 1, 10, 20, 50 mg/kg; JSC Biolat)
and atorvastatin 80 mg/kg (Atoris, KRKA) were administered once daily p.o.
Polyprenols were dissolved in refined sunflower oil; atorvastatin in saline.
Accutrend GCT strips (Roche) and a creatine kinase assay kit (MAK116, Sigma-
Aldrich) were used; other reagents were from Sigma-Aldrich.

2.2.2. Experimental animals

Female Wistar rats (230-245 g; Riga Stradins University) were housed 5
per cage with chow/water ad libitum, 22 °C, 50-60 % humidity, 12-h light/
dark. Females were selected given higher SIM risk (Sathasivam & Lecky, 2008).
Testing occurred 09:00-15:00.

2.2.3. Ethics of experimental animals

All procedures complied with EU Directive 2010/63/EU and local
regulations; protocol approved by the Animal Ethics Committee, Food and
Veterinary Service, Riga (PVD No. 59).

2.2.4. Experimental design

After < 7-day acclimatization, rats (n = 9-10 per group) received daily oral
dosing for 16 days (atorvastatin/saline in the morning; PPs/oil in the afternoon).
Body weight was tracked on day 1 and every 2 days. Two setups were used
(Fig. 3):

Setup 1: PPs (1, 10, 20 mg/kg), atorvastatin (80 mg/kg), alone and combined;
controls received saline (10 mL/kg) and oil (2 mL/kg). Behavioral tests (wire
hang, open field, grip strength, rotarod) ran 09:00-15:00 with > 2 h intervals.

Setup 2: As above, focusing on PP 20 mg/kg (alone/combined).
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Additional sequence: tail-flick (day 8; 2.5 h post-atorvastatin and 16.5 h
post-PP) and passive avoidance (days 13-15), with adaptation, acquisition
(shock on entry to dark), and retention trials; re-test occurred 2 days after last
dosing.

Setup 1 T

1) Rotarod test
2) Wire hang test

Grip |
Rotarod strength 1) Open field test
training training 2) Grip strength test
\Day -1 Day 1 Day 8 Day 13 Day 15 Day 16 Day 17
| | \ TS
. N Biochemical
Drug administration )
T I ] tests
Determination Tail-flick test L Passive avoidance |
of basic pain fest
threshold

Setup 2
Fig. 3. Experimental setups

On day 17, animals were anesthetized (ketamine 100 mg/kg; xylazine
10 mg/kg) for cardiac puncture and blood collection (cholesterol, CK).

2.2.5. In vivo behavioural methods

o Open field (day 15): 98-cm circular arena, 40-cm walls; illumination at
100 cm. Locomotion (total distance, cm) was video-tracked (Panlab Smart
v2.5).

o  Passive avoidance: Ugo Basile step-through apparatus. Acquisition: 0.5 mA,
2 s foot-shock upon entry to dark; retention 24 h later (no shock). Step-
through latencies (max 240 s) were recorded and differences computed.

o Tail flick (day 8): Analgesy-Meter LE7106; radiant heat to tail; baseline
2.5-4.5 s; 10 s cut-off; %WMPE = [(post-drug — pre-drug)/(10 s — pre-
drug)] x 100; duplicate trials 5 min apart.

o Wire hang (day 16): 90 cm, 3 mm wire at 60 cm height; latency to fall (max
120 s) recorded across three trials (3-min rests); best value analyzed.

o Grip strength: Ugo Basile 47105; six training trials (day 8); testing (day 15).
Mean of five pulls (30-s rests), expressed in grams.

« Rotarod (day 16): Ugo Basile 47700; pre-training (five trials). Test: 4 > 40
rpm over 5 min; four trials (1-h intervals). Latency to fall and speed
recorded; mean reported.
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2.2.6. Biochemical analysis

o Cholesterol: Accutrend GCT (mmol/L).

o Creatine kinase: Heparinized plasma, centrifuged (3,000 rpm, 10 min),
stored at —80 °C; assayed per MAK116 (37 °C; A340 nm; INFINITE M200
PRO). One unit = 1 pmol phosphate transferred from phosphocreatine to
ADP per min at pH 6. Results in U/L.

2.2.7. Statistics

Data were summarized as mean + SEM. Group differences used one-
way ANOVA with Fisher’s LSD (GraphPad Prism 6); significance at p < 0.05.
Microsoft Excel 2007 supported data handling.

2.3. Pilot study of safety and efficacy of polyprenols

2.3.1. Design and patients

Open-label, single-center prospective pilot at the Latvian Center of
Cardiology: 50 patients screened (June 2014-July 2015) for suspected SIM;
12 enrolled, 10 completed. Ethics approval: P. Stradins Clinical University
Hospital (protocol 160414-3L).

The inclusion criteria (all required): current statin use > 4 weeks; at least
one muscle symptom > 2 weeks (pain, weakness, cramps) or CK > 2x UNL
but < 10 x UNL; no indication to reduce dose; likely to continue the same
statin/dose for 2 months; written informed consent.

Key exclusion criteria (summary): CK > 10 x UNL; pre-existing muscle
symptoms; recent MI/major surgery/trauma; planned near-term surgery;
interacting drugs (fibrates, niacin, red-yeast rice, macrolides, azoles, HIV
protease inhibitors, cyclosporine), grapefruit juice; significant hepatic/renal
dysfunction; endocrine or neuromuscular disorders requiring dose changes;
poor adherence; high alcohol intake; heavy/competitive exercise; pregnancy;
allergy to study supplements. Full list per protocol.

Intervention: conifer PPs 4 mg/day + CoQ,, 100 mg/day for 8 weeks using
Latvian-registered supplements: “Poliprenols®” (1 mg PP per capsule; 2 capsules
nightly) and “Kardiopren®” (2 mg PP + 100 mg CoQ, per capsule; 1 capsule
morning). Doses were separated by ~ 12 h, taken fasting with ~ % glass water.

2.3.2. Data collection

o Visits: VO screening; V1 inclusion (< 7 days after V0); V2 week 4 (+7 days);
V3 week 8 (7 days).
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o Laboratory (V0): CBC, CK, total/LDL/HDL cholesterol, triglycerides,
ALAT/ASAT, direct/indirect bilirubin, glucose, creatinine, GFR, potassium,
TSH, FT4, FT3.

o Baseline and week 8 endpoints:

o Subjective symptoms: pain/weakness/cramps (0-10 VAS); distribution;
relation to exertion; weekly physical activity categorized by METs (< 3,
3-6, > 6).

o Dynamometry: Baseline® handgrip (3 trials/arm; dominant hand noted).

o Exercise ECG (cycle ergometry): workload (W), HR (baseline/max), total
ST-depression (mm), time to 1 mm ST-depression (s), HR/ST index.

+  Electroneuromyography: motor (median/ulnar/tibial/peroneal) and sensory
(median/radial/sural) neurography (latency, amplitude, velocity); if normal,
EMG of six muscles (two distal, four proximal): mean MUAP amplitude/
duration, out-of-range counts, myopathic phenomena (fibrillation/PSWs/
polyphasia), interference pattern and recruitment; classification: nerve
damage/normal/myopathy/pronounced myopathy.

o Additional (V1): ECG; glucose, GGT, alkaline phosphatase, hs-CRP,
25-OH-vitamin D.

o Week 4 (V2): repeat symptoms, physical activity, cycle ergometry, key labs;
unused supplements returned.

2.3.3. Statistical analysis

Analyses used IBM SPSS v22.0. Quantitative data are mean + SD (or median
[IQR] for non-normal). Categorical data are n ( %). Between-group comparisons
employed independent-samples t-test, Mann-Whitney U, x* or Fisher’s exact
as appropriate. Repeated measures ANOVA assessed within-subject change; if
Mauchly’s sphericity was violated, Greenhouse-Geisser correction was applied
with Sidak adjustments for pairwise contrasts. Non-normal repeated measures
used Friedman’s test; binary repeated outcomes used Cochran’s Q. Significance
was set at p < 0.05.
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3.1. Results of polyprenol analysis and quantification

3. RESULTS

3.1.1. The identification of Siberian fir (Abies sibirica L.)
polyprenol homologues

UHPLC-DAD coupled with HRMS confirmed ten polyprenol peaks in
Abies sibirica extract (Fig. 4). Homologues P14-P17 were validated by [M+Na]*
exact masses with ppm-level agreement to calculated values (P14 993.8779; P15
1061.9372; P16 1130.0017; P17 1198.0650). Relative composition (Table 1) was
dominated by P15 (37.23 + 0.56 %), followed by P16 (29.11 + 0.51 %), P14
(15.26 + 0.78 %), P17 (11.31 + 0.01 %); minor amounts of P13, P18-P20 and
lower (C55, C60) were present.

Table 1. Identification and quantification of the separated polyprenol homologues
from Siberian fir (Abies sibirica L.)

Polyprenol l\/zolecular tg, min alﬁf)ljltlit‘:e% . M(?de of (M+Na)*
ormula | (UHPLC-DAD) Abies sibirica L. identification | (HRMS)
11 Cs:H,yO 4.86 0.06+0.01 Standard
12 CgHosO 5.88 0.26+0.04 Standard
P13 CesHi060 7.16 2.05+0.04 Standard
P14 C,oH,,,0 8.78 15.26+0.78 | Standard/HRMS| 993.8779
P15 Cy:H,,0 10.81 37.23+0.56 | Standard/HRMS | 1061.9372
P16 CyoH,500 13.25 29.11+0.51 | Standard/HRMS | 1130.0017
P17 CysH,,0 14.86 11.31+0.01 | Standard/HRMS | 1198.0650
P18 CyoH,,cO 15.98 3.36+0.06 Standard
P19 CysHy5,0 16.86 1.01+0.04 Standard
P20 Ci00H16,0 17.59 0.31+0.11 Standard

72




2000
1800
1600
1400

P17

Absorbtion
-
g

400 P18

P19
F20

0 1 2 3 4 5 6 7 B8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Fatention time, min

Fig. 4. UHPLC-DAD chromatogram of extracted polyprenols from Siberian fir
(Abies sibirica L.).

3.1.2. Solubility in ethanol/lecithin systems and incorporation

efficiency

A co-solubilisation/modified ethanol-injection approach was established.
Polyprenol solubility in 96 % ethanol increased monotonically with soy
phosphatidylcholine content, reaching practical miscibility for 80 % polyprenols
at 25 % Lipoid P75 at 24 °C (Fig. 5). For lecithin dissolution in ethanol, 240 %
phosphatidylcholine in the raw material was required; stable liposomes formed
when phospholipid:polyprenol exceeded ~ 1:15. Incorporation efficiency
into Phosal 40 IP or 75 SA liposomes displayed a negative correlation with
the dissolved PP ratio; maximal incorporation occurred at PP:Phosal 1:40
(w/w) for both systems (Fig. 6). At lower phospholipid content, formulations
separated into PP emulsions plus phospholipid liposomes rather than PP-loaded
liposomes; macroscopic appearance and lamellarity outcomes are summarized
in Table 2 (stable systems were multilamellar or oligo/uni-lamellar depending
on composition).
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Fig. 5. Influence of the lecithin (Lipoid P75) concentration in ethanol on
the solubility of Abies sibirica L. spruce polyprenols.
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Fig. 6. Influence of the polyprenol/lecithin (Phosal IP40 and Phosal 75SA) ratio on
the Abies sibirica L. spruce polyprenol incorporation efficiency into liposomes.
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Table 2. Liposomal polyprenol sample compositions and appearance.

Lq?ou.i/ Ethanol | Polyprenol | Water Appearance | - Stability Liposome
lecithin of after one
amount | amount | amount structure
amount the sample | month
Lipoid e .
P45/150 mg 50 mg 30 mg | up to 5g | Semiliquid | Not stable | Oligolamellar
Lipoid e .
P45/150 mg 50 mg 30 mg | up to 5g | Semiliquid | Not stable | Oligolamellar
Lipoid e .
P75/105 mg 50 mg 30 mg | up to 5g | Semiliquid | Not stable | Oligolamellar
Lipoid e .
P75/150 mg 50 mg 30 mg | up to 5g | Semiliquid | Not stable | Oligolamellar
Lipoid
Phosal 40 0 mg 30 mg | up to 5g Liquid Stable | Multilamellar
1P/1000 mg
Lipoid S .
P45/500 mg 150 mg 30 mg | up to 5¢ | Semiliquid Stable Oligolamellar
Lipoid Dense jelly Uni/
P45/1000 mg 200 mg 30mg | uptoSg past Stable Oligolamellar

3.1.3. Morphological observations of polyprenol-loaded

liposomes

TEM with positive (phospholipid-layer highlighting) and negative staining
demonstrated nearly spherical, multilamellar vesicles (“onion-like” lamellae) at
a 1:17 (w/w) PP:lecithin ratio (Fig. 7a-b). Light microscopy showed a uniformly
turbid suspension without phase separation (Fig. 7c). Dynamic light scattering
yielded a trimodal, volume-weighted distribution (Fig. 8): a dominant ~ 1.36 um
population (~ 90 % of volume) with minor sub-micron modes at ~ 307 nm
and ~ 62 nm (~ 5 % each); >5 pm particles were rare. Collectively, the ethanol-
injection/co-solubilisation protocol produced well-defined, high-load MLVs
suitable for nutraceutical delivery.

©

Fig. 7. Images of polyprenol/Phosal 40 IP liposomes (1:17 w/w) by TEM (a) positive
staining; (b) negative staining; and (c) light microscope.
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Fig. 8. Size distribution of polyprenol/Phosal 40 IP liposomes (1:17 w/w).

3.2. Spruce needle polyprenol studies in rats

3.2.1. Muscle strength/tone and coordination

Wire hang (day 16): PP 1 or 10 mg/kg had no effect; PP 20 mg/kg doubled
hanging time vs control. Atorvastatin (AT) 80 mg/kg reduced hanging time
~ 3-fold; co-administration of PP at all doses restored performance to control
levels (Fig. 95 ANOVA with Fisher’s LSD: p < 0.05 to **p < 0.001 vs control;
#p <0.05to ## p < 0.01 vs AT).

Grip strength (day 15): PP alone (1-20 mg/kg) did not alter grip vs control;
AT 80 mg/kg decreased grip strength; PP 20 mg/kg + AT reversed this decrease
to control (Fig. 10; ** p < 0.01 vs control; # p < 0.05 vs AT).

Rotarod: No significant effects for PP (all doses), AT, or their combinations
(data not shown).
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Fig. 9. Muscle strength in wire hang test in rats.
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Fig. 10. Muscle strength in the grip strength test in rats.

3.2.2. General locomotor activity

Open-field total distance was unchanged by PP (1-20 mg/kg), AT 80 mg/kg,
or co-administration (Fig. 11).
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Fig. 11. Locomotor activity in the open field test in rats.

3.2.3. Learning/memory
Passive avoidance showed no differences among PP 20 mg/kg, AT 80 mg/
kg, combined treatment, and controls (Fig. 12).
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Fig. 12. Influence on memory in passive avoidance response test in rats.

3.2.4. Analgesic activity

Tail-flick % MPE was unaffected by PP 20 mg/kg; AT 80 mg/kg
increased %MPE vs control; PP+AT did not modify AT’s analgesic effect
(Fig. 13; p < 0.05 vs control).
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Fig. 13. Analgesic activity in tail flick test in rats.
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3.2.5. Plasma cholesterol and creatine kinase (CK)

Total cholesterol did not differ among groups (not shown). PP 20 mg/kg
increased plasma CK by ~ 25 % vs control (** p < 0.01; Fig. 14), whereas AT
80 mg/kg and PP+AT CK values were comparable to control.
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Fig. 14. Creatine kinase (CK) activity in rat plasma (units/l).

3.3. Safety and efficacy of polyprenols (pilot study)

3.3.1. Baseline characteristics

Fourteen patients were enrolled; 11 completed per protocol (Fig. 15).
Groups (per protocol vs excluded, n = 3) were similar at baseline (Table 3),
except lower alkaline phosphatase in excluded patients (p = 0.015). Most
had established ASCVD. Statin regimens spanned atorvastatin 20-40 mg and
rosuvastatin 5-40 mg (Table 4); mean duration at current dose ~ 10 months.
Muscle symptoms at inclusion were frequent (pain 93 %, weakness 57 %, cramps
43 %); only 29 % had LDL-C < 1.8 mmol/L.
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Fig. 15. Study flow diagram.

Table 3. Baseline characteristics of the study patients.

Characteristics

Per protocol group

Excluded (n = 3)

(n=11)
Female gender (n, %) 5 (45.5 %) 2 (66,7 %)
Age, years (mean, SD) 67.73 + 8.59 55.00 + 18.19
History of coronary heart disease 11 (100 %) 3 (100 %)
Myocardial infarction 6 (54.5 %) 1(33.3 %)
PCI 8 (72.7 %) 2 (66.7 %)
CABG 1 (9.1 %) 1(33.3 %)
Peripheral artery disease 2 (18.2 %) 0
Blood biochemistry (mean, SD) Per pl;(l)lt(;c;)i)group Excluded (n = 3)
Total cholesterol, mmol/l 445+ 1.24 4.30 £ 0.78
Triglycerides, mmol/l 2.25 +1.39 1.56 + 0.75
HDL-cholesterol, mmol/l 1.33 + 0.27 1.09 + 0.24
LDL-cholesterol, mmol/l 2.25 +0.95 2.76 + 0.83
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Table 3. Continue

Characteristics Per pr(:)lt(;c;)i )group Excluded (n = 3)
Glucose, mmol/l 5.43 +0.77 5.53 + 1.06
Creatine kinase (CK), U/l 240.09+303.08 236.00 + 204.21
CK >ULR (n, %) 2 (18.2 %) 1(33.3 %)
ALAT, U/l 29.82 £ 11.69 32.22 £ 6.11
ASAT, U/l 34.27 + 14.00 25.33 £5.69
GGT, U/l 65.82 + 74.83 22.33 + 8.96
AP, U/l 89.91 + 15.16 64.33 £ 3.21*
Conjugated bilirubin, pmol /1 3.85+1.55 2.97 £0.91
Unconjugated bilirubin pmol /1 7.28 +2.37 5.20 £1.06
Creatinine, umol /1 73.18 + 17.93 95.33 +30.29
GFR ml/min 96.30 + 25.61 97.67 + 73.24
Potassium, mmol/l 4.60 + 0.74 4.50 + 0.26
TSH, mU/1 1.57 + 1.25 2.37 + 1.59
25-OH-Vitamin D, ng/l 24.17 £ 6.71 23.69 + 5.06
CRP mg/] (medium, IQR) 1.17 (0.97-2.47) 1.07 (-)
Other cardiovascular risk factors Per Pla)ltzcﬂ )group Excluded (n = 3)
Smoking (n, %) 1 (9,09 %) 0 (0 %)
Hypertension (n, %) 8 (72.73 %) 2 (66.66 %)
Diabetes (n, %) 2 (18.18 %) 0 (0 %)
Body mass index, kg/m2 (mean 27.96 + 2.13 2938 + 5.53
SD)
Alcohol units per week (mean SD) 2.18 £ 1.54 1.67 £ 1.16
Physical activities, h per week (mean, SD)
Mild 33.27 £12.56 28.00 £ 12.12
Moderate 7.27 + 8.46 833 +5.13
Intensive 1.18 + 3.06 0

PCI - percutaneous coronary intervention, CABG - coronary artery bypass graft surgery,
ULR - upper limit of reference range, SD - standard deviation, IQR - interquartile range, LDL -
low density lipoprotein, HDL - high density lipoprotein, ALAT - alanine amino transferase,
ASAT - aspartate amino transferase, GFR - glomerular filtration rate, GGT - gamma-glutamyl
transpeptidase, AP - alcaline phosphatase, CRP - high sensitivity C-reactive protein, TSH -

thyroid stimulating hormone
* p = 0.015, all other p > 0.05.
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Table 4. Statin therapy and muscle symptoms at the inclusion.

St herapy Gl | Perprotecol | Encuded
Atorvastatin 20 mg (n) 2 (14.29 %) 1 (9.09 %) 1(33.33 %)
Atorvastatin 30 mg (n) 1(7.14 %) 1 (9.09 %) -
Atorvastatin 40 mg (n) 1(7.14 %) 1 (9.09 %) -
Rosuvastatin 5 mg (n) 2 (14.29 %) 1 (9.09 %) 1(33.33 %)
Rosuvastatin 10 mg (n) 3 (21.43 %) 3 (27.27 %) -
Rosuvastatin 20 mg (n) 4 (28.57 %) 3 (27.27 %) 1(33.33 %)
Rosuvastatin 40 mg (n) 1(7.14 %) 1 (9.09 %) -

Muscle symptoms and signs (nT(z)t?L) Pe(rnp iolttl))col szlfl:c;e)d
Pain (n, %) 13 (92.86 %) 10 (90.90 %) 3 (100 %)
Pain at rest (n, %) 11 (78.57 %) 9 (81.82 %) 2 (66.67 %)
Pain severity score (mean, SD)* 5.69 + 1.84 6.00 + 1.70 4.67 + 231
Weakness (n, %) 8 (57.14 %) 7 (63.64 %) 1 (33.33 %)
Weakness severity score (mean, SD) 6.00 + 1.51 6.14 + 1.57 5.00
Cramps (n, %) 6 (42.86 %) 5 (45.46 %) 1(33.33 %)
Cramps severity score 5.33 £2.58 6.00 + 2.34 2.00
Elevated CK levels > ULR 577.00+£342.46 614.00£409.51 466.00+0

* Symptom severity score based on subjective symptom assessment by a patient (range 0 to 10).
The score is calculated only for the patients with presence of the symptom.

CK - creatine kinase, ULR - upper limit of reference range, SD - standard deviation

3.3.2. Safety

No major adverse events occurred in the per-protocol cohort over 8 weeks;
one elective PCI was uneventful. Across repeated measures (Table 5), there were
no significant changes in clinical chemistry, hematology, or ECG parameters,
except a mild triglyceride reduction (p = 0.023). CK medians trended higher at
weeks 4 and 8 but were not significantly different from baseline (Sidak-adjusted
p > 0.7); the proportion with CK > ULR did not change significantly (p = 0.223).

One 65-year-old female was withdrawn at week 4 for asymptomatic
transaminase elevation (ALAT 473 U/L; ASAT 189 U/L; GGT 282 U/L) with
normal bilirubin and CK (Table 6). Viral hepatitis and structural hepatobiliary
disease were excluded; values normalized within 7 days off products. Background
factors included CKD (GFR 50 mL/min), subclinical hypothyroidism, and low
25-OH-vitamin D; renal function did not worsen. Her concurrent atorvastatin
20 mg (initiated 7 weeks pre-enrolment) was also discontinued.
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Table 5. Safety parametrs.

Parameters (mean, SD) Baseline 4 weeks 8 weeks p value *
Total cholesterol, mmol/l 4.45 (1.24) 4.05 (0.62) 4.23 (0.57) 0.259
Triglycerides, mmol/l 2.25 (1.39) 1.72 (1.16) 1.87 (0.95) 0.023
HDL-cholesterol, mmol/l 1.33 (0.27) 1.32 (0.27) 1.37 (0.23) 0.844
LDL-cholesterol, mmol/l 2.25 (0.95) 1.99 (0.54) 2.02 (0.58) 0.305
Glucose, mmol/l 5.34 (0.77) 5.35 (0.77) 5.46 (0.67) 0.810
Creatine kinase, U/l ** 107 (85-275) 176 (97-214) 178 (92-216) 0.231 ***
ALAT, U/l 29.82 (11.69) 29.36 (8.87) 31.27 (12.91) 0.796
ASAT, U/1 34.27 (13.99) 32.64 (11.29) 35.36 (19.03) 0.648
GGT, U/l 65.81 (74.83) 58.18 (61.60) 46.18 (38.36) 0.286
AP, U/1 89.91 (15.16) 86.64 (19.72) 82.00 (13.52) 0.338
Conjugated bilirubin, | 5 oo 55 403 (1.45) 3.54 (1.31) 0.538
pmol/l
Unconjugated bilirubin, | )¢, 57y 7.48 (2.22) 6.98 (2.28) 0.624
pmol/l
Creatinine, umol/l 73.18 (17.93) 71.64 (19.97) 73.00 (22.62) 0.292
GFR, ml/min 96.30 (25.61) 100.70 (30.35) 98.30 (28.90) 0.275
Potassium, ml/min 4.59 (0.74) 4.84 (0.72) 4.49 (0.28) 0.333
TSH, mU/l (n = 10) 1.57 (1.25) - 2.07 (1.44) 0.059
25-OH-Vitamin D, ng/l | 1 6 71 - 23.48 (8.27) 0.571
(n=10)
CRP, mg/1 ** 1.17 (0.97-2.47) | 1.53 (0.99-3.61) | 1.86 (0.83-4.70) | 0.477 ****
Haematology Baseline 4 weeks 8 weeks p value *
Red blood cells, 4.86 (0.20) 4.79 (0.36) 4.79 (0.36) 0.599
10 x 12/L
White blood cells, 10x9/L | 11.03 (12.10) 7.65 (2.47) 7.50 (1.92) 0.390
Platelets, 10 x 9/L 248.91 (37.70) | 261.55 (34.45) 244.55 (37.32) 0.110
Haemoglobin, g/L 14427 (8.84) | 140.55 (11.64) | 140.91 (13.19) 0.235
Electrocardiography Baseline 4 weeks 8 weeks p value *
Sinus rhythm (n, %) 9 (81.8 %) 9 (81.8 %) 9 (81.8 %) 1000
Heart rate (bpm) 71.91 (14.87) 63.18 (9.05) 67.64 (8.42) 0.097
PR (ms) (n = 9) ¥ 169.89 (30.23) | 175.78 (36.49) 174.67 (30.97) 0.516
QRS (ms) 106.27 (24.46) | 107.27 (24.73) | 10655 (23.24) | 0.779
QT (ms) 407.27 (41.69) | 427.45 (33.36) 412.00 (29.85) 0.125
QTc (ms) 382.82 (43.52) | 394.27 (34.04) | 371.64 (25.874) 0.217

* Repeated measures ANOVA; ** median and interquartile range; *** Friedman’s test; **** median
and interquartile range, comparisons performed with logarithmically transformed values; ***** in

patients with sinus rhythm (n

=9).

SD - standard deviation, LDL - low density lipoprotein, HDL - high density lipoprotein, ALAT -
alanine amino transferase, ASAT - aspartate amino transferase, GFR - glomerular filtration

rate, GGT - gamma-glutamyl transpeptidase, AP - alcaline phosphatase, CRP - high sensitivity
C-reactive protein, TSH - thyroid stimulating hormone, PR - PR interval, QRS - QRS complex,

QT - QT interval, QTc - corrected QT interval
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Table 6. Summary of the patient case with liver enzyme elevations.

Blood biochemistry | Baseline | 4 weeks | + 1 day FU |+ 7 FU days | Reference limits
ALAT 31.00 473 313 62 < 41U/
ASAT 27.00 189 82 34 < 37U/
GGT 28.00 282 250 154 < 61 U/
AP 62.00 151 134 90 < 117 U/
Total bilirubin 6.00 5.60 - 6.20 < 19 umol/l
Csirllijr“ug;tgd 2.00 1.70 . - < 3.4 pmol/l
Ungg;{?g:ed 4,00 3.90 - - ~ pmol/l
CK 166 191 - - 190 U/1
Creatinine 130.00 113 - - 30-106 pmol/l
GFR 50 58 - - > 90 ml/min
Potassium 4.70 4.90 - - 3.50-5.30 mmol/l
25-OH-vitamine D 21.81 - - - 30-100 ng/ml
CRP 1.60 2.49 = - < 1.0 mg/l

FU - follow-up, ALAT - alanine amino transferase, ASAT - aspartate amino transferase,
GGT - gamma-glutamyl transpeptidase, AP — alcaline phosphatase, CK - creatine kinase, GFR —
glomerular filtration rate, CRP - high sensitivity C-reactive protein

3.3.3. Muscle symptoms

Self-reported scores improved over 8 weeks: pain (n = 10) decreased
significantly overall (p < 0.001) with improvements at week 4 and 8 vs
baseline (p = 0.010, p = 0.001) and a non-significant week-8 vs week-4 change
(p = 0.070); weakness (n = 7) improved (p = 0.018). Cramps (n = 5) showed
a non-significant overall trend (p = 0.069) but improved at week 8 vs baseline
(adjusted p = 0.012) (Fig. 16). Response distribution: pain resolved in 2/10
(20 %) and fell =50 % in 4/10 (40 %); weakness resolved in 3/7 (42 %); cramps
resolved in 2/5 (40 %) and decreased =50 % in 2/5 (40 %). Only 2/11 patients
reported no improvement in any symptom. By study end, 4/10 (40 %) judged
symptoms sufficiently improved to consider statin up-titration (1/10 at week 4).
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Fig. 16. Self-reported muscle symptom scores during the study period. P values
represent statistical significance across all repeated measurements.

3.3.4. Dynamometry, exercise test and physical activities

Handgrip was largely unchanged; a small increase was seen for left-arm
maximum at 8 weeks (p = 0.047), with other dynamometry endpoints non-
significant (Table 7). Cycle-ergometry indices (workload, HR, blood pressure,
ST-depression, HR/ST index) were unchanged. Self-reported mild physical
activity (hours/week) increased over time (baseline 33.3 + 12.6 > 35.8 * 16.2
at week 4 > 39.6 + 18.9 at week 8; p = 0.008; Fig. 17).

Table 7. Physical tests (n = 11).

Dynamometry Baseline 4 weeks 8 weeks p value
Right arm, maximum (kg) 39.73 (20.80) | 38.36 (20.09) | 40.36 (22.77) 0.425
Right arm, average (kg) 35.94 (20.21) |35.88 (18.94) | 36.09 (20.03) 0.985
Left arm, maximum (kg) 35.18 (20.83) | 36.45 (20.97) | 39.36 (18.60) 0.047
Left arm, average (kg) 33.09 (20.31) |34.73 (20.17) | 36.91 (18.09) 0.102
Exercise test Baseline 4 weeks 8 weeks p value
Load (watts) 106.82 (37.23) - 100.00 (29.58) | 0.192
Peak pulse (bpm) 107.36 (18.05) - 108.73 (15.14) | 0.728
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Table 7. Comtinue

Exercise test Baseline 4 weeks 8 weeks p value
Peak SBP (mmHg) 172.18 (17.53) - 160.00 (23.18) | 0.087
Peak DBP (mmHg) 89.82 (6.13) - 94.73 (17.60) 0.443
ST depressions (mm) 2.23 (1.77) - 1.96 (1.10) 0.433
Heart rate / ST index (bpm/mm) | 1.00 (1.02) - 1.24 (1.03) 0.609

SBP - systolic blood pressure, DBP - diastolic blood pressure

45

40 p=0.008
35 -

30 e=gm=] 0w (<3 METS)
25 el \oderate (3-6 METs)

20 el [ntensive (>6METSs)
15

10
5

Hours per week

p=0.050

p=0.197 —

Baseline Week 4 Week 8

Fig. 17. Self-reported physical activities in hours per week (n = 11).

Analytical work identified a P15-rich Abies sibirica polyprenol profile and
established an ethanol-lecithin co-solubilisation route yielding stable, high-load
multilamellar liposomes. In rats, PP 20 mg/kg improved wire-hang performance
and rescued atorvastatin-induced declines in muscle strength without affecting
locomotion, memory, or rotarod performance; PP alone increased CK modestly,
while atorvastatin and co-treatment did not. In a small, open-label clinical cohort,
8-week PP + CoQ,, supplementation was generally safe, produced significant
improvements in self-reported muscle pain and weakness, and increased low-
intensity physical activity, with unchanged objective exercise capacity. One
reversible transaminase elevation prompted discontinuation. These results
support further controlled evaluation of conifer-derived polyprenols (with
optimized delivery) as adjuncts for statin-associated muscle symptoms.
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4. DISCUSSION

Conifer polyprenols-long-chain isoprenoid alcohols abundant in Pinus and
Picea-support membrane integrity, glycosylation, and lipid metabolism. Statins
reduce mevalonate-derived intermediates (CoQ,, dolichols, prenyl donors),
predisposing to statin-induced myopathy (SIM). Given evidence for antioxidant
and anti-inflammatory actions of polyprenols-and their potential to restore
dolichol-linked pathways-this work examined analytical characterization,
liposomal delivery, preclinical efficacy, and an exploratory clinical application,
with and without CoQ,,,.

This discussion provides an overview and analyzes the principal findings
from the three peer-reviewed studies that underpin this doctoral thesis:

Table 8. Doctoral thesis publications.

con{l;?:en " Principal results Interpretation Paper
UHPLC-DAD-HRMS resolved ten Provides
homologues (Pren-11 > Pren-20) a reproducible
with Pren-15 most abundant hemi pl 6 int
Polyprenol (= 37 %) and batch-to-batch chemical ingerprin
analytics CV <3 %. neci:ssary ford Paper 1
and 25 % phosphatidylcholine in ethanol G;jﬁu ?lzzc?tlion . t(a\;an;(ﬁo)
Liposomal | enabled full co-solubilisation of 80 % Overgomes oor ' [’ 5]
delivery polyprenol extract; multilamellar aqueous solubpilit B
vesicles (peak diameter = 1.36 pum) aqhistoric hur dleyto
remained physically stable . .
> 6 months. clinical translation.
Spruce polyprenols
Rat (10-20 mg/kg/day, p.o.) prevented Confirms muscle- Paper II
preclinical atorvastatin-induced falls in specific protection (Jansone
SIM model wire-hang and grip strength without and safety at et al., 2016)
altering plasma cholesterol or CNS effective doses. [6]
behaviour.
11 SIM patients given polyprenols
4 mg/day + CoQyo 100 mg/day for Provides first-in-
8 weeks showed significant pain and human results Paper I1I
Patient SIM weakness score reductions of efficacy (Latkovskis
pilotstudy (P <0.001 and P = 0.018) with and confirms et al., 2016)
no serious AEs; CK rose non- compatibility with [7]
significantly and lipid targets were statin therapy.
maintained.
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By integrating these data with prior literature, we outline how polyprenols —
alone and alongside CoQ,, - can address gaps in SIM prevention and
management.

4.1. Biochemical characterization of conifer polyprenols
(paper 1)

UHPLC-DAD-HRMS defined a Siberian-fir profile of Pren-11 > Pren-20
with Pren-15 most abundant (~ 37 %); Pren-15 + Pren-16 comprised > 65 %
of total [63]. This clarity (= 80 % purity extract) enabled standardization,
dose accuracy, and mechanistic inference, recognizing chain-length effects on
membrane affinity and conversion to dolichol.

4.2. Formulation strategies for lipophilic polyprenols
(paper 1)

PPs are water-insoluble; phospholipid carriers were therefore explored.
Stable systems required > 40 % phosphatidylcholine and lipid:PP >15:1 (w/w);
optimal incorporation at 1:40 PP:phospholipid (Phosal 40 IP/75 SA; Lipoid P45).
These conditions minimized precipitation and supported uniform entrapment.

4.3. Development of a liposomal polyprenol delivery system
(paper 1)

Co-solubilisation with modified ethanol-injection yielded multilamellar
vesicles (MLVs) peaking ~ 1.36 pm with sub-micron modes. The oral-oriented
design favors gastric transit and potential lymphatic uptake [64], while protecting
PPs from oxidation/aggregation. This practical platform underpinned human
studies and informed supplement development (e.g., SuperCell"HEPA) [65].

4.4. Future directions of polyprenol liposome optimization

Microfluidic ethanol-injection to narrow size distribution; PEGylation
for mucus penetration; labelled PPs to track uptake in Caco-2 and in situ
intestinal loops; and comparisons with nano-emulsions, micelles, and solid-
lipid nanoparticles-balancing regulatory simplicity against higher encapsulation
efficiency [66], [67].

4.5. Broader pharmacological potential of polyprenols

Preclinical data (e.g., Ginkgo-derived PPs) show protection in toxin hepatitis;
Ropren® has been used clinically in chronic liver disease in Russia, plausibly
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via membrane stabilization and antioxidant effects [68], [69]. PPs/derivatives
can modestly down-tune sterol synthesis via pathways distinct from statins.
Downstream isoprenoids (e.g., GGOH) reduce cholesterol synthesis and ACAT
activity in vitro, with feedback on LDLR expression [70], [71], [72]; combined
PP-phosphate + B-sitosterol may enhance lipid-lowering [2], [73]. In our rats PPs
did not lower cholesterol - this was desirable alongside statins [6]. Isoprenoid
family compounds (CoQ,, tocotrienols, astaxanthin, GGOH) indicate plausible
glucose/insulin cross-talk meriting longer PP studies [74], [75], [76], [77].
Polyprenols improved cognition in AD-like rodent models [78]; our rat work
found no CNS detriment, suggesting neurological safety and potential benefit
in oxidative/neuroinflammatory settings [6], [78], [79], [80], [81].

PPs are dietary precursors to dolichols. Statins deplete mevalonate products
(CoQ,, dolichols, prenyl donors), impairing muscle energetics, glycosylation,
and signalling. Polyprenols are absorbed and reduced to dolichol; Dol-P
supports N-glycosylation in ER. Repleting dolichol may stabilize sarcolemmal
glycoproteins (e.g., dystroglycans) and repair capacity, aligning with preserved
strength in vivo [6], [82]. Statins can reduce muscle CoQ,, by 30-50 % [83]. In
rats, PPs alone maintained performance; clinically, pairing PPs with CoQ,, is
rational to address dual deficits, consistent with symptom relief in Paper III and
mixed CoQ,, monotherapy literature [6], [7], [84].

Atorvastatin (80 mg/kg) impaired wire-hang and grip strength in rats;
co-administered PPs (1-20 mg/kg) dose-dependently restored performance to
control without affecting locomotion, learning, or coordination. Cholesterol was
unchanged across groups. CK rose ~ 25 % with PP 20 mg/kg alone (without
functional harm) but not with atorvastatin + PPs, suggesting benign membrane
turnover rather than injury. The data support muscle-targeted protection and
informed human translation [6].

4.6. Clinical evaluation (paper lll)

o In 11 SIM patients, 8 weeks of PP 4 mg/day + CoQ10 100 mg/day reduced
pain and weakness scores (pain P < 0.001; weakness P = 0.018); 40 %
considered statin up-titration. Objective performance changes were mini-
mal-likely reflecting small sample, short duration, and modest baseline
impairment [7].

e No serious AEs occurred; CK increases were non-signiﬁcant. One patient
with CKD had transient, asymptomatic transaminase elevation resolving off
products; caution and monitoring are prudent in at-risk individuals.

o Findings align with rat data: functional protection/symptom relief at low
human doses when paired with CoQ10. Controlled trials are needed to
isolate PP effects versus combination therapy.
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4.7. Polyprenols, statins, and CoQ,,: a therapeutic
intersection

PPs + CoQ,, target complementary mevalonate deficits (dolichol/ER

homeostasis and ubiquinone/mitochondria). Compared with other SIM
strategies (vitamin D, carnitine, vitamin E), this approach is mechanistically
grounded and aims to preserve statin efficacy while improving tolerability.
Safety was acceptable across studies, with one reversible hepatic signal requiring
vigilance [85], [86].

4.8. Study limitations

The studies conducted in the bounds of this doctoral thesis have several
limitations that warrant consideration.

True oral bioavailability and tissue conversion to dolichol remain unquan-
tified; human dose (4 mg) may under-expose tissues. Pharmacokinetic and
labelled-PP studies are priorities.

We lacked muscle histology, tissue dolichol, glycosylation status, or intra-
muscular CoQ10-mechanisms therefore remain inferential.

High statin dose, female Wistar rats, and limited duration constrain gene-
ralizability; chronic, clinically relevant dosing with deeper tissue analytics is
needed (paper II).

Open-label, small sample, short follow-up, and combination with CoQ10
preclude causal attribution and dose-response modelling; objective function
endpoints were largely unchanged (paper III).

4.9. Research gaps and future studies

Mechanisms: Define PP effects on mevalonate flux, Dol-P pools, glycosyla-
tion, prenylation, and mitochondrial signalling (stable-isotope tracing;
targeted proteomics) [9], [27].

Delivery/PK: Head-to-head of liposomes vs nano-emulsions/micelles;
human PK/PD, tissue distribution, and conversion kinetics [40], [87], [88].
Clinical evidence: Adequately powered RCTs in SIM with PROs, CK, MRI
muscle fat-fraction; factorial arms (PP alone vs CoQ10 vs combination);
athlete crossover under oxidative stress [78], [89], [90], [91], [92].
Comparators: Positioning versus PCSK9 inhibitors, bempedoic acid, inclisi-
ran in statin-intolerant care pathways [85], [93], [94], [95], [96].
Standardization/safety: GMP-grade PP homolog profiles, batch consistency,
drug-supplement interactions, long-term hepatic/renal safety, and bone
health.
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o Personalization/omics: Pharmacogenomics for SIM risk [97], [98]; mul-
ti-omics to map responders [99], [100], [101].

4.10. Concluding remarks

This thesis delivers: (i) a pharmaceutically realistic liposomal PP
formulation; (ii) preclinical proof-of-concept for SIM mitigation; and (iii) first-
in-human safety/feasibility for PP+CoQ,, therapy. Collectively, plant-derived
PPs mitigated statin-associated muscle symptoms in vivo and in an exploratory
clinical setting - particularly with CoQ,, - without compromising lipid control.
These findings justify rigorously controlled trials, PK/PD characterization, and
refinement of delivery systems to embed PPs within precision strategies for
statin intolerance, metabolic syndrome, and age-related performance decline.

Thesis goal: to demonstrate that conifer-derived polyprenols - through
chemical characterization, liposomal formulation, preclinical efficacy testing, and
exploratory clinical study - can replenish mevalonate-dependent intermediates
and serve as a safe, effective adjunct to prevent or alleviate statin-induced
myopathies (SIM).
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5. CONCLUSIONS

Statin-induced myopathy (SIM) limits adherence to lipid-lowering therapy.

This thesis builds a full translational arc for conifer-derived polyprenols-
from chemical definition and liposomal delivery to preclinical efficacy and
first-in-human feasibility-targeting mevalonate-pathway shortfalls (dolichol,
ubiquinone) to preserve muscle function without blunting statin benefit.

5.1. Chemical characterization achieved

UHPLC-DAD-MS resolved ten homologues (Pren-11 - Pren-20) in
Abies sibirica/Picea abies, with Pren-15 predominant (~ 37 %).

A reproducible fingerprint met Objective 1, enabling consistent dosing and
regulatory readiness.

5.2. Innovative liposomal delivery platform developed

Modified ethanol-injection/co-solubilisation with phosphatidylcholine
(=40 % of lipid; PP/lipid ~ 1:33-1:40, w/w) produced stable multilamellar
vesicles (modal diameter ~ 1.36 um; stability 26 months).

Objective 2 was met: the system preserves PP integrity, overcomes hydrop-
hobicity, and is suitable for in vivo use.

5.3. Preclinical efficacy in a rat SIM model

In female Wistar rats receiving atorvastatin 80 mg/kg/day, spruce polypre-
nols (1-20 mg/kg/day) prevented declines in wire-hang and grip strength
without altering behaviour, cholesterol, or causing toxicity.

Objective 3 was fulfilled, supporting dose-dependent muscle protection
consistent with dolichol repletion and antioxidant action.

5.4. First-in-human safety and proof-of-concept

An 8-week open-label pilot (n = 11) of polyprenols 4 mg/day + CoQ,,
100 mg/day in confirmed SIM reduced pain and weakness scores, enabled
40 % of participants to consider statin re-escalation, and showed a benign
safety profile (no serious AEs; no CK spikes).

Objective 4 was achieved, demonstrating tolerability with preliminary
efficacy.
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5.5. Strategic therapeutic implications

Polyprenol + CoQ,, co-therapy addresses complementary mevalonate
deficits (dolichol and ubiquinone), comparing favourably with existing SIM
strategies by alleviating myotoxicity while preserving statin lipid-lowering.
The liposomal platform may extend to other conditions marked by mevalo-
nate insufficiency or oxidative membrane stress (e.g., sarcopenia, NAFLD).

5.6. Future directions

Phase II RCTs: Placebo-controlled trials to confirm efficacy, define optimal
dosing, and disentangle mono- vs. combination effects.

Mechanistic biomarkers: Stable-isotope tracing of PP > dolichol, muscle
Dol/Dol-P quantification, glycoprotein/prenylation status, and imaging of
mitochondrial/ER function.

Formulation/PK: Pharmacokinetics of individual homologues; microflui-
dic sizing; exploration of nanoemulsions/polymeric carriers to enhance
bioavailability.

Overall: the thesis validates a coherent bench-to-bedside path-defining

chemical signatures, optimising oral delivery, demonstrating muscle protection
in rodents, and showing encouraging human outcomes-supporting advancement
to adequately powered randomized trials. Beyond SIM, this platform invites
broader application in isoprenoid-deficiency and oxidative-stress disorders,
laying groundwork for future therapeutic innovation.
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