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Abstrakt

Inzulinova rezistence (IR) hraje zésadni roli v progresi aterosklerézy a je spojena s vyssi
kardiovaskularni mortalitou a morbiditou. IR v metabolismu glukdzy je béznym nélezem u
diabetiki 2. typu a u obéznich jedinci. Porucha tuc¢inku inzulinu a IR je pfitomna i u di-
abetikll 1. typu a jeji vyznam neni dostatecné zhodnocen. Disertacni prace je zamérena na
problematiku IR u nemocnych s diabetem mellitem 1. typu a dale problematiku blokady
renin angiotenzinového systému (RAS) v kontextu IR u nemocnych s metabolickym syndro-
mem a poruchou glukézové homeostézy (porucha glukézové tolerance ¢ zvySena glykémie
na la¢no). K hodnoceni IR je pouzita metodika hyperinzulinového-euglykemického clampu a
neprimé kalorimetrie, které umoznuji testovani in vivo u ¢lovéka. V nasem projektu jsme se
zaméfili na 1) posouzeni vyznamu metabolické inflexibility u diabetikt 1. typu, 2) hodno-
ceni metodiky hyperinzulinového euglykemického clampu u nemocnych s diabetes mellitus 1.
typu a piitomnou IR, 3) testovani vlivu inhibice RAS s pouzitim blokatoru angiotenzin II.
typ 1 receptoru (ARB) telmisartanu u nemocnych s porusenou glukézovou homeostazou pii
metabolickém syndromu. Vysledky disertacni prace prispély k priikazu poruchy substratové
utilizace u diabetik 1. typu - metabolické inflexibility. Vyznam tohoto fenoménu nebyl a
neni dosud zhodnocen, neni zatim provedena zadna jina studie, kterad by testovala i mozné
terapeutické ovlivnéni. Tento jev u uvedené skupiny dolozila nase studie jako prvni. Dal-
sim vysledkem nasi prace je zpresnéni metodiky hyperinzulinového euglykemického clampu v
kombinaci s méfenim substratové utilizace nepfimou kalorimetrii u diabetikt 1. typu spolu s
hodnocenim vylucovani urey moci. Pfi hodnoceni substratové utilizace pomoci neptimé ka-
lorimetrie provadéné pri euglykemickém hyperinzulinovém clampu nelze nahradit sbér moci
béhem clampu sbérem béhem predchozich 24 hodin ani shérem bazalnim (6:00-9:00). Ke sprav-
nému hodnoceni vylucovani urey je nutné provadét sbéry moce ve vSech periodach clampu
i pfes technickou naro¢nost a moznou chybu sbéru. Cirkadialni rytmus vylucovani urey ne-
byl u naseho souboru diabetikl zjistén. Prokazali jsme, Ze nemocni s diabetem 1. typu maji
poruchu proteolyzy pfi normalni oxidaci proteintd, coz by mohlo poukazovat na pritomnost
inzulinové rezistence v metabolismu proteinii. Posledni ¢ast disertac¢ni prace byla vénovana
problematice ,,metabolické 1écby“ inhibici renin angiotensinového systému, kdy jsme prokazali
pozitivni vliv telmisartanu na vybrané adipokiny u nemocnych s metabolickym syndromem
a porusenou lacnou glykémii, a tim podporili teorii o0 mozném metabolickém tc¢inku telmisar-
tanu v 1é¢bé metabolického syndromu. Podavani telmisartanu v davce 160 mg/den po dobu
ti1 tydni sice neovlivnilo signifikantné miru inzulinové rezistence, ale vedlo k vyznamnému
poklesu glykémie a zménam ve vybranych adipokinech. Vzestup bazalni (lacné) koncentrace
leptinu spolu s inzulin-stimulovanym vzestupem adiponektinu, leptinu a rezistinu pfi soucas-
ném poklesu TNF« pfi hyperinzulinémii pfi clampu podporuje moznou metabolickou aktivitu
telmisartanu u nemocnych s metabolickjm syndromem a poruchou glukézové homeostazy.

Klicova slova: inzulinova rezistence, metabolicka inflexibilita, renin angiotenzinovy systém



Abstract

Insulin resistance (IR) is considered to be an important factor influencing the progression of
atherosclerosis and is associated with higher morbidity and mortality. IR is a common feature
of diabetes mellitus Type 2 and obesity. Impaired insulin action (IR) is also described in dia-
betes mellitus Type 1, however this phenomenon has not been fully explained. The subjects of
dissertation thesis was directed on the IR importance in diabetic Type 1 patients as well as on
the renin angiotensin system inhibition in patients with IR and metabolic syndrome with im-
paired glucose homeostasis. Hyperinsulinemic euglycemic clamp is used in combination with
indirect calorimetry to estimate the IR in vivo in humans. In our project we focused on a) the
existence of the metabolic inflexibility phenomenon in type 1 diabetic patients b) the metho-
dological evaluation of the hyperinsulinemic euglycemic clamp procedure in the same group
c) the influence of renin angiotensin system inhibition with angiotensin II type 1 receptor
inhibitor telmisartan in patients with metabolic syndrome and impaired glucose homeostasis.
The dissertation thesis results indicate an altered substrate utilization in type 1 diabetic pati-
ents - metabolic inflexibility. To the best of our knowledge, this is the first report showing this
phenomenon in diabetic Type 1 subjects. Until now the importance of the metabolic inflexi-
bility is still unknown as well as its therapeutical consequences. The methodological aspects
of the substrate utilization measurement using hyperinsulinemic euglycemic clamp with indi-
rect calorimetry was evaluated in the next study. This study has proved that urine collection
performed during the clamp with urea excretion adjusted for changes in urea pool size is the
most suitable technique for measuring substrate utilization both in diabetic Type 1 patients
and healthy subjects. Urine collection during the clamp cannot be replaced either by the
24-hours sampling or by the single 24-hours urine collection. Attenuated insulin-stimulated
decrease in urea excretion corrected for the changes in urea pool size implicates the impaired
insulin effect on proteolysis. The last part of the dissertation thesis in the study 3 dealing with
the "metabolic treatment” using renin angiotensin system inhibition. We found as the first
the positive effect of telmisartan on selected adipokines in patients with metabolic syndrome
and impaired fasting glucose. Telmisartan administration within 3-weeks did not influence
insulin resistance and substrate utilization, however statistically significant plasma glucose
decrease was found as well as the changes in selected adipokine levels. We can conclude that
in patients with metabolic syndrome with impaired fasting glucose the short-term treatment
with telmisartan surprisingly increases plasma adiponectin, leptin and resistin concentrations
and decreases plasma TNF« levels. These results also implicate that the effect of telmisartan
could be important during hyperinsulinaemia and this is the first study presenting the positive
effect of telmisartan on plasma adipokines during hyperinsulinaemia in patients with impaired
fasting glucose. The changes in plasma concentrations of adipokines cannot be explained by
their expressions in subcutaneous adipose tissue. The results support the hypothesis that the
changes in selected plasma adipokines might be involved in the beneficial metabolic effects of
telmisartan in patients with metabolic syndrome.

Key words: insulin resistance, metabolic inflexibility, renin angiotensin system
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Kapitola 1

Uvod do diserta¢ni prace a prehled
literatury k jeji problematice

Inzulinova rezistence (IR) hraje zésadni roli v progresi aterosklerézy a je spojena s vyssi
kardiovaskuldrni mortalitou a morbiditou!. IR v metabolismu glukdzy je b&Znym nalezem u
diabetikft 2. typu a u obéznich jedincti. Radou autorti je IR stale povazovana za zékladni
z tady klinickych, biochemickych a humoralnich odchylek, které souhrnné oznacujeme jako
metabolicky syndrom, do kterého zahrnujeme dale esencialni hypertenzi, dyslipoproteinémii,
visceralni obezitu, endotelovou dysfunkci a dal$i odchylky?. Frekvence syndromu IR u nedi-
abetické populace v rozvinutych zemich dosahuje 25-30%, coz predstavuje obrovsky poten-
cial pro moznou intervenci s cilem snizit kardiovaskularni morbiditu a mortalitu v populaci.
Porucha uc¢inku inzulinu a IR je pritomna i u diabetikt 1. typu a jeji vyznam neni dosta-
te¢nd zhodnocen?®. Dizertacni prace je zaméfena na problematiku IR u nemocnych s diabetem
mellitem 1. typu a problematiku renin angiotenzinového systému (RAS) v kontextu IR u ne-
mocnych s metabolickym syndromem a poruchou glukézové homeostazy (porucha glukézové
tolerance ¢i zvySend glykémie na la¢no). Motivem prace je piispét k objasnéni mechanismi
rozvoje inzulinové rezistence a naznacit moznosti jejiho ovlivnéni. K hodnoceni IR je pouzita
metodika hyperinzulinového- euglykemického clampu a neptimé kalorimetrie, které umoznuji
testovani in wvivo u Clovéka. V nasem projektu jsme se zaméfili na 1) posouzeni vyznamu
metabolické inflexibility u diabetiki 1. typu, 2) hodnoceni metodiky hyperinzulinového eu-
glykemického clampu u nemocnych s diabetes mellitus 1. typu a pfitomnou IR a 3) testovani
vlivu RAS inhibice pouzitim blokatoru angiotenzin II. typ 1 receptoru (ARB) telmisartanu u
nemocnych s porusenou glukézovou homeostazou pii metabolickém syndromu.

1.1 TUvod do problematiky inzulinové rezistence

U obéznich a diabetikti 2. typu je pric¢ina IR multifaktorialni. Predpoklada se ticast genetické
predispozice a vliv zevniho prostiedi, které k indukci IR mohou vést primo nebo nepiimo
cestou zmén hormonalnich a enzymatickych reakci, zménou transportnich mechanismi, do-
stupnosti substrati i vlivem na krevni pritok tkanémi. Mezi klinicky nejdtlezitéjsi faktory
patii nizk4 fyzickd aktivita, nadvaha a obezita, nevhodné slozeni stravy?. Na rozvoji IR se

muze podilet defekt na kterékoli tirovni inzulinové signalizace od zmény struktury a funkce



inzulinového receptoru, az po defekt postreceptorovych déji. Vyznamného pokroku bylo v
poslednich letech dosazeno v poznani molekularnich mechanismi procesi, které zajistuji pre-
nos signalu vzniklého po vazbé inzulinu na inzulinovy receptor na nitrobunécéné efektorové
systémy (inzulinové signalni kaskdda) a zahrnuji kaskadu fosforylacné-defosforylacnich reakei
fady signalnich molekul. Po fosforylaci inzulin receptor substance 1-4 (IRS 1-4) se signa-
lizace ubirda dvéma zakladnimi sméry, jejichz pojitkem je fosfatidylinositol 3- kindza (PI3-
kindza) a Ras komplex. A) PI3-kindza se cestou aktivace dalsich kinaz jako je proteinkindza
B (PKB/Akt) a atypické proteinkinazy C (PKC) podili na aktivaci enzymt proteosyntézy a
aktivaci glukézovych transportéri. B) Ras je skupina GTP véazajicich proteini, které odpovi-
daji za aktivaci fady serin/treonin kinaz, jako je cytoplazmaticka serin kinéza (Raf), mitogén
aktivujici protein kindza (MAP), MEK a serin kindza p90 S6. Cestou Ras komplexu jsou
zajistény mitogenni ¢inky inzulinu, syntéza glykogénu a lipidi®. Signalizace je modulovana
fadou humoralnich a metabolickyjch faktori, které mohou stat v pozadi IR. Jednim z mnoha
mohou byt znovu neesterifikované mastné kyseliny (NEMK), které by mohly pfimo ovliviiovat
aktivitu PKC, ktera je aktivovana diacylglyceroly (DAG) a ucastni se fady procesii spojenych
s IR a diabetem 2. typu®. Tato inzulinové signaliza¢ni kaskada je pfitomna nejen v inzulin-
dependentnich tkanich, ale i v bunikach, které jsou povazovany za nezavislé na inzulinu. Do-
sud vsak nejsou molekularni mechanismy IR plné objasnény, ale pravdépodobné je pritomna
dysregulace ti¢inki inzulinu a geneticka determinace s réiznymi fenotypickymi projevy. Radou
autord je IR stale povazovana za zakladni z fady klinickych, biochemickych a humoralnich
odchylek, které souhrnné oznacujeme jako metabolicky syndrom, do kterého zahrnujeme déle
esencialni hypertenzi, dyslipoproteinémii, visceralni obezitu, endotelovou dysfunkci a dalsi
odchylky. Podle pficiny vzniku délime IR na primarni, kterd je charakterizovana genetickou
dispozici, a sekundarni, ktera je disledkem hormonélnich ¢i metabolickjch zmén. Diabetes
mellitus 2. typu je onemocnéni s polygenni dédicnosti a predpoklada se, ze IR je az v 50 %
podminéna genetickymi faktory. Vzdy je vSak pritomna i sekundérni inzulinova rezistence,
ktera komplikuje metabolickou situaci © a vznik4 nej¢astéji vlivem hormondlnich a metabo-
lickych zmén (napf. hyperinzulinémie, hyperglykémie, zvySeni volnych mastnych kyselin a
kontraregulacnich hormonti, protilatek proti receptoriim a inzulinu, amylinu a dalgich vliv)
25 Sekundarni IR mtiZze navodit vSechny popsané receptorové i postreceptorové abnormality,
které vsak mohou byt plné reverzibilni. IR neni typickym znakem diabetu 1. typu. Porucha
ucinku inzulinu a IR je vsak u téchto nemocnych také opakované popsana, a to i u nemocnych
bez organovych komplikaci s uspokojivou metabolickou kompenzaci®®. U diabetikti 1. typu je
pfitomna porucha t¢inku inzulinu (i pti davkach inzulinu okolo 3542 UI/den), které v klinic-
kém kontextu pro IR nesvédéi®. Na vzniku IR u diabetikidl 1. typu se pravdépodobné podili
cesta aplikace inzulinu do perifernich tkani, kdy se aplikovany inzulin v prvé fazi nedostava
do portalni krve a do jater®. Na vzniku IR u diabetikt 1. typu se mohou podilet dalsi faktory,
jako je redukce transportu glukézy v kosternim svalu, redukce krevniho priitoku svalem a
zejména neuspokojiva metabolickd kompenzace diabetu. Stejné jako u diabetiki 2. typu je u
diabetiki 1. typu postizena jak oxidace glukdzy, tak i jeji neoxidativni metabolismus. Jsou
publikované studie, které prokazuji, ze vyssi denni davka inzulinu (vice nez 25-55 pU/ml)
je spojena s vyssimi titry protilatek proti inzulinu, které mohou byt dalsi pri¢inou IR u di-
abetikil 1. typu®. Navzdory skute¢nosti, Ze soubor klinickych, biochemickych a humoralnich
odchylek asociovanych s IR, oznacovany jako syndrom IR, postihuje v rozvinutych zemich az



¢tvrtinu populace, nejsou dosud objasnény patofyziologické mechanismy tohoto syndromu??®.

Pfi¢iny vzniku a rozvoje IR v ruznych klinickych situacich (diabetes mellitus 1. typu a 2.
typu, obezita, endokrinopatie atd.) jsou podle souc¢asnych predstav multifaktoridlni a podili
se na nich vlivy genetické a faktory zevni.

Primarnt (genetické) priciny inzulinové rezistence

Metabolicky syndrom je onemocnéni s ¢astym familiarnim vyskytem a predpoklada se tedy
pritomnost genovych mutaci odpovédnych za vznik IR. Pouze mala ¢ast pripada (1-2 %) vsak
byla spolehlivé objasnéna prikazem genové mutace (mutace tyrozinkinazy, glukézovych trans-
portérd, polymorfismy gent pro IRS, mutace mitochondrialni DNA, genovych polymorfismt
PPARG, FTO a dalsich genti). Mutace, které by hraly roli u vétsiny nemocnych, nebyly dosud
identifikovany.

Sekundarni priciny inzulinové rezistence

Schematicky mtizeme sekundarni poruchy rozdélit na pri¢iny metabolické, humorélni a ner-
vové. Jednou z dtlezitych metabolickych pricin jsou poruchy lipidového metabolismu, které
konstantné provazeji syndrom IR. Zvysené hladiny NEMK snizuji inzulinem stimulovanou
utilizaci glukézy (zpétnovazebnou inhibici enzymi glykolyzy, oxidace glukézy a syntézy gly-
kogenu - tzv. Randliv cyklus) a aktivitu PI3-kindzy”*1°. Byla doloZena i dysregulace lipo-
proteinovych lipaz pii IR, Zvysené sérové koncentrace NEMK pii IR mohou byt diisledkem
zvySené mobilizace mastnych kyselin z triglyceridi tukové tkané, snizené utilizace ve tka-
nich nebo kombinaci obou procest. Se zvySenymi hladinami NEMK souvisi také ektopické
ukladani tuku mimo tukovou tkan - do kosterniho i srde¢niho svalu, jater, Langerhansovych
ostriivki pankreatu - kde pfispivaji k rozvoji IR'2. Z dalsich metabolickych pii¢in se uplatiiuji
napf. hyperglykémie (toxicky efekt glukézy), hyperosmolarita, poruchy acidobazické rovno-
vahy. Mezi humorélni pfi¢iny patii hyperinzulinémie (vedouci k down-regulaci receptorit),
zvysSeni kontraregulacnich hormont, protilatky proti inzulinu a inzulinovému receptoru, a
také fada dalsich metabolicky aktivnich latek, které mohou byt produkovany adipocyty, en-
dotelem nebo imunokompetentnimi bunkami a jsou v posledni dobé predmétem intenzivniho
vyzkumu. Z nervovych poruch je tfeba zminit aktivaci sympatiku inzulinem, tloha CNS v
patogenezi IR je predmétem vyzkumu. Kosterni sval se kvantitativné nejvyznamnéji podili
na inzulinem stimulovaném odsunu glukézy z plazmy za podminek postprandialné. Proto se
také pozornost vyzkumu IR tradi¢né zamérovala zejména na tuto tkan. Z rady experimen-
talnich studii vSak pribyvaji dikazy o tom, ze primarnim mistem IR mohou byt jiné tkane,
které svymi metabolickymi ¢i humoralnimi ptisobky mohou navodit sekundarni IR v ostatnich
tkanich véetné kosterniho svalu. Mnoho informaci je o tukové tkani, ktera je kromé produkce
NEMK zdrojem dalsich hormont a cytokinti, o jejichz tloze v patogenezi IR existuje rfada
dikazi, které vsak nejsou zatim podporeny terapeutickymi postupy. Nejdulezitéjsi iloha se
pfipisuje visceralnimu tuku (jakozto ekvivalentu rizikového typu abdomindlni obezity), z hle-
diska kvantitativniho mize byt podkozni tukova tkan dokonce vyznamnéjsi. Jako zdroj IR
pripadaji z dalsich tkani v itvahu CNS; jatra ¢i endotel.



1.2 Projevy inzulinové rezistence

Vzhledem k mnozstvi riiznych tcinki inzulinu, ktery se uplatiiuje nejen v metabolismu cukri,
tuki a bilkovin, ale ovliviiuje i fadu bunéénych pochodi, véetné bunécného déleni a apoptozy,
jsou projevy IR velmi pestré. V dalsim textu se zaméfim pouze na inzulinovou rezistenci a
energeticky metabolismus. Z hlediska intracelularniho metabolismu glukézy je pri IR u dia-
betu mellitu 2. typu sniZzena jak inzulinem stimulovana oxidativni, tak neoxidativni utilizace
glukdzy. Kvantitativné je podstatné vyznamnéjsi pokles neoxidativniho metabolismu, jak bylo
prokazano v prubéhu hyperinzulinového euglykemického clampu, ktery byl doplnén méfenim
substratové utilizace metodou nepiimé kalorimetrie!®. Diabetes mellitus 2. typu je spojen s
nékterymi abnormalitami v metabolismu lipidt, mezi které fadime: a) zvySeni NEMK, b)
inzulinovou rezistenci navozenou poruchu suprese lipolyzy c¢) sniZenou clearance NEMK bé-
hem hyperglykémie'*. Navic tukové tkai produkuje fadu hormonii (adipokiny, cytokiny atp.),
jejichz vzajemnéa interakce je v soucasné dobé velmi zkouména ve vztahu k patogenezi me-
tabolického syndromu, diabetu a aterosklerézy. V metabolismu glukdzy je postizena jaterni
produkce glukézy, kterda neni dostatecné inhibovana inzulinem. Kromé IR v hepatocytu se
na zvysené glukoneogenezi mize podilet pravé zvysena nabidka substrati a zvysené hladiny
NEMK (Randliv cyklus), které brzdi glykolyzu a oxidaci glukézy. Rezistenci k u¢inku inzulinu
a porucha inzulin-dependentniho odsunu glukézy do tkani se projevuje zejména v kosternim
svalu, kde je sniZzena oxidativni i neoxidativni utilizace glukézy (nizsi aktivita glykogensynte-
tazy), ale také v tukové tkani a fadé dalsich cilovych bunék. IR se projevuje redukei Géinku
inzulinu v metabolismu glukdzy, ale soucasné je snizena suprese lipolyzy (nedostatecna inhi-
bice hormon-senzitivni lipazy) a zvySena oxidace lipidii. Neesterifikované mastné kyseliny
jsou vychytéavany svalem a inkorporovany do tukovych ¢astic ve svalu (asi 70-90 %) a dochdazi
k jejich rychlé esterifikaci do triacylglycerolii!®1®. Porucha ti¢inku inzulinu nemusi byt stejné
vyjadrena ve vSech metabolickych drahach. Naopak vlivem privodni hyperinzulinémie se zvy-
suji nékteré ucinky inzulinu v metabolismu lipidi, bilkovin, nukleovych kyselin a mineral,
kémie. Struc¢né jsou tyto klinické projevy shrnuty v tabulce 1.1. Tab. 1 Metabolické odchylky
provazejici IR a jejich mozné pficinné souvislosti.

1.3 Metodické aspekty hodnoceni inzulinové rezistence

V klinické praxi je mozno hodnotit tcinek inzulinu podle jeho potfeby. Jako orienta¢ni uka-
zatel IR lze proto pouzit hladinu imunoreaktivniho inzulinu v plazmé nala¢no. U pacientt
lécenych inzulinem svédéi pro poruchu v i¢inku inzulinu celkova denni davka vétsi nez 40 TU
inzulinu. Zlatym standardem k testovani uc¢inku inzulinu in vivo je hyperinzulinovy euglyke-
micky clamp!”. Pro hodnoceni t¢inku inzulinu (inzulinové senzitivita, inzulinové rezistence)
se uziva fady ukazatelli, jejichz zédkladem je vzdy spotieba glukézy (M), které mohou byt pre-
poc¢itany na kg hmotnosti, kg hmotnosti bez tuku ¢i na klidovy energeticky vydej'™!8. Mira
uc¢inku inzulinu se hodnoti podle mnozstvi glukdzy, kterou je tieba dodavat, abychom pri stan-
dardné zvolené hyperinzulinémii (konstantni infuzi inzulinu) udrzeli glykémii na pozadované
hodnoté. Rychlost infuze glukézy se méni podle glykémii métenych v péti-/desetiminutovych
intervalech. Po pocatecni nerovnovaze dochazi cca. za 90 minut k ustalenému stavu, kdy plati,



Metabolicka odchylka ‘ Mechanismus vzniku

Dyslipoproteinémie (7T triglyceridy, | T clearence NEMK z plazmy, T produkce

T VLDL, | HDL, T NEMK) VLDL jatry, T lipolyza v tukové tkani

retence vody, sodiku v ledvinach

e| aktivita Na/K ATPézy, | intracelularniho
e endotelialni dysfunkce

Hypertenze (| schopnost vazodilatace pfi | syntéze NO)
e | tonus sympatiku
e aktivace RAS
Hyperurikémie | clearence kyseliny mocové v ledviné
Prokoagulacni stav defekt fibrinolyzy, T PAI-1
Prozéanétlivy stav Produkce adipokint, prozanétlivych faktori

tukovou tkani pii obezité (viz kap. 2)

Zkratky: VLDL - very-low-density lipoprotein; HDL - high-density lipoprotein;
Na/K ATPaza - aktivni transportér iontti sodiku a drasliku pfes bunéénou membranu; NO - oxid dusnaty;

RAS - renin angiotenzinovy systém; PAI-1 - inhibitor tkanového aktivatoru plazminogenu.

Tabulka 1.1: Metabolické odchylky provazejici IR a jejich mozné pri¢inné souvislosti.

ze glukéza do téla podavand, se rovna glukéze, kterd z obéhu zmizi (glucose uptake), tento
parametr - tzv. spotfeba glukdzy - glucose disposal [mg.kg™'.min~!| je méfitkem citlivosti
na inzulin pfi urc¢ité inzulinémii. Opakovanym provedenim clampu pfi riiznych koncentracich
inzulinu je moZné provést vySetfeni i tzv. dose response kiivky (davkové zavislosti t¢inku
inzulinu na jeho koncentraci v plazmé). Kfivka ma tvar ”S” | tj. pii stoupajici koncentraci
inzulinu stoupéa spotieba glukézy az k maximalni hodnoté, kterou dalsim zvysovanim davky
inzulinu nelze prekrocit. Spotfeba glukézy odpovida Gcéinku inzulinu za predpokladu, Ze je
béhem clampu zablokovana produkce glukézy v jatrech a ledvinach. V podminkach nalac¢no
(tj. pfi inzulinémii 5-15 U /ml) ¢ini produkcee glukdzy asi 2 mg.kg™.min~!. P¥i infuzi inzulinu
dochazi k supresi endogenni produkce glukézy v zavislosti na davce inzulinu a vysi hyperi-
nzulinémie. U zdravych jedinci je endogenni produkce glukézy uplné zablokovana pfi rych-
lostech inzulinu vyssich neZz 0,42 mU. kg~ !.min~!, coZ znamen4, Ze tiplnou blokddu miZzeme
piedpoklddat i p¥i b&Zné pouzivanych rychlostech inzulinu (1 mU.kg™!.min~!)!®. Pokud pou-
zijeme rychlosti nizsi nebo vysetfeni provadime u inzulinorezistentnich osob, je treba odlisit
endogenni produkci glukézy, nejlépe nékterou z izotopovych metod. Jinou moznou metodou,
pomoci niz lze kvantifikovat inzulinovou senzitivitu, je intravendzni glukézovy tolerancni test
s castym odbérem krevnich vzorkid hodnoceny Bergmanovym miniméalnim modelem. Uvedené
testy jsou technicky i Casové naroc¢né, proto se zejména ve studiich s vétsim poc¢tem probandi
pouzivaji zjednodusené testy, které vychazeji z jediného odbéru a vypocitavaji rizné indexy
inzulinové senzitivity (tab 1.2). Tyto indexy jsou spolehlivé u nediabetiki, a to do laéné gly-
kémie 7 mmol/1'%?°. Pfi kombinaci dalsich vySetieni s clampovymi metodami je tfeba brat
v uvahu moznost ovlivnéni vysledki inzulinem ¢i vodni nélozi a zahrnout tyto faktory do
korekénich vypoctt. Naptiklad, pokud provadime béhem clampu nepfimou kalorimetrii, pak
je pro kalkulaci oxidace proteini tieba mérit odpady urey v moci, ktera byla sbirana béhem
clampového vysetfeni, a neni mozné pouzit sbér moce za 24 hodin?'. Déle je tieba zohlednit



‘ Index ‘ Vzorec ‘
HOMA (Homeostasis Model Assessment) INS * GLU / 22,5
QUICKI (Quantitative Inzulin Sensitivity Check) | 1 / (log INS + log GLU)

Zkratky: INS - la¢na inzulinémie; GLU - la¢na glykémie.

Tabulka 1.2: Indexy inzulinové rezistence.

zmény v distribu¢nim prostoru urey vyvolané inzulinem a volumovou expanzi a korigovat
odpady dusiku do moce??23.

1.4 Problematika utilizace substratu pri inzulinové re-
zistenci a jeji vyznam (metabolicka inflexibilita)

7 hlediska intracelularniho metabolismu glukézy je pri IR u diabetu mellitu 2. typu snizena
jak inzulinem stimulovana oxidativni, tak neoxidativni utilizace glukézy. Kvantitativné je
podstatné vyznamnéjsi pokles neoxidativniho metabolismu, jak bylo prokazano v pribéhu
hyperinzulinového euglykemického clampu, ktery byl doplnén méfenim substratové utilizace
metodou nepiimé kalorimetrie!?!. Diabetes mellitus 2. typu je spojen s nékterymi abnorma-
litami v metabolismu lipidii, mezi které fadime: a) zvyseni NEMK, b) inzulinovou rezistenci
navozenou poruchu suprese lipolyzy c) sniZenou clearance NEMK b&hem hyperglykémie!4. V
podminkach nalacno je oxidace mastnych kyselin hlavnim zdrojem energie pro kosterni sval u
zdravych stihlych jedinct. Zatimco postprandialné (inzulin-stimulovanych podminek) dochazi
k supresi oxidace lipidii a zvysuje se vychytavani (uptake), oxidace a ukladani glukézy!'*242°.
Tato tzv. metabolicka flexibilita, nebo-li schopnost presmyku mezi utilizaci substrat nalacno
a postprandialné, je vyznamna ke kryti energetickych potieb i k efektivni tvorbé zasob a
vyuziti energie'*. Obecné, za podminek nala¢no prechézi sval na dominantni zdroj energie
ve formé mastnych kyselin. Pfi jejich nadbytku dochézi ke snizeni glykolyzy cestou akumu-
lace acetyl CoA a citratu, coz vede k inhibici pyruvat-dehydrogenazy a fosfo-fruktokinazy,
tim dochézi ke zvyseni glukéza 6-fosfatu, ktery blokuje hexokindzu, a snizuje se oxidace a
vstup glukézy do bunék!®. Vétsina studii, kterd prezentovala vzajemnou kompetici substrati,
byla zalozena na pokusech na zdravych jedincich. V soucasné dobé je vyznam tohoto cyklu
zpochybnén za podminek IR. Experimentalni studie na zvirecich modelech neprokazaly sni-
Zeny inzulinem stimulovany odsun glukézy po pfidani mastnych kyselin'?. IR se projevuje
redukci uc¢inku inzulinu v metabolismu glukézy, ale soucasné je snizena suprese lipolyzy a
zvysena oxidace lipidi. NEMK jsou vychytavany svalem a inkorporovany do tukovych castic
ve svalu (asi 70-90 %) a dochézi k jejich rychlé esterifikaci do triacylglyceroli?®. Bylo proka-
zano, ze chronické i akutni zvyseni NEMK snizuje inzulinem stimulovanou utilizaci glukdzy,
syntézu glykogenu a aktivitu PI3 kindzy?"?8. Zvysené koncentrace NEMK pii IR v cirkulaci
mohou byt disledkem zvysené mobilizace MK z triglyceridli tukové tkané, snizené utilizace
ve tkanich nebo kombinaci téchto procesii. Pti IR byla dolozena dysregulace lipoproteinovych
lip4z2%2Y. Vyznamnou roli by mohla hrat i porucha vazebného proteinu pro mastné kyseliny
(MK) (fatty acid binding protein - FABP), ktery je zodpovédny za transport MK ve tkanich
k mitochondriim (pro oxidaci mastnych kyselin), k tukovym kapénkédm (pro ukladani), do ja-



dra (regulace transkripce enzymu lipidového metabolismu) a ma pravdépodobné i vlastnosti
”scavangera” volnych radikalt®??!. Ukladani tuku mimo tukovou tkai (v kosternim svalu, v
jatrech, srdci, buiikich Langerhansovych ostrivki) je jednou z diskutovanych teorii vzniku
IR a jejich projevii. Kromé kvantitativnich zmén mastnych kyselin je fada experimentalnich
i in vivo dokladl o tom, ze v patofyziologii IR se uplatiuji i zmény slozeni MK v sérovych a
tkanovych lipidech. IR se projevuje rovnéz nizsi aktivitou glykogensyntetazy a snizenou tvor-
bou glykogenu!®32. U zdravych jedincii bez piitomnosti IR jsou hlavnim substratem volné
mastné kyseliny. Odsun volnych mastnych kyselin do svalu za téchto podminek je znacny,
jak dokazuji studie na predlokti u ¢lovéka, pii kterych byl nalezen respira¢ni koeficient (RQ)
0.76£0.02 svédéici o tom, Ze oxidace lipidii pfedstavuje az 80% spotfebu O2!2. Navic dosud
neni plné objasnén vztah metabolickych pochodt a adipokinint (adiponektin, rezistin, TNFa
a dalsi ) k IR a jejim projeviim?3. U diabetikii 2. typu a obéznich jedincii je v podminkach na-
lacno oxidace glukézy zvysena oproti hubenym zdravym jedinctim, zatimco je snizena oxidace
lipidii pfi zachovani vychytavani mastnych kyselin. Obrazek 1.1 popisuje zmény za podminek
hyperinzulinového euglykemického clampu u zdravych jedincii, kdy dochézi k az 10-ti nasob-
nému zvyseni oxidace glukézy (RQ=1.00), ale u obéznich a diabetiki je oxidace glukézy i jeji
vychytavani vyznamné redukovano a prakticky se neméni s podminkami nala¢no (RQ=0.9)
12 Tento jev metabolické inflexibility by mohl byt pravdépodobné dalsim kli¢ovym mechanis-
mem, vedoucim ke zvysené akumulaci lipidi ve svalové tkani a mohl by se podilet na poruse
metabolismu glukézy pii IRY. ZvySena oxidace glukézy nalacno negativné koreluje s inzuli-
novou sensitivitou, stejné jako vyssi oxidace lipidii béhem inzulin-stimulovanych podminek.
U diabetik®® a obéznich jsou diskutovany mechanismy, kterymi je metabolickd inflexibilita
manifestovana: 1) porucha cefalické faze inzulinové sekrece, 2) porucha na trovni kosterniho
svalu v podminkach nala¢no a postprandiélné, 3) porucha postprandiadlniho odsunu mastnych
kyselin k ukladéni, 4) mitochondridlni porucha metabolismu mastnych kyselin'®. V soucasné
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Obréazek 1.1: Metabolické inflexibilita energetickych substratti nalacno a za podminek inzu-
linem stimulovanych u obéznich (A), diabetiki 2. typu (M) a zdravych jedinct (®) upraveno
podle Kelley et al.'4. Vysvétlivky: LegRQ -respiracni koeficient méfen na piedlokti.

dobé se vsak poukazuje na moznost zvysené akumulace lipidi ve svalové tkani, ktera se muze
podilet na rozvoji IR. Akumulace lipidt ve svalové tkani je podle vysledkii mnoha studii zpi-



sobena snizenim oxidace a zvySenim esterifikace mastnych kyselin®t. U obéznich a diabetikii 2.
typu je pravdépodobnou pfi¢inou snizené oxidace mastnych kyselin porucha vstupu acylCoA
do mitochondrie v disledku inhibice karnitin-palmitoyl-transferazy (CPT) malonylem CoA a
tato inhibice vede ke sniZeni oxidativnich pochod® v mitochondrii'??*. Pravé aktivita CPT
je pri IR sniZena, coz mé vztah v metabolismu mastnych kyselin, ale ovliviiuje i metabolis-
mus glukézy'>3*. Akumulace dlouhych fetézctt acyl CoA miize negativné ptisobit na transfer
signalu pres inzulinové receptory cestou aktivace proteinkinazy C. Vyznam této kinazy spo-
¢iva ve schopnosti inaktivovat inzulinovy receptor a jeho podjednotky fosforylaci nékterych
z jeho serinovych podsoucasti. Z uvedeného vyplyva, ze akumulace lipidi ve svalové tkani je
zodpovédnd za sniZeni G¢inku inzulinu v fadé jeho metabolickjch drah!. Jak bylo popsano
v pfedeslém textu vétsina praci hodnoticich problematiku metabolické flexibility, resp. infle-
xibility, byla hodnocena u diabetikt 2. typu. V pripadé diabetu mellitu 1. typu vsak dosud
tento fenomén nebyl dolozen.

1.5 Problematika hodnoceni hyperinzulinového eugly-
kemického clampu a hodnoceni odpadi urey

Hyperinzulinovy euglykemicky clamp v kombinaci s nepfimou kalorimetrii se pouziva k mé-
feni substratové utilizace a k odliseni metabolismu glukézy na oxidativni a neoxidativni
cestul™?L%, B&zné se nepiima kalorimetrie pii hyperinzulinovém euglykemickém clampu pro-
vadi pfed zahdjenim clampu (bazalné), v prubéhu a na konci clampu. Sbér moéi a jeho
presnost je i vyznamnym parametrem presného méfeni utilizace zivin, protoze oxidace jed-
notlivych substratii se nejcastéji odvozuje z méfeni odpadit dusiku urey do moci. Variabilita
vylucovani dusiku urey je vyznamné ovlivnéna dennim piijmem zivin, energetickou situaci
organismu, funkci ledvin a stavem hydratace®>35. Vylu¢ovani dusiku urey se rovnéz lisi pti
srovnani sbértit moci v rozmezi nékolika dnii a tato variabilita je vyznamna pii méreni oxidace
substrati. Metabolické studie u ¢lovéka jsou zatizeny fadou chyb a méreni odpadu dusiku je
velkym problémem pii vypoctu oxidace substrati. Presnéjsi metodou je hodnoceni odpadu
celkového dusiku tzv. Khjeldalizaci, ktera vSak neni rutinni a neni bézné dostupna, proto je
tedy v praxi pouzivano hodnoceni vylucovani dusiku urey (U-urea v mmol/24 hodin). Mé-
feni odpadi dusiku je sice zatiZeno interindividualni a intraindividualni chybou, se kterou se
kalkuluje v naprosté vétsiné praci hodnoticich substratové oxidace. Pouziti mocového katetru
pro sbér moci by zpresnilo celkovy vysledek, ale pro rizika invazivniho vykonu se zavedeni
mocového katetru bézné nepouziva. Extrarenalni ztraty urey a celkového dusiku pravdépo-
dobné nehraji vyznamnou roli u zdravych jedinci, ale tato problematika nebyla hodnocena
u diabetikfi, u kterych je ¢asto piitomna napt. sekundarni inzulinova rezistence®. Zmény
sérové a mocové koncentrace urey v prubéhu hyperinzulinového euglykemického clampu jsou
v literature jiz popsany, dochazi k poklesu sérové koncentrace urey a ke zvyseni vylucovani
mocové urey a z téchto divodu se provadi korekce na distribucni prostor (urea pool size)
22 Neni-li provedena tato korekce, je vyslednd oxidace proteinéi nadhodnocena a vypodtena
oxidace sacharidi a lipid nizsi. Pricina téchto zmén neni pln€ objasnéna, a tudiz je mozné, ze
hyperinzulinémie neni jedinym faktorem, ktery ovliviiuje vylu¢ovani urey clampu (objemova
infuzni z&téz, endogenni vlivy, zmény hormondalni béhem clampu, inzulinova rezistence). Tyto



zmény ovliviiuji méreni substratové utilizace. U diabetiki neni dosud zhodnocen vliv IR na
vyluéovani urey v priibéhu clampu®’. V tomto kontextu se nabizi otdzka, zda mtize IR mit
vliv na vylucovani urey u diabetikt 1. typu. Jak jiz bylo zminéno, hodnota vylucované urey je
dilezita pro zhodnoceni oxidace proteinti. Z hlediska ti¢inku inzulinu v oblasti proteini nejsou
literarni data jednotné, ale podle dosud publikovanych dat 1ze hodnotit antikatabolicky ti¢inek
inzulinu u diabetikil 1. typu jako inzulinem navozenou inhibici proteolyzy v kosternim svalu®®.
Dle nékterych autori je vétsi mira proteolyzy pritomna u diabetiki 1. typu a oxidace proteint
je bez vyraznéjsich zmén pii normalni mife proteosyntézy®. Jiné nazory soudi, Ze inzulin ne-
stimuluje proteosyntézu za la¢nych podminek v kosternim svalu®®. Relativné jednotné nazory
jsou v problematice 1é¢by inzulinem u diabetik 1. typu, ktery upravuje miru katabolismu pii
inzulin-deficienci*!. Intenzivni 1é¢ba inzulinem, v8ak nenormalizuje endogenni reutilizaci ami-
nokyselin pii restrikci dietniho pfisunu proteinti a nedochazi k efektivnimu vyuziti ptijatych
aminokyselin®'. Denni variabilita vyluéovani urey je dalim jevem, ktery by mohl mit vliv
na hodnoceni substratové utilizace nalacno a v pritbéhu hyperinzulinového euglykemického
clampu a/nebo postprandiilné. Prace autort Steffe a spol. prokazala pfitomnost cirkadialniho
rytmu u zdravych jedinct, ale nebyl zhodnocen fyziologicky vyznam této denni variability?2.
Z hlediska hodnoceni substratové utilizace nepifimou kalorimetrii by pritomnost rytmu mohla
mit vliv na vysledky oxidace proteinii nejen v pribéhu hyperinzulinového euglykemického
clampu, ale zejména na la¢nou hodnotu oxidace proteinti. Tato problematika dosud rovnéz
nebyla hodnocena u diabetikd 1. typu se sekundarni inzulinovou rezistenci.

1.6 Inhibice renin angiotenzinového systému a
jeji inzulin-senzitizujici Gcinky

Studie s inhibitory renin angiotenzinového systému, mezi néz fadime inhibitory angiotenzin
konvertujicho enzymu (ACEI) a blokatory angiotenzin II typ 1 receptoru (ARB), z posledniho
obdobi, prokazaly snizeni incidence diabetes mellitus 2. typu, ale nékteré recentni studie tento
trend naopak neprokazaly*3~47 . Mechanismus, ktery vede ke snizeni vyskytu incidence dia-
betes mellitus 2. typu v nékterych studiich, neni v soucasné dobé znam. V poslednich letech
bylo publikovano, ze nékteré ARB blokatory (telmisartan, irbesartan, losartan) mohou mit
podobnou strukturalni homologii s PPAR~y ligandem pioglitazonem, a tim mohou aktivovat
tyto nuklearni receptory*®. ABR v experimentu cestou PPAR~y ovliviiuji genovou expresi tzv.
adipose protein (aP2) a PPAR~y 2-ligand vézajici doménu (ligand binding protein-LBD) v
bunéénych modelech u irbesartanu a telmisartanu, ale v zavislosti na koncentraci ARB. U
telmisartanu k ovlivnéni aP2 a LBD dochézi jiz pii bézném davkovani pro lécbu esencialni
hypertenze®®. Afinita jednotliviich ARB k PPAR~ je d4na jejich lipofilitou, a ta je nejvétsi u
telmisartanu a méné u losartanu a irbesartanu®®. V experimentalnich studiich s ARB bloka-
tory bylo prokazano, ze parcialni aktivace PPAR~, je nezévisla na jejich blokujici aktivité k
angiotenzin II typ 1 receptoru®0. PPAR~y funguje jako transkripéni regulator v tukové tkani,
kde reguluje cetné geny zahrnuté do metabolismu lipidi a glukdzy, a tim je dan predpoklad
k jejich vyuziti v 1écbé metabolického syndromu, diabetu mellitu a stavi, kdy je pritomna
IR?. V tomto kontextu se nabizi otdzka, zdali je efekt ARB (lipofilni) kvantitativné, ev.
i kvalitativné, asociovan v zavislosti na mnozstvi tukové tkané (visceralni, podkozni atp.).
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Studie tuto problematiku dosud nehodnotily. Experimentalni studie s inzulin-rezistentnimi
jedinci, obezitou a diabetem mellitem 2. typu identifikovaly defekt mitochondrialni oxidativni
fosforylace, ktera je asociovana se zvySenou akumulaci lipidi a triacyglycerolti ve svalové
tkani'?. Ze skupiny ARB je telmisartan schopen zvysit expresi PKC 1 genu, ktery kéduje
fosfoenolpyruvat-karboxykindzu (PEPCK-C). PEPCK-C je zodpovédna za sniZeni hladiny
mastnych kyselin mechanismem zvyseni syntézy glycerolu a reesterifikace mastnych kyselin
cestou aktivace PPAR~®!. Navic je popséano, ze telmisartan snizuje o 60-70 % expresi acetyl-
CoA-karboxylazy 2 (ACC2). Tato inhibice vede k sou¢asnému snizeni syntézy mastnych ky-
selin a ke zvyseni jejich oxidace?. Pravé ACC2 je jednim z hlavnich reguldtorii metabolismu
mastnych kyselin ve svalu. Tento enzym zvySuje koncentraci malonyl-CoA, ktery je inhibito-
rem karnitin-palmitoyl-transferazy, klicového enzymu regulujiciho vstup mastnych kyselin do
mitochondrie a jejich vyuziti. Zajimavym nalezem je, Ze pioglitazon ani irbesartan nemély vliv
na ACC2 ve srovnani s telmisartanem®®. Efekt telmisartanu byl prokazan ve skupiné potkanti
dietné intervenovanych dietou s vysokym obsahem tuku a sacharidii, ale nikoliv ve skupiné
mysi typu Zucker, tedy u geneticky determinovaného modelu mutace leptinového receptoru.
Zde se nabizi hypotéza, ze benefit 1é¢by telmisartanem by mohl byt zavisly na intaktnim
leptinovém signaliza¢nim systému®®. Dalsi experimentalni prace prokazaly, Ze telmisartan ve
srovnani s valsartanem zvysuje vychytavani glukézy a expresi GLU-4 transportétu®?. ACEI
a ARB jsou schopny blokovat nezadouci metabolické ucinky angiotenzinu IT (AII), a to jak
na urovni zlepseni inzulinové senzitivity, tak na trovni sekrece inzulinu®*°?. Existuje ale i
fada experimentalnich dokladt o inzulin-senzitizujicich mechanismech, které jsou na blokadé
ucinku AII nezévislé®®. ZlepSena mikrocirkulace v Langerhansovych ostriiveich ticinkem ACEI
i ARB zlepsuje uvolniovani inzulinu jako odpovéd na stimulaci glukézou (prvni faze sekrece
inzulinu). Obdobné mé pozitivni vliv na sekreci inzulinu iontova rovnovéha kalia a magnesia,
do niz RAS blokdda u¢inné zasahuje. Pokud by inzulin-senzitizujici ptisobeni ACEI a ARB
spocivalo predevsim v blokadé AII, mély by byt obé lékové skupiny stejné ucinné. To vsak
dosavadni vyzkum nepotvrdil a zda se, ze i jednotlivé ACEI a ARB maji odlisny metabolicky
potencial®. Slibné experimentalni zavéry se ale nedafi vzdy dolozit i pfi studiich s lidskymi
bunkami a tkanémi in vitro, v klinickych studiich in vivo a pfi intervenc¢nich studiich. To jen
doklada slozitost regulaci metabolismu na tirovni celého organismu. Zavéry in vivo studii jsou
bohuzel obtizné porovnatelné vzhledem k rozdilnym podminkédm a designu studii. Zavadéji-
cimi faktory mize byt davka a doba podéavani i druh ARB, studovana populace (etnikum,
zdravé versus inzulino-rezistentni osoby, diabetici, vékova skupina), metoda testovani IR (fada
studii hodnoti pouze inzulinémii, glykémii nalacno, pfipadné HOMA-IR nebo QUICKI-IR, mi-
nimum vysledkt pochazi z clampovych studii) 2°. Prvni hypotézy o zvysené utilizaci glukdzy,
zprostiedkované zlepSenim prutoku krve kosternim svalem po podani ACEI nebo ARB, se
v dalsich studiich nepotvrdily. Néktefi autori popisuji dokonce disociaci hemodynamickych
a metabolickych uc¢inktt AIl, kdy presorické davky AII zvysuji uptake glukézy®®. Diilezitym
mechanismem metabolickych a¢inki ACEI a ARB je interakce s inzulinovou signalni kaska-
dou. ATl vyuziva ve své signalni transdukei signélni proteiny inzulinové kaskady (PI3 kinaza),
a snizuje tak jeji aktivaci®®S”. Blokdda RAS usnadiiuje fosforylaci tyrosinu a IRS-1 a zvy-
suje aktivaci PI-3 kinazy. P1i lécbé ACEI nebo ARB neni vazodilatace doprovazena zvysenou
aktivaci sympatického nervového systému, naopak bylo zjisténo, ze hladiny cirkulujicich ka-
techolaminti jsou snizeny®®. Blokdda RAS déle stimuluje diferenciaci adipocyt®, ktera brani
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ektopickému ukladéani lipidit mimo tukovou tkan, ¢imz zlepsuje citlivost na inzulin. Pozitivni
ucinky ACEI jsou podle nékterych autort pripisovany spise zvysSeni hladiny bradykininu, a
tim i tvorby oxidu dusnatého (NO), ktery zvySuje perfuzi a moduluje transport glukézy ve
svalu®®%, Bradykinin rovnéZ podporuje fosforylaci IRS 1-4 a ndsledné translokaci receptoru
GLUT4 z cytosolu do bunééné membrany, coz umoznuje zlepseni inzulin-dependentniho od-
sunu glukézy do tkani. Vliv ARB na IR a metabolismus glukdzy je stale predmétem diskusi®.
Néekteré z ARB skupiny maji schopnost piimo aktivovat nuklearni receptory PPARry, zcela
nezavisle na signalizac¢ni kaskadé AIL. Bylo zjisténo, Ze telmisartan vzhledem ke své struktu-
ralni podobnosti s pioglitazonem tc¢inkuje jako parcialni agonista PPAR~y, ale nékteré recentni
prace poukazuji na PPAR~y nezavisly vliv telmisartanu na hladinu adiponektinu®®.

1.6.1 Inhibice RAS v kontextu vybranych hormonu tukové tkané
(adipokiny)

Tukova tkan je metabolicky a hormonalné velmi aktivni tkan a soucasné je hlavni zasobarnou
energeticky bohatych triglyceridi za lacnych podminek. Funkce tukové tkané je i regulacni a
endokrinni a je zdrojem celé fady bioaktivnich peptidii, tzv. adipocytarnich hormontd nebo
adipokint, rustovych faktort a cytokint, jejichz ucinek je lokdlni v ramci tukové tkané (au-
tokrinni/parakrinni) nebo systémovy (endokrinni). Soucasné produkuje prozanétlivé faktory
(adiponektin, interleukin-6 (IL-6) a interleukin-10 (IL-10) %2. V soudasné dobé je znamo vice
nez 50 adipokint, ale u vétsiny z nich dosud nebyla definovana fyziologicka a patofyziologicka
funkce. Dale je tukova tkan prostfednictvim exprimovanych receptorii zapojena v komunikaci
s jiz popsanymi hormonalnimi systémy i CNS a podili se tedy na koordinaci nejen energe-
tického metabolismu, ale i neuroendokrinnich a imunitnich funkci®®. Terapeutické ovlivnéni
metabolismu tukové tkané neni dosud mozné, protoze mnoho adipokin muze byt soucasné
pri¢innou i disledkem metabolickych procesti pri metabolickém syndromu, obezité a diabetu
mellitu®. Rovnéz neni zfejmé, zdali jsou nékteré adipokiny (napf. adiponektin, leptin, rezistin
atp.) patofyziologickym faktorem nebo markerem téchto metabolickych onemocnéni®®6¢.
Renin-angiotenzin-aldosteronovy systém (RAS). V tukové tkani byly identifikovany
vSechny slozky renin-angiotenzinového systému, ktery by mohl spojovat patogenezu obezity
a kardiovaskuldrnich chorob®. Produkce angiotenzinogenu, reninu (i renin-like aktivity), an-
giotenzin konvertujictho enzymu a AT 1 a AT 2 receptort byly zjistény v tukové tkani, resp.
diferencujicich se adipocytech®?5” Tukova tkan je hlavnim extrahepatalnim zdrojem angio-
tenzinogenu a vyznamné prispiva ke zvyseni jeho celkové hladiny, a tim i k rozvoji hypertenze
u obéznich 0sob®. Adipocyty rovnéZz exprimuji oba typy receptortt pro AIL. (AT1R a AT2R).
AII inhibuje parakrinné diferenciaci adipocytii u ¢lovéka® a podle nékterych autorii koreluje
aktivita ACEI v tukové tkani negativné s inzulinovou senzitivitou™. Signalni transdukce AII
je zprostfedkovana signalnimi proteiny, které jsou sdileny se signalizaci inzulinu (PI3-kinéza,
Akt kindza) 57. Podle nékterych nazorti, by pravé tukova tkail mohla byt primarnim zdrojem
latek, které by se systémové mohly podilet na rozvoji hypertenze u obéznich jedincii.
Leptin je produktem ob genu, jehoz zdrojem jsou vyhradné adipocyty. Uplatiiuje se v regulaci
mnozstvi zasobniho tuku, snizuje pfijem potravy, zvysuje vydej energie a mé pozitivni efekt
na ¢inek inzulinu®. Regulace piijmu potravy probiha v hypothalamu, kde leptin stimuluje
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anorexigenni peptidy (napf. proopiomelanokortin) a inhibuje orexigenni peptidy (neuropeptid
Y nebo agouti protein). Déle prostfednictvim zvySené oxidace mastnych kyselin brani ekto-
pické akumulaci tuku v jatrech a svalech”™ a ovliviiuje proteiny inzulinové signalni kaskady™.
Produkce leptinu klesd béhem hladovéni, i¢cinkem katecholamint nebo TNF«a a naopak je
stimulovana pii sytosti a t¢inkem inzulinu™. Pocatecni slibné vysledky z experimentalnich
studii, kdy substituce leptinu u 0b/0b (leptin-deficitnich) mysi vede ke snizeni IR a télesné
hmotnosti, nebyly zopakovany u jedinci bez deficitu leptinu. Je popsan vsak fenomén lepti-
nové rezistence™, jehoZ podklady nejsou objasnény (s vyjimkou vzacné mutace leptinového
receptoru). Vyznam leptinu v patogenezi metabolického syndromu neni stéle i pfes mnoho
experimentalnich praci doresen.

Adiponektin je pravdépodobné multifunkéni inzulin-senzitizujici glykoprotein, ktery je ex-
primovéan specificky v tukové tkani a uvoliiovan do cirkulace ve vysokych koncentracich (5-
10 pg/ml) ™. Je popsano, 7ze tcinek adiponektinu je antiaterogenni i protizanétlivy, kdy
snizuje expresi adhezivnich molekul a proliferaci bunék hladké svaloviny za soucasné suprese
konverze makrofagt do pénovych bunék”. Adiponektin piimo stimuluje ¢inky inzulinu v jat-
rech, snizuje jaterni glukoneogenezi, snizuje aktivitu enzymi lipogeneze ve prospéch oxidace
mastnych kyselin, ma antiaterogenni t¢inky a zlep$uje uptake glukézy do kosterniho svalu®3.
Molekuly adiponektinu vytvareji homotrimery, které dale asociuji ve vétsi multimerické kom-
plexy. V séru mtzeme detekovat nizkomolekularni (LMW) oligomery (trimery a hexamery) a
vysokomolekularni (HMW) multimery, mezi nimiz je nejaktivnéjsi HMW forma. Jsou znédmy 2
typy receptort pro adiponektin, které aktivuji AMP-kindzu (adenosin monofosfat-aktivovana
proteinkindza): AdipoR1 je exprimovan zejména v kosternim svalu a AdipoR2 zprostied-
kuje ucinky adiponektinu v jatrech. Snizené hladiny adiponektinu jsou popsany v souvislosti
s inzulinovou rezistenci, obezitou, diabetem 2. typu, aterosklerézou, hypertenzi a ischemic-
kou chorobou srde¢ni®*. Recentni klinické studie poukazuji na positivni vliv inhibice RAS na
hladiny plazmatického adiponektinu pii pouziti blokddy ABR telmisartanem™~3!. U nemoc-
nych s diabetem 2. typu je podavani PPAR~y agonistti (TZD) spojeno se zlepSenim inzulinové
senzitivity a zvySenim sérovych hladin adiponektinu®?. Dosud vSak neni objasnéno, zda je
adiponektin hlavnim mediatorem senzitizujicich uc¢inkt TZD, stejné jako neni jasné, zdali je
adiponektin markerem ¢i latkou, ktera se podili v patogenezi.

Rezistin je peptid produkovany diferencujicimi se adipocyty, ktery byl dalsim kandidatem na
spojujici faktor mezi IR a obezitou. Vyssi plazmaticka hladina je spojena s vys$sim rizikem di-
abetu 2. typu®. Rezistin zhorsuje glukézovou homeostazu a indukuje IR zejména v jatrech®:.
Dalsi studie u experimentalnich modeld a u lidi vsak ptvodni hypotézu nepotvrdily, zavéry
nejsou jednoznacéné® 87, Mysi rezistin je exprimovan zejména v tukové tkani, zatimco u lidi
je exprese v adipocytech signifikantné nizsi a vyznamnéjsimi zdroji jsou zejména mononuk-
learni buiitky nebo endotel®®. Receptor pro rezistin, jeho signalni kaskada a biologické téinky
nebyly dosud spolehlivé objasnény. Klinické studie u lidi na rozdil od experimentalnich mo-
delit neprokazuji jasnou spojitost mezi rezistinem, IR nebo obezitou. Pri¢inna spojitost mezi
rezistinem a patogenezi metabolického syndromu nebyla dosud potvrzena, stejné jako nebyl
prokazan efekt 1écby ABR na hladinu rezistinu.

Tumor necrosis factor a (TNF«) je znam jako multifunkéni regulac¢ni cytokin, ktery hraje
roli v zanétu, apoptdze, cytotoxicité, produkei dalsich cytokini (interleukin 1 a 6) a také indu-
kuje inzulinovou rezistenci®®. Jeho zdrojem jsou adipocyty i butiky stromo-vaskularni frakce®.
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V tukové tkani jsou exprimovany oba typy receptori pro TNFa: typ I a typ II, jejichz solu-
bilni formy jsou uvolnovany do cirkulace a jsou odrazem aktivace TNFa. TNFa je zvysené
exprimovan v tukové tkani obéznich pacient@®, redukce hmotnosti snizuje jeho hladiny®!.
Experimentalni data opét slibné dokladala ilohu TNF« pri rozvoji IR: neutralizace TNF«
protilatkami zvysuje inzulinovou senzitivitu, geneticky modifikované mysi s chybéjicimi geny
pro TNFa nebo jeho receptory nejsou inzulino-rezistentni®?. U lidi v8ak vysledky studii nejsou
jednoznacné. Sérové koncentrace TNFa jsou ve srovnani s tkanovymi koncentracemi velmi
nizké, donedavna na hranici rozliSovaci schopnosti dostupnych metod (RIA, ELISA). Jedno-
zna¢ny vztah mezi hladinami cirkulujictho TNFa a IR nebyl prokazan®®, podavani protilatek
neutralizujicich TNFa nezménilo citlivost k téinku inzulinu®®. Soudi se tedy, ze TNFa ovliv-
nuje IR lokélné (parakrinné) v dané tkani, a to nékolika moznymi mechanismy. Vstupuje do
interakce s inzulinovou signalni kaskadou, kde snizuje tyrosin-kinazovou aktivitu a fosfory-
laci IRS. Déle TNF«a stimuluje lipolyzu a uvoliiovani NEMK z adipocytii a snizuje expresi
adiponektinu, genti nutnych pro vychytavani a ukladani NEMK, suprimuje transkrip¢ni fak-
tory adipogeneze a lipogeneze®%. Bylo zjisténo, Ze inhibi¢ni G¢inek TNFa na inzulinovou
signalizaci je do uréité miry antagonizovan TZD%. TNF« sice ovliviiuje fadu metabolickjch
pochodt, jeho pifimy endokrinni efekt je vSak zfejmé méné vyznamny nez nepiimy ucinek,
vychazejici z parakrinni modulace NEMK a adipokini®®. Blokdda RAS a pokles plazma-
tické hladiny TNFa nebyla zatim v humannich studiich jednoznac¢né potvrzena, zatimco v
experimentalnich datech je popsin napiiklad vliv telmisartanu na sniZeni tvorby TNFa®.
Dosavadni klinické vysledky testujicich ARB jsou spiSe charakteru mirného zlepseni metabo-
lického profilu, inzulin-senzitizujici i¢inek telmisartanu a losartanu by jisté mél byt ovéren
dalsimi klinickymi studiemi, nejlépe s pouzitim clampové techniky, ktera je zlatym standar-
dem pro testovani IR in vivo. Dosud tedy neni jednotnost v nazorech na terapeutické pouziti
ARB a ACE v ovlivnéni inzulinové senzitivity a dalsich parametrti metabolického syndromu a
diabetes mellitus®®". Studie jsou provedeny na rtiznych souborech nemocnych a nelze v sou-
casné dobé konstatovat, ze inhibice RAS systému vede k jednoznacnému zlepsSeni inzulinové
senzitivity®. Vliv ARB na poruchy substratové utilizace pii IR nebyl jednozna¢né klinicky ani
experimentalné dosud zhodnocen. Zatim neni mozné podporit doporuceni pro ,metabolickou
lécbu“ ARB. Potencialni mechanismy, kterymi by mohly ARB a ACEI byt zodpovédné za
antiaterogenni ucinek, jsou:

1. vliv na inzulinovou signaliza¢ni kaskadu, zlepseni inzulinové senzitivity,
2. vliv na zlepseni pritoku krve tkanémi,

3. snizeni oxidac¢niho stresu a protizanétlivé ucinky,

4. snizeni sympatické aktivity,

5. vliv na adipogenezu, snizeni hladiny mastnych kyselin a triacylglycerol, zvyseni,
inverzniho transportu cholesterolu, zvyseni HDL cholesterolu,

6. snizeni krevniho tlaku.
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Kapitola 2

Cile disertacni prace

V poslednich letech doslo k velkému rozvoji poznatkt o IR a privodnich poruchach metabo-
lismu sacharidt a lipidii. Je tfeba dalsich studii s cilem objasnit, zdali intervence vedouci ke
snizeni inzulinové rezistence vedou ke zlepseni abnormalnich metabolickych cest pfi inzulinové
rezistenci. Rozpoznani patofyziologickych mechanismi je zdkladem pro moznou racionalni in-
tervenci. Jednim z moznych projevi IR by mohl byt jiz zminény fenomén tzv. metabolické
flexibility, resp. inflexibility, ktery by mohl byt vyznamny v patogenezi metabolického syn-
dromu a diabetu mellitu. Jak bylo popsano v tivodni c¢asti disertacni prace, vétsina studii
byla provedena u obéznich a diabetikt 2. typu. Klicovou otazkou vsak zlistava, jak obézni a
diabetici ztraceji tuto schopnost a jak ji lze ovlivnit terapeuticky. V této souvislosti se nabizi
slibna lécba ACEI a ARB, ktera by mohla prostfednictvim PPAR~ zlepsit zminéné meta-
bolické odchylky. Vzhledem ke slozitosti celého systému neni dosud plné objasnéna pfi¢inna
souvislost mezi jednotlivymi poruchami. Konkrétni cile disertacni prace

1. Testovat vyznam metabolické inflexibility u diabetikii 1. typu, (Studie ¢.1)
Hypotéza. Predpokladame, Ze u skupiny diabetiki 1. typu nalezneme poruchu metabolické
flexibility, kterd bude ve vazbé s mirou inzulinové rezistence.

2. Zhodnotit metodiku provadéni hyperinzulinového euglykemického clampu v kombinaci s
nepirimou kalorimetrii u nemocnych s diabetes mellitus 1. typu a pfitomnou IR a nalézt
optimalni ¢asovani sbértt moce. (Studie ¢. 2)

Hypotéza. Predpokladdme, Ze nalezneme vyznamné cirkadialni kolisani v odpadech urey
a k hodnocent odpadu proteint béhem clampu bude vyuzZitelny nocni sbér moce.

3. Sledovat vliv inhibice RAS s pouzitim ARB telmisartanu na inzulinovou rezistenci a
hladiny vybranych adipokint v plazmé a jejich exprese podkozni tukové tkani u nemoc-
nych s poruchou glukézové homeostazy pri metabolickém syndromu v 3 tydny trvajici
randomizované, placebem kontrolované a zkiizené studii (Studie ¢. 3).

Hypotéza. Podavani telmisartan povede ve srovndni s placebem k poklesu IR a vyznam-
nym zmendm ve vybranych adipokinech. Tyto zmeény budou korelovat se zménami v
ucinku inzulinu.
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Kapitola 3

Metodika, vysledky a diskuse
k jednotlivym studiim

3.1 Studie ¢. 1 Vyznam metabolické inflexibility
u diabetiki 1. typu (pfiloha €. 1)

Problematika metabolické flexibility, presmyku mezi zvySenou oxidaci lipidii a jejich zvySenou
utilizaci za podminek nalacno a jejich naslednou supresi za podminek inzulin-stimulovanych a
soucasnym vzestupem metabolickych cest glukdzy byla fesena u diabetiktl 1. typu s pouzitim
kombinované metodiky hyperinzulinového euglykemického clampu a neptfimé kalorimetrie.
Studie je zaméfena na testovani mozné pritomnosti metabolické inflexibility u diabetikia 1.
typu béhem clampem navozené hyperinzulinémie. Do studie bylo zafazeno 11 diabetiki 1. typu
bez organovych komplikaci (tab. 3.1). Byl proveden 4-hodinovy 2-stuptiovy hyperinzulinovy
euglykemicky clamp (1 a 10 mU. kg~!.min"!) a provedena nepiiméa kalorimetrie pred clampem
(-45 min-0 min) a v priabéhu clampu 45 min na konci kazdé periody clampu. Podrobnéji viz
priloha ¢. 1. V tabulce 3.1 je uvedena charakteristika souboru.

| | C(n=11) |DM (n=11) |

vek (roky) 28,72 + 2,10 | 32,18 + 5,72
BMI (kg/m?) 98,72 + 2,10 | 24,36 + 2,15
Triacylglyceroly (mmol.L 1) 1,11 £ 0,76 | 0,77 + 0,40
Celkovy cholesterol (mmol.L 7)) | 4,11 &+ 0,88 | 4,23 + 0,59
HDL-cholesterol (mmol.L. ™)) 1,12+ 042 | 1,67 + 0,29
HBAlc (%) (DCCT) 1,82 £ 027 | 7,07 + 1,347
Dévka inzulinu (IU/den) 0 36 £ 9,8

Statisticka vyznamnost: *** p < 0,001

Tabulka 3.1: Charakteristika souboru.
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Vysledky a diskuze

V nasi studii jsme ve shodé s dalsimi autory potvrdili pfitomnost inzulinové rezistence u dia-
betikti 1. typu (obrazek 3.1)*®. Metabolicka clearance glukdzy byla u diabetikti signifikantné
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Obréazek 3.1: Metabolicka clearance glukézy (MCRaLUsubmax @ MCRGLUmax) béhem dvou-
stupriového euglykemického clampu u diabetiki 1. typu (DM1) oproti zdravym jedincim (C).
Statistickd vyznamnost: **p < 0.01.

nizsl ve srovnéani se zdravymi jedinci. La¢na (bazalni) oxidace lipid byla vy$si u diabetik
proti zdravym kontrolam a pretrvavala vyssi i za podminek hyperinzulinového euglykemického
clampu. Béhem inzulin-stimulovanych podminek nedochazi k soucasnému vzestupu oxidace
glukézy a snizeni oxidace lipidi u inzulin-rezistentnich jedincii (obrazek 3.2). Respiracni ko-

Oxidace glukdzy Oxidace lipidu

mg/kg/min mg/kg/min
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Obrazek 3.2: Zmény oxidace glukdzy a lipidia u diabetikia 1. typu (H) a zdravych jedincii
(#) za bazalnich podminek (B) a béhem dvoustupriového euglykemického hyperinzulinového
clampu pfi rychlosti podavani inzulinu 1 (I) a 10 mU/kg.min (II). Statistickd vyznamnost:
*p < 0,05, **p <0,001.

eficient (RQ) jako ukazatel substratové utilizace byl u diabetikti 1. typu rovnéz nizsi nez u
zdravych osob, a to jak za podminek bazilnich tak laénych (obrézek 3.3). Suprese lipidové
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Obrazek 3.3: Zmény RQ v pribéhu clampu u diabetikt 1. typu (M) a zdravych jedinct () za
bazélnich podminek (B) a béhem dvoustupriového euglykemického hyperinzulinového clampu
pfi rychlosti podavani inzulinu 1 (I) a 10 mU /kg.min (II). Statistickd vyznamnost: *p < 0,05
L= < 0,001,

oxidace byla vyssi v periodé 1 clampu a persistovala i v druhé periodé clampu pii vyssi in-
zulinémii, rovnéz i absolutni hodnota oxidace lipidu byla vyssi u diabetiki. Nase vysledky
poukazaly na skutecnost, ze lipidy jsou predominantnim zdrojem energie u obou skupin, ale
za podminek hyperinzulinemie (postprandialni) oxidace lipidu ztstévala vyssi v souboru di-
abetikti 1. typu. Podle nékterych autorti je metabolicka inflexibilita moznou dalsi soucasti
fenotypu inzulinové rezistence!?1°.

Zavér

Nase prezentovana a publikovana studie prokazala jako prvni pritomnost metabolické inflexi-
bility u diabetikt 1. typu, ktera zatim byla popsana pouze u obéznich jedincti a diabetikt 2.
typu'®. V pritbéhu clampového vysetieni byl nalezen u diabetikt 1. typu se sekundarni inzu-
linovou rezistenci mensi vzestup RQ a nedostatecny vzestup oxidace glukézy ve srovnani se
zdravymi jedinci. Dale byla nalezena vyssi jak la¢né, tak inzulinem-stimulovana oxidace lipid.
Pravé porucha suprese oxidace lipidti je povazovana za jeden z moznych faktort vedoucich ke
zvysené akumulaci triacyglyceroli a mastnych kyselin do jinych tkani, zejména do kosterniho
svalstva. Pivodni Randleova teorie byla zaméfena na vyznam mastnych kyselin v patogenezi
IR a spocivala na kompetici energetickych substrati, ktera ve svém diisledku vedla k IR, V
soucasné dobé je Randletiv cyklus zpochybnén za podminek IR a pozornost je vénovana roli
tukové tkané, zejména ektopické akumulaci lipidd. V tomto mechanismu miize byt dulezita ne-
rovnovaha mezi oxidaci lipidia a glukdzy, tedy metabolicka inflexibilita. Tato souvislost miize
hrat viyznamnou tlohu a ve svém dfisledku by se mohla podilet i na zhor$eni t¢inku inzulinu.??.
U obezity spojené s IR se projevy metabolické kapacity projevuji spise smérem k reesterifi-
kaci nez k oxidaci mastnych kyselin, tedy problematika metabolické inflexibility by mohla
u diabetikii 1. typu byt odligna!®’. Dosud neni plné potvrzeno, Ze porucha v metabolismu
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mastnych kyselin u obéznich je jednou z primarnich zmén, nebo je dusledkem. Vyznamnym
zavérem je nutnost dale testovat tuto problematiku na vétsich souborech, zejména v kontextu
lécby diabetu, napt. parcialnimi nebo totalnimi agonisty PPAR~y receptorii - thiazolidindiony
(TZD)11:192 Dojde-li ke zlepseni substratové utilizace pti 16¢bé TZD, pak by mohla byt zlep-
Sena metabolickd situace diabetikii, a tim zabranit nékterym patofyziologickym jeviim (napft.
akumulaci lipid v kosternim svalstvu, vyssim hladinam triacylglycerolti, zlepSeni citlivosti na
inzulin atp.), které se mohou podilet na chronickych komplikacich pti diabetu mellitu. Rovnéz
je nutné spojit hodnoceni této problematiky ve vztahu genotyp/fenotyp, nebot nehomogenita
jedinci ve fenotypickych projevech mtize byt pii interpretaci vysledkt zavadéjici.

3.2 Studie ¢. 2: Hodnoceni metodiky hyperinzulinového
euglykemického clampu u nemocnych s diabetem
mellitem 1. typu a pritomnou inzulinovou rezistenci
(priloha ¢. 2)

Hyperinzulinovy euglykemicky clamp v kombinaci s nepfimou kalorimetrii se pouziva k méreni
substratové utilizace a k odliseni metabolismu glukézy na oxidativni a neoxidativni cestu!"23.
Bézné se nepriméa kalorimetrie pii hyperinzulinovém euglykemickém clampu provadi pred za-
hajenim clampu (bazalné), v pribéhu a na konci clampu. Sbér moci a jeho pfesnost je i
vyznamnym parametrem presného méfeni utilizace zivin, protoze oxidace jednotlivych sub-
stratl se nejcéastéji odvozuje z méfeni odpadii dusiku urey do moci?!. Variabilita vylucovani
urey je ovlivnéna dennim prijmem, predevsim pak energetickou situaci organismu, funkci
ledvin a stavem hydratace. Béhem hyperinzulinového euglykemického clampu je navozenim
hyperinzulinémie ovlivnéno nejen vylucovani urey, ale také diuréza, distribuc¢ni prostor urey
(pokles sérové koncentrace urey) a clearance urey. Zmény vylu¢ovani urey je nutno korigovat
na zmény sérové koncentrace urey. Tato vypocitana hodnota se pouziva k méreni substratové
oxidace nepiimou kalorimetrii??. Neni-li provedena korekce, je vysledna oxidace proteinti nad-
hodnocena a vypoctend oxidace sacharidt a lipidt nizg$i*?. Studie je zaméiena na hodnoceni
metodiky hyperinzulinového euglykemického clampu u diabetikt 1. typu s ohledem na méteni
odpadti dusiku urey do moci za podminek inzulinové rezistence k hodnoceni substratové uti-
lizace, konkrétné evaluace oxidace proteini. Hyperinzulinovy euglykemicky clamp a nepiima
kalorimetrie se pouziva k hodnoceni metabolismu energetickych substrati. Presné definovana
metoda je podminkou spravné interpretace za riznych patologickych stavi. Cilem nasi studie
bylo zhodnoceni vlivu a) akutni hyperinzulinémie na vylucovani urey a oxidaci proteinti u
diabetiki 1. typu, b) zdali je u diabetiki 1. typu pfitomen cirkadidlni rytmus vylucovani urey
a c) je-li mozné nahradit komplikovany sbér moc¢i béhem clampu jinym moznym sbérem ze
sbéri v prubéhu 24 hodin k hodnoceni substratové utilizace

Vysledky a diskuze

V nadi studii a) jsme prokéazali inzulinem-indukovanou zménu distribuéniho prostoru urey u
diabetikt 1. typu, kdy lze pouzit jen hodnotu urey, ktera je korigovana na distribuc¢ni prostor.
Tento nalez je v souladu s piedchozim testovanim na zdravych jedincich??. Hyperinzulinémie
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signifikatné snizuje korigované hodnoty urey v obou skupinach, ale ve skupiné diabetiki je
pokles mensi, a navic pfi shodné mite proteinové oxidace (tab. 3.2). Tyto nélezy svéd¢i pro
nedostatecnou supresi proteolyzy u diabetiki 1. typu a mohou implikovat hypotézu, Ze je u di-
abetikl 1. typu pfitomna porucha tc¢inku inzulinu v proteinovém metabolismu, vzestup sérové
koncentrace urey, lze je parcialné vysvétlit inzulinovou rezistenci nebo objemovou zatézi, ktera
byla u obou skupin vSak stejna. Vzhledem k poruse v metabolismu glukézy mize byt tedy
pfitomna déle abnormalni odpovéd na piisun proteint, jak ukazala prace*! dokladajici vyso-
kou miru postprandialni produkce urey. V nasem testovani jsme nehodnotili jaterni produkci
glukdzy, ale je znamo, Ze klesa o vice nez 90 % pfi inzulinémii vétsi nez 50 pU/ml u zdravych
jedinct, ale i diabetikil 1. typu!®. Limitaci nasi studie je skutecnost, Ze nebyly pouZity izoto-
pové techniky, které jsou povazovany za piesnéjsi v hodnoceni proteinového metabolismu*!104,
b) Dalsim cilem naseho testovani bylo hodnoceni pfitomnosti cirkadidlniho rytmu u diabe-

Perioda C DM1
(mmol/24 hod) | (mmol/24 hod)

UE Bazalni 412 + 125 412 + 216

UE Perioda 1 | 462 £ 157 686 + 228°

UE Perioda 2 | 436 + 138 522 + 162°

UEc Perioda 1 | 240 + 1704 374 £+ 187%¢

UEc Perioda 2 | 219 + 122¢¢ 274 + 165%¢4

Statistickd vyznamnost: a, p < 0,05; DM1 vs C, b, p < 0,01;
UEc perioda 2 vs UE bazalni, d, p < 0,001; UEc perioda 1 vs UE Perioda 1, UEc Perioda 2 vs UE Perioda 2.

Tabulka 3.2: Vyluc¢ovani urey pred (bazélni) a v pribéhu dvoustupniového hyperinzulinového
euglykemického clampu v ¢ase 0 a 120 minut (Perioda 1) a v ¢ase 120 do 240 minut (Perioda
2) pted (UE) a po korekei na distribu¢ni prostor urey (UEc) u zdravych jedinct (C) (n=11)
a diabetiki 1. typu (DM1) (n=11).

tikt 1. typu (tab 3.3) Nebyl nalezen signifikantni rozdil v cirkadidlnim rytmu mezi zdravymi
jedinci a diabetiky 1. typu. Dosud publikované studie jsou vSak kontroverzni. Steffe a spol. ve
své praci prokéazali pritomnost cirkadialnich rytmi u zdravych jedincti, vysvétleni popsaného
jevu dosud nemé patofyziologicky definovany podklad. Vylucovani urey je velmi vyznamné
ovlivnéno p¥{jmem proteind, ktery byl v nasi studii shodny v obou skupinach*?.

ZAvér

Z nasi prace vyplyva, ze k hodnoceni substratové utilizace u diabetikt 1. typu nelze nahradit
sbér moc¢i béhem hyperinzulinového euglykemického clampu sbérem za 24 hodin, stejné jako
nelze sbér bazalni (6:00-9:00) pouzit béhem clampu a je tedy nutné provadét sbéry moce k
hodnoceni vylucovani urey ve vsech periodach clampu. Komplikovany sbér v prtibéhu clampu,
ktery je zatizen chybou sbéru, nelze nahradit sbérem jinym, a proto je nadale nutné béhem
clampu provadét tento sbér. Pokud u diabetikti 1. typu, ale i u zdravych jedinci, provadime
v prubéhu clampu nepfimou kalorimetrii, pak je pro kalkulaci oxidace proteint tieba mérit
odpady urey v moci, ktera byla sbirdna béhem clampového vysetieni, a neni mozné pouzit
sbér moce za 24 hodin. Problematika hodnoceni vylu¢ovani urey je velmi slozité, nebot re-
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Hodiny (perioda) | C DM1
(mmol/24 hod) | (mmol/24 hod)

24 hod. 470 £+ 140 452 £ 64

06 - 09 (I) 479 £ 134 431 £ 180

09 - 12 (II) 010 + 213 423 £ 172

12 - 15 (III) 477 £+ 229 428 £ 121

15 - 18 (IV) 474 £ 274 925 £ 102

18- 21 (V) 576 £ 273 164 £ 135

21- 24 (VI) 499 £ 103 503 £ 100

24 - 06 (VII) 436 £+ 125 369 £ 108

Rozdily mezi DM1 a C nejsou statisticky vyznamné.

Tabulka 3.3: Cirkadialni hodnoceni vylu¢ovani urey (UE) u kontrolniho souboru C (n=11) a
diabetiki 1. typu.

absopce urey je pasivnim procesem zavislym na resorpci vody, ktera je dale v zavislosti na
gradientu v renalnich tubululech. Béhem hyperinzulinového euglykemického clampu mohou
nastavat zmény v diuréze, distribu¢nim prostoru urey a jeji clearance, které mohou mit vliv
na hodnoceni substratové utilizace. Za téchto podminek dochazi k navyseni celkového vylu-
¢ovani dusiku o 47 % prevazné mechanismem zvySené clearance urey*. Popsané jevy mohou
nabyvat na vyznamu, zejména pfi kratkodobych clampovych vySetienich®>. Navic zvysené
koncentrace inzulinu mohou mit natrium-reten¢ni efekt, a tim mohou ovliviiovat objem moci,
ale i clearance urey'?. Dalsim vysledkem nasi studie bylo neprokazéni denniho (diurnélniho)
rytmu vylucovani urey u diabetikt 1. typu ani u zdravych jedinct.Tento nélez je odlisny proti
nékterjch publikovanym studiim®%*2. Vyznam popsaného diurnalniho rytmu u zdravych je-
dincti nebyl dosud definovan. Je dolozeno, Ze prijem proteind je faktorem, ktery vyznamné
modifikuje vylu¢ovani urey. V nasi studii byl p¥isun proteinti v obou skupinach shodny*2.
Hyperinzulinémie signifikatné snizuje korigované hodnoty urey v obou skupinach, ale ve sku-
piné diabetiki je pokles mensi, a navic pti shodné mire proteinové oxidace. Nalez poukazuje
na poruchu ucinku inzulinu v proteolyze u diabetikti 1. typu. Vysledky implikuji hypotézu,
ze za podminek inzulinové rezistence je soucasné pritomna porucha v proteinovém meta-
bolismu. Vliv inzulinu na oxidaci proteinti je stale kontroverzni, nékteri autofi popisuji, ze
inzulin redukuje oxidaci proteint i produkei urey u zdravych jedinct®™19%197 Nage vysledky
vliv hyperinzulinémie na oxidaci proteinii neprokazaly. Zda je pri¢inou IR, nelze z nasi stu-
die jednoznacné konstatovat. Z prace vyplyva potieba dalsich studii, které by dale danou
problematiku pro hodnoceni substratové utilizace v pribéhu clampovych testovani umoznily
zpfresnit.
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3.3 Studie ¢. 3: Vliv RAS inhibice pouzitim blokady
angiotenzin II typ 1 receptoru telmisartanem u ne-
mocnych s porusenou la¢nou glykémii pri metabo-
lickém syndromu (pfiloha ¢. 3)

Dosud chybi jasné ditkazy o ucinku telmisartanu na inzulinovou sensitivitu, metabolismus
glukdzy a lipidit v huméannich studiich ve srovnani s experimentalnimi daty. Telmisartan se
jevi jako nejucinnéjsi agonista PPAR~y ze skupiny ARB*%®. Vyhodou je, Ze tento tcinek je
zprostfedkovan jiz bé&Znymi terapeutickymi davkami oproti losartanu!®®1%. In vivo ale chybi
dosud jasné a presvédcivé diikazy o ucinku telmisartanu na inzulinovou senzitivitu, metabo-
lismus glukdzy a lipidi. Zatim bylo publikovano nékolik malo studii, ve kterych se zlepsily
parametry lipidového metabolismu, kdy doglo k poklesu sérovych hladin lipida*% V publi-
kované studii''? doslo k signifikantnimu poklesu glykovaného hemoglobinu (HBalc) pti pouziti
relativné nizké davky telmisartanu (20 nebo 40 mg 1x denné) ve srovnani s candesartanem
(8 mg/den) a rovnéz byl dale shledan signifikatni pokles la¢né inzulinémie u diabetikid 2.
typul'?. Studie na 18 nemocnych s diabetem mellitem 2. typu lééenych derivaty sulfonylurey
a hypertenzi prokazala vzestup hladiny adiponektinu, pokles hs-CRP, la¢né inzulinémie a li-
pidu ve skupiné telmisartanu (40 mg/den) oproti skupiné lécenych valsartanem (80 mg/den)
a candesartanem (8 mg/den) 3. Problematika vlivu telmisartanu na zmény tkanovych a
plazmatickych adipokint je v poslednich letech intenzivné studovana. Recentni studie hod-
notila vliv telmisartanu (40 mg/den) proti olmesartanu hyperteznich obéznich jedinci. Vliv
obou lékt byl stejny na snizeni krevniho tlaku, lipidovy profil, ale telmisartan navic zlepsil
HOMA, snizil glykémii i inzulinémii a doslo k poklesu hladiny leptinu''*. V p¥ipadé leptinu
jsou data literarné kontroverzni obdobné jako v pripadé rezistinu. Telmisartan proti ostatnim
ARB i ACEI ve vétsiné studii zvySuje plazmatickou hladinu adiponektinu a zlepsuje inzuli-
novou rezistenci’®®H115= 17 Jedendct osob s metabolickym syndromem a porusenou la¢nou
glykémii dle (ATP III, IDF) bylo zatazeno do dvojité slepé, placebem kontrolované, randomi-
zované, cross-over studie, kdy byl po dobu tfi tydnt podévéan telmisartan (160 mg/den) nebo
placebo. Na konci kazdé testované periody byl proveden hyperinzulinovy euglykemicky clamp
(HEC) v trvani 120 minut (5 mmol/l, 1 mU. kg~'.min~!) a méfeni substratové utilizace ne-
pfimou kalorimetrii (bazalné : -45-0 min a béhem clampu: 75-120 min.). Inzulinova senzitivita
byla hodnocena jako metabolickéd clearance glukézy (MCR) a spotieba glukézy (M). Hladina
plazmatickych adipokinii byla stanovovana pred a v pribéhu hyperinzulinového euglykemic-
kého clampu v ¢asech (0, 30, 120 minut). Biopsie podkozni tukové tkané byla provadéna pro
hodnoceni exprese subkutannich abdominalnich adipokint v ¢asech (0 a 30 minut) clampu.
V tabulce 3.4 je uvedena charakteristika souboru.

Vysledky a diskuze

Nalezli jsme pokles la¢né glykémie a vzestup inzulinémie (p < 0.05) u skupiny s telmisartanem
oproti placebu (obrazek 3.4).

V nasem testovani nebyl nalezen statisticky vyznamny rozdil v mife inzulinové rezistence
a substratové oxidace. Nebyl dale nalezen rozdil v la¢nych koncentracich adiponektinu, re-
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vk (roky) 50,0 % 6,02
BMI (kg/m?) 20,0 + 4,37
Obvod pasu (cm) 104,6 + 7,8
Systolicky krevni tlak (mmHg) 133,0 + 12,0
Diastolicky krevni tlak (mmHg) 91,3 £+ 10,0
HbAlc (IFCC, %) 3,86 & 0,44
Celkovy cholesterol (mmol/1) 5,01 + 1,1
HDL cholesterol (mmol/1) 0,99 + 0,12
LDL cholesterol (mmol/1) 3,2 £ 1,22
Sérové triacylglyceroly (mmol/1) 271+ 14
Glykémie 120 min, oGTT (mmol/1) | 7,6 + 1,8
La¢né glykémie (mmol/1) 6,1 + 0,43

Tabulka 3.4: Charakteristika souboru (n=12).

zistinu, tumor necrosis faktoru o (TNFa) (obrazek 3.5), ale prekvapivé byla nalezena vyssi
koncentrace leptinu u skupiny s telmisartanem (obrézek 3.6). Inzulinem stimulované plazma-
tické koncentrace adiponektinu (p < 0.05) (obrazek 3.7), leptinu a rezistinu (obrazek 3.8)
(p < 0.001) byly zvySeny, zatimco doslo k poklesu TNFa (p < 0.05) u skupiny telmisar-
tanu. Podkozni exprese rezistinu byla sniZzena, ale byl nalezen vzestup leptinu po podavani
telmisartanu.

ZAvér

Placebem kontrolovana cross-over randomizovana studie prokazala pokles lacné glykémie, po-
kles krevniho tlaku, zatimco inzulinova senzitivita nebyla ovlivnéna, stejné jako substratova
utilizace. Pokles lacné glykémie nelze vysvétlit zlepsenim inzulinové senzitivity. Hlavnim néa-
lezem nasi studie je, ze kratkodobé podani vyssi davky telmisartanu 160 mg/denné vede
ke zménam plazmatickych a podkoznich adipokinti. Nase vysledky jako prvni poukézaly na
moznost, ze telmisartan by mohl byt efektivni v pribéhu hyperinzulinémie, ktera byla v
nasem testovani zvolena, tedy hladina inzulinu se podobd postprandidlni sekreci'18. Zmény
adipokinii, které jsme nalezli, nelze vysvétlit zménami adipokint v podkozni tukové tkani.
Zajimavym nalezem bylo, Ze kratkd doba (3 tydny) podavani vyssi nez bézné davky telmi-
sartanu (160 mg denné) jiz vede ke zménam v plazmatickych a podkoznich adipokinech bez
ovlivnéni inzulinové sensitivity ¢i substratové utilizace. Navic inzulinova sensitivita byla hod-
nocena zlatym standardem hyperinzulinovym euglykemickym clampem, zatimco ve vétsiné
studii byla pouzita technika HOMAM?. Vzestup bazalni (la¢né) koncentrace leptinu spolu s
inzulin stimulovanym vzestupem adiponektinu, leptinu a rezistinu pfi soucasném poklesem
TNF«a podporuje tedy eventualni moznou metabolickou aktivitu telmisartanu u nemocnych
s metabolickym syndromem a porusenou la¢nou glykémii. Z nasi studie nelze vyloucit vliv
telmisartanu na krevni prutok, a tim zlepSeni metabolickych parametrii. Krevni priitok nebyl
v nasi studii hodnocen. Studie nebyla urc¢ena k hodnoceni vlivu hyperinzulinémie na hodnoty
plazmatickych hladin a podkozni exprese adipokinti. Podle nékterych studii je prokazano, ze
inzulin per se miize zvysovat expresi nékterych adipokinti zahrnutych do mechanismt inzu-
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Obréazek 3.4: Vliv telmisartanu na hladiny lacného imunoreaktivniho inzulinu a plazmatické
hodnoty glykémie. Pro hodnotu la¢ného inzulinu (¢ast A) byla statistickd vyznamnost nasledu-
jict: Telmisartan: F=7.6: p =0.0224; Subject (inter-individual variability): F = 7.6: p =0.0029.
Pro la¢nou hodnotu glykémie (¢ast B), byla statistickd vyznamnost nasledujici: Telmisartan:
F = 8.8: p = 0.0129; Subject (inter-individual variability): F = 3: p = 0.0392.

linové senzitivity v tukové tkani''®. Vliv hyperinzulinémie v na$i studii nebyl prokdzan na
plazmatické koncentrace adiponektinu, leptinu a TNF«, ale byl nalezen vzestup plazmatické
koncentrace rezistinu. Tento nalez byl potvrzen i v dalsi nasi studii u zdravych jedinci stejné
jako v praci Heilbronna u obéznich jedincti bez diabetu mellitu!!?'2° V nagem testovani jsme
nalezli vzestup inzulinem stimulovany adiponektinu, zatimco v jinych studiich tento nalez
nebyl potvrzen!'®. Nase vysledky vSak podporuji teorii o potencidlnim metabolickém efektu
telmisartanu jako 1écby hypertenze a metabolického syndromu. Vzhledem k mensimu poctu
jedinci je nutné uskutecnit vétsi pocet studii, které by nase zaveéry podporily.
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Obrazek 3.5: Vliv telmisartanu a clampem-indukované hyperinzulinémie na plazmatické hla-
diny TNFa. Sekce A a D ilustruje vliv telmisartanu, sekce B a E demonstruje efekt clampem-
indukované hyperinzulinémie, zatimco sekce C a F ukazuje na interakci mezi telmisartanem
a hyperinzulinémii. Pro plazmaticky TNFa (sekce A - C) statistickd vyznamnost byla na-
sledujici : Telmisartan: F = 4.8: p = 0.0328; Subject (inter-individual variability): F = 2.7:
p = 0.0085; Hyperinzulinémie: F = 0.1: p = 0.8698; Telmisartan x Hyperinzulinémie: F =
0.4: p = 0.6489. Pro expresi TNFa (sekce D - F), byla statistickd vyznamnost nésledujici:
Telmisartan : F = 3.9: p =0.0591; Subject (inter-individual variability): F = 1.8: p = 0.1122;
Hyperinzulinémie: F' = 92: p <0.0001; Telmisartan x Hyperinzulinémie: F = 0.2: p = 0.6406.
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Obrazek 3.6: Vliv telmisartanu a clampem indukované hyperinzulinémie na plazmatické hla-
diny leptinu. Sekce A a D ilustruje vliv telmisartanu, sekce B a E demonstruje efekt clampem-
indukované hyperinzulinémie, zatimco sekce C a F ukazuje na interakci mezi telmisartanem
a hyperinzulinémii. Pro plazmatickou koncentraci leptinu (sekce A - C) byla statitisticka
vyznamnost nasledujici: Telmisartan: F = 7.6: p = 0.0079; Subject (inter-individualni varia-
bilita): F = 35.4: p <0.0001; Hyperinzulinémie: F = 0.1: p = 0.9256; Telmisartan x Hyperin-
zulinémie: F = 0.6: p =0.5664. Pro expresi leptinu (sekce D - F), byla statitistickd vyznamnost
nésledujici: Telmisartan: F = 2.4: p = 0.133; Subject (inter-individualni variabilita): F = 4.2:
p = 0.0012; Hyperinzulinémia: F' = 56.8: p <0.0001; Telmisartan x Hyperinzulinémie: F = 1:
p = 0.3357. *p <0.01, Tp <0.05.
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Obrazek 3.7: Vliv telmisartanu a clampem indukované hyperinzulinémie na plazmatické hla-
diny adiponektinu. Sekce A a D ilustruje vliv telmisartanu, sekce B a E demonstruje efekt
clampem- indukované hyperinzulinémie, zatimco sekce C a F ukazuje na interakci mezi tel-
misartanem a hyperinzulinémii. Pro plazmatickou koncentraci adiponektinu (sekce A - C),
byla statistickd vyznammnost nasledujici: Telmisartan: F = 0.9: p =0.3618; Subject (inter-
individualni variabilita): F = 14.9: p <0.0001; Hyperinzulinémie: F = 0.5: p =0.6317; Tel-
misartan x Hyperinzulinémie: F = 3.3: p =0.0429. Pro expresi adiponektinu (sekce D - F),
byla statistickd vyznamnost nasledujici: Telmisartan: F = 1.3: p = 0.2709; Subject (inter-
individualni variabilita): F = 6.4: p <0.0001; Hyperinzulinémie: F = 3.2: p = 0.0846; Telmi-
sartan x Hyperinzulinémie: F = 0.2: p = 0.6756. Tp <0.05.
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Obrazek 3.8: Vliv telmisartanu a clampem indukované hyperinzulinémie na plazmatické hla-
diny rezistinu. Sekce A a D ilustruje vliv telmisartanu, sekce B a E demonstruje efekt clampem-
indukované hyperinzulinémie, zatimco sekce C a F ukazuje na interakci mezi telmisartanem
a hyperinzulinémii. Pro plazmatickou koncentraci rezistinu (sekce A - C) byla statisticka vy-
znamnost nésledujici: Telmisartan: F = 9: p = 0.0043; Subject (inter- individualni variabilita):
F = 40.9: p <0.0001; Hyperinzulinémie: F = 18.1: p <0.0001; Telmisartan x Hyperinzuliné-
mie: F = 1.6: p =0.2033. Pro expresi rezistinu (sekce D - F) byla statistickd vyznamnost
nésledujici: Telmisartan: F = 1.9: p =0.1753; Subject (inter-individualni variabilita): F = 2.3:
p = 0.0382; Hyperinzulinémie: F = 10.5: p = 0.0029; Telmisartan x Hyperinzulinémie: F =
0.3: p =0.6116. **p <0.01, **p <0.001, **p <0.01.
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Kapitola 4
Zavéry disertacni prace

e Prokazali jsme, ze diabetici 1. typu maji pritomnou poruchu v substratové utilizaci ve
smyslu metabolické inflexibility. Nase studie jako prvni dolozila tento jev u uvedené
skupiny nemocnych.

e Prokézali jsme, ze nemocni s diabetem 1. typu maji poruchu proteolyzy pfi normalni
oxidaci proteint, coz by mohlo poukazovat na pfitomnost inzulinové rezistence v meta-
bolismu proteinii.

e 7 nasi prace vyplyva, ze pro hodnoceni substratové utilizace pomoci neptimé kalori-
metrie, kterou provadime v prubéhu euglykemického hyperinzulinového clampu, nelze
nahradit sbér moc¢i béhem clampu sbérem za 24 hodin, stejné jako nelze sbér bazalni
(6:00-9:00) pouzit béhem clampu. Je tedy nutné provadét sbéry moce k hodnoceni
vylucovani urey ve vSech periodach clampu. Komplikovany sbér béhem clampu, ktery
je zatizen chybou sbéru, nelze nahradit sbérem jinym a je nadale nutné proto béhem
clampu provadét tento sbér. Cirkadialni rytmus vylucovani urey nebyl u naseho souboru
diabetiki nalezen.

e Podéavani telmisartanuv davce 160 mg/den po dobu tii tydni sice neovlivnilo vyznamné
miru inzulinové rezistence, ale vedlo k vyznamnému poklesu glykémie a zménam ve
vybranych adipokinech. Vzestup bazalni (lacné) koncentrace leptinu spolu s inzulin-
stimulovanym vzestupem adiponektinu, leptinu a rezistinu pii soucasném poklesem
TNFa, ktery byl patrny za podminek stimulace inzulinem pii clampu, podporuje moz-
nou metabolickou aktivitu telmisartanu u nemocnych s metabolickym syndromem a
poruchou lacné glykémie.
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Kapitola 5

Souhrn

Inzulinova rezistence (IR) hraje zésadni roli v progresi aterosklerézy a je spojena s vyssi
kardiovaskularni mortalitou a morbiditou. IR v metabolismu glukézy je béznym nalezem u
diabetikft 2. typu a u obéznich jedincti. Radou autorti je IR stale povazovana za zékladni
z Tady klinickych, biochemickych a humoralnich odchylek, které souhrnné oznacujeme jako
metabolicky syndrom a do kterého dale zahrnujeme esencialni hypertenzi, dyslipoproteiné-
mii, visceralni obezitu, endotelovou dysfunkci a dal$i abnormality. Frekvence syndromu IR
u nediabetické populace v rozvinutych zemich dosahuje 25-30 %, coz predstavuje obrovsky
potencial pro moznou intervenci s cilem snizit kardiovaskularni morbiditu a mortalitu v po-
pulaci. Porucha tc¢inku inzulinu a IR je pfitomna i u diabetikt 1. typu a jeji vyznam neni
dostatecné zhodnocen. Dizertacni prace je zaméfena na problematiku IR u nemocnych s dia-
betem mellitem 1. typu a dale problematiku blokddy renin angiotenzinového systému (RAS) v
kontextu IR u nemocnych s metabolickym syndromem a poruchou glukézové homeostazy (po-
rucha glukézové tolerance ¢i zvysend glykémie na la¢no). K hodnoceni IR je pouzita metodika
hyperinzulinového-euglykemického clampu a nepiimé kalorimetrie, které umoznuji testovani
in vivo u ¢lovéka. V nasem projektu jsme se zaméfili na 1) posouzeni vyznamu metabolické
inflexibility u diabetiki 1. typu, 2) hodnoceni metodiky hyperinzulinového euglykemického
clampu u nemocnych s diabetes mellitus 1. typu a pfitomnou IR a 3) testovani vlivu inhibice
RAS s pouzitim blokatoru angiotenzin II. typ 1 receptoru (ARB) telmisartanu u nemocnych
s porusenou glukézovou homeostazou pii metabolickém syndromu. Vysledky disertacni prace
(studie ¢.1) ptispély k prikazu poruchy substratové utilizace u diabetik 1. typu - metabolické
inflexibility. Vyznam tohoto fenoménu nebyl a neni dosud zhodnocen, neni zatim provedena
zadna jina studie, ktera by testovala i mozné terapeutické ovlivnéni. Tento jev u uvedené sku-
piny dolozila nase studie jako prvni. Dalsim vysledkem (studie ¢. 2) nasi prace je zpfesnéni
metodiky hyperinzulinového euglykemického clampu v kombinaci s méfenim substratové utili-
zace nepfimou kalorimetrii u diabetikt 1. typu spolu s hodnocenim vylucovani urey moci. Pti
hodnoceni substratové utilizace pomoci neptimé kalorimetrie provadéné pii euglykemickém
hyperinzulinovém clampu nelze nahradit sbér moc¢i béhem clampu sbérem béhem ptedcho-
zich 24 hodin ani sbérem bazalnim (6:00-9:00). Ke spravnému hodnoceni vylucovani urey je
nutné provadét sbéry moce ve vsech periodach clampu i pres technickou naro¢nost a moznou
chybu sbéru. Cirkadialni rytmus vylucovani urey nebyl u naseho souboru diabetikl zjistén.
Prokazali jsme, ze nemocni s diabetem 1. typu maji poruchu proteolyzy pfi normalni oxidaci
proteinil, coz by mohlo poukazovat na pritomnost inzulinové rezistence v metabolismu pro-

30



teint. Posledni ¢ast diserta¢ni prace (studie ¢.3) byla vénovana problematice ,metabolické
lécby“ inhibici RAS, kdy jsme prokazali positivni vliv telmisartanu na vybrané adipokiny u
nemocnych s metabolickym syndromem a porusenou la¢nou glykémii, a tim podporili teorii o
mozném metabolickém uc¢inku telmisartanu v 1é¢bé metabolického syndromu. Podavani telmi-
sartanu v dévce 160 mg/den po dobu t¥i tydnii sice neovlivnilo signifikantné miru inzulinové
rezistence, ale vedlo k vyznamnému poklesu glykémie a zménam ve vybranych adipokinech.
Vzestup bazélni (laéné) koncentrace leptinu spolu s inzulin-stimulovanym vzestupem adipo-
nektinu, leptinu a rezistinu pii soucasném poklesu TNF« pii hyperinzulinémii pfi clampu
podporuje moznou metabolickou aktivitu telmisartanu u nemocnych s metabolickym syndro-
mem a poruchou lacné glykémie.
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Kapitola 6

Seznam pouzitych zkratek

IR = inzulinovéa rezistence

IRS 1-4 = inzulin receptor substance 1-4
PI3-kindza = fosfatidylinositol 3-kinaza
PKB/Akt = proteinkindza B

PKC = proteinkinaza C

GTP = guanozintrifosfat

Raf = cytoplazmaticka serin kinaza

MAP = mitogén aktivujici proteinkinaza
NEMK = neesterifikované mastné kyseliny

DAG = diacylglycerol

CPT = karnitin-palmitoyl-transferaza

HOMA = Homeostasis Model Assessment

RAS = renin-angiotenzinovy systém

ACEI = inhibitory angiotenzin konvertujicho enzymu
ARB = blokatory angiotenzin II typ 1 receptoru
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Inflexibility of Energy Substrate Oxidation in Type 1 Diabetic Patients
Petr Wohl, Pavel Wohl, Peter Girman, and Terezie Pelikanova

Obese, insulin-resistant patients have been shown to have metabolic inflexibility. The goal of this study was to examine the
effect of insulin administration on energy metabolism in lean, type 1 diabetic (DM1) patients. Eleven DM1 patients without
vascular complications and 11 healthy controls (C) were examined. We performed a 2-step hyperinsulinemic euglycemic
clamp (240 minutes; period 1: 1 mU - kg~" - min~" and period 2: 10 mU - kg~ - min~") combined with indirect calorimetry
during basal period B (B, —45 to 0 minutes), period 1, and period 2 of the clamp. The metabolic clearance rates of glucose
(MCR) were lower in DM1 compared with C in period 1 (12.54 = 3.38 v17.41 = 6.18 mL - kg™ ' - min~"; P < .02), as well as in
period 2 (21.63 + 6.47 v 26.61 = 4.45 mL - kg~ - min~"; P < .05). Basal respiratory quotient (RQ) was lower in DM1 compared
with C (0.72 = 0.04 v 0.75 = 0.04; P < .03). Insulin administration was accompanied by an increase in RQ in both groups, which
was lower in DM1 compared with C (period 1: +0.09 + 0.04 v +0.11 = 0.07; P < .001; period 2: +0.13 += 0.04 v +0.16 + 0.04;
P < .001). Glucose oxidation did not differ between the groups in period B; however, it was lower in DM1 compared with C
in periods 1(1.17 = 0.67 v3.28 + 1.11 mg - kg~ " - min™"; P < .003); and 2 (2.10 = 0.64 v3.28 + 0.93 mg - kg™ " - min~"; P < .009).
Lipid oxidation was higher in DM1 in all periods compared with C; period B (3.28 + 0.77 v1.16 = 0.55 mg - kg™ ' - min™"; P <
.001), period 1 (1.10 = 0.41 v 0.67 = 0.54 mg - kg~ ' - min~"; P < .05), and period 2 (0.99 + 0.29 v0.52 = 0.58 mg - kg~ - min~";
P < .01). The groups did not differ in protein oxidation. In conclusion, DM1 patients with secondary insulin resistance (IR) are
characterized by metabolic inflexibility manifesting itself by smaller increases in RQ and glucose oxidation after insulin

administration during the euglycemic clamp.
© 2004 Elsevier Inc. All rights reserved.

NSULIN RESISTANCE (IR) is considered to be a basic
abnormality underlying type 2 diabetes mellitus.t Although
IR is not a universal feature of type 1 diabetes mellitus (DM 1),
the secondary defect of insulin action has been described in
both poorly and adequately controlled DM 1 patients, aswell as
in DM1 patients with daily insulin requirements (35 + 2 U/d),
which would not clinically characterize them as being insulin
resistant.25 IR is characterized as a limited response of muscle
to stimulate glucose metabolism. Both glucose oxidation and
nonoxidative pathways are impaired in type 2 diabetes and also
in DM1.246
In lean healthy individuals, skeletal muscle displays substan-
tial metabolic flexibility, with an ability to switch from pre-
dominantly lipid oxidation and high rates of fatty acid uptake
during fasting conditions to suppression of lipid oxidation and
increased glucose uptake, oxidation, and storage under insulin-
stimulated conditions.”-10 A striking physiologic characteristic
of skeletal muscle is its metabolic flexibility expressed by a
high capacity to modulate rates of energy production, blood
flow, and substrate utilization.8-1°
Obese subjects showed lower lipid oxidation under fasting
conditions and greater lipid oxidation under insulin-stimul ated
conditions relative to the lean volunteers, but the absolute rates
of lipid oxidation remained fixed in obese subjects and type 2
diabetes.810 The failure to augment lipid oxidation during
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fasting conditions seems to be the key mechanism leading to
lipid accumulation within skeletal muscle, whereas increased
lipid stress that accumulates in muscle may, in turn, contribute
to insulin-resistant glucose metabolism through substrate com-
petition and other mechanisms.8 This metabolic inflexibility of
skeletal muscle is a clinically important feature of IR. Insulin-
deficient rat models of diabetes, as well as subjects with poorly
controlled DM1 patients, exhibit elevated rates of lipolysis,
increased plasma free fatty acids (FFAS) and triglyceride con-
centrations, elevated blood ketone bodies, and decreased respi-
ratory quotients (RQ).8-10 Whileit is generally accepted that the
rates of lipid oxidation are increased in obesity during insulin-
stimulated conditions and, indeed, impaired suppression of
lipid oxidation is a prominent manifestation of IR, much lessis
known about a potential link between fasting patterns of muscle
FFA tilization and IR. Another important consideration is
whether potential impairments within the pathways of fatty
acid utilization in skeletal muscle in obesity are primary defects
or arise after an individual has become obese.81° Randle et
a1t12 originaly proposed that the glucose/fatty acids fuel
competition cycle might be responsible for IR in diabetes.
Recent results suggest that the glucose/fatty acids cycle does
not fully explain the interaction between glucose and fatty acids
in insulin-resistant subjects.1011.13 Recent data indicate that
lipid accumulation in skeletal muscle or in various tissues is
probably more responsible for inhibiting insulin action.1415
Although DM1 patients express some degree of IR, there are no
data dealing with metabolic flexibility in these patients. The
aim of this study was to examine the effect of insulin admin-
istration on substrate metabolism in lean DM1 patients as
compared with healthy subjects during a 2-step hyperinsuline-
mic euglycemic clamp combined with indirect calorimetry.

SUBJECTS AND METHODS
Subjects

The study groups consisted of 11 men with DM1 without specific
diabetic vascular complications and 11 male healthy control subjects
(C) without a family history of diabetes mellitus, dydipidemia, and
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Table 1. Characteristics of Study Groups

C(n=11) DM (n = 11)
Age (yr) 28.72 +2.10 32.18 £5.72
BMI (kg/m?) 24.09 = 1.0 24.36 = 2.15
Triglycerides (mmol - L") 1.11 = 0.76 0.77 = 0.40
Total cholesterol (mmol - L™") 411 = 0.88 4.23 = 0.59
HDL-cholesterol (mmol - L™7) 1.12 + 0.42 1.67 = 0.29
HBA,; (%) 4.82 + 0.27 7.97 + 1.34%
Daily insulin dose (IU/d) - 36 +9.8

*P < .001.

other metabolic diseases. All subjects gave their informed consent with
the study protocol, which had been reviewed and approved by the local
ethics committee. Patients were instructed to adhere to their ordinary
lifestyle and avoid changes in food intake, alcohol consumption, and
exercise. Characteristics of the study groups are shown in Table 1. All
subjects were examined during a 3-day hospitalization while on a
standard diet regimen. Dietary intakes in our study groups were: 150 to
170 mmol/24 hr of sodium, 50 to 80 mmol/24 hr of potassium, 80 g/24
hr of proteins, 275 to 325 g/24 hr of carbohydrates and daily energy
intake 2,500 to 2,800 kcal/24 hr. A 2-step hyperinsulinemic euglycemic
clamp combined with indirect calorimetry was performed on day 3
after hospital admission.

Procedures

Hyperinsulinemic euglycemic clamp.  All studies were performed
after an 8- to 10-hour overnight fast. The 2-step hyperinsulinemic
euglycemic clamp, lasting 4 hours (period 1: 0 to 120 minutes and
period 2: 120 to 240 minutes) was conducted as previously de-
scribed.16 Briefly, a Teflon cannula (Venflon, Viggo Helsingborg,
Sweden) was inserted into left antecubital vein for infusion of all
test substances. A second cannula was inserted in the retrograde
fashion into a wrist vein of the same hand for blood sampling, and
a hand was placed in a heated (65°C) box to achieve venous blood
arterialization. A stepwise primed-continuous infusion (1 and 10
mU - kg™t - min~! of Actrapid HM; Novonordisk, Copenhagen,
Denmark) was administered to acutely raise and maintain the
plasma concentration of insulin at 75 and 1,400 pU/mL. Decreases
in serum potassium concentrations during insulin infusion were
prevented by coinfusion of potassium chloride with glucose (60
mmol/L KCI/L of 15% glucose). Plasma glucose concentrations
during the clamp were maintained at 5 mmol - L~ by continuous
infusion of 15% glucose. Arterialized blood plasma glucose con-
centration were determined every 5 to 10 minutes. Before the clamp,
only diabetics with fasting plasma glucose levels below 6 mmol/L
were included into the study, and no glucose was infused until
plasma glucose had decreased to the desired level.

Indirect calorimetry.  Substrate utilization and energy expendi-
ture (EE) measurements were made in either group by indirect
calorimetry.l” Gas exchange measurements were taken during a
45-minute basal period and during the final 45-minute periods of the
2 insulin-infusion steps. A transparent plastic ventilated hood was
placed over the subject’s head and made airtight around the neck. A
slight negative pressure was maintained in the hood to avoid loss of
expired air. A constant fraction of air flowing out of the hood was
automatically collected for analysis. Air flow and O, and CO,
concentrations in expired and inspired air were measured by a
continuous open-circuit system (metabolic monitor VMAX; Sensor
Medics, Anaheim, CA).

Urinary collections.  Evaluation of urinary urea nitrogen excretion
was made to calculate protein oxidation. Urinary collections during the
clamp were divided into the basal period (—120 to 0 minute) and into
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period 1 (0 to 120 minutes) and period 2 (20 to 240 minutes). At times
0 minute and 120 minutes and at 240 minutes, blood urea nitrogen was
measured.

Analytical Methods

Plasma glucose concentrations were measured on a Beckman
analyzer (Beckman Instruments, Fullerton, CA) using the glucose
oxidase method. Immunoreactive insulin (IRI) was determined by
radioimmunoassay using an IMMUNOTECH Insulin IRMA kit
(IMMUNOTECH, Prague, Czech Republic). Single measurement of
glycosylated hemoglobin using the Bio-Rad heamoglobin A, col-
umn test (Bio-Rad Laboratories, Munich, Germany) was performed
before the testing.

Data Analysis

Hepatic glucose production (HGP) was not measured in this study,
but it is known to decrease by more than 90% at insulin levels >50
pU/mL in healthy men.16.18 Thus, the total amount of glucose infused
was a measure of the glucose metabolized by all cells of the body
during clamp studies. Calculations of substrate oxidation were made
using standard equations.t” Urinary urea excretion was assessed in
urine samples before and after correction for changes in urea pool
size.29 Insulin action was estimated as the metabolic clearance rate of
glucose (MCR) and glucose disposal (M) calculated at minutes 80 to
120 minutes (MCRy,, submax and M, submax) and between 200 to
240 minutes (MCRy, max and My, max). MCR was calculated by
dividing the amount of glucose infused, after correction for changesin
glucose pool size, by mean plasma glucose concentration.’® Nonoxi-
dative glucose disposal (NEOX ,,submax and NEOX,,max) was cal-
culated by subtracting the rate of glucose oxidation from M. Data were
statistically analyzed by Mann-Whitney rank test. All data are ex-
pressed as means = SD.

RESULTS

MCRy,, submax in DM1 were lower than in C in period 1
(P < .02), as well as MCR,,, max in period 2 (P < .05) (Fig
1). Mg, submax during the first period of the clamp was not
statigticaly different, but My, max was lower in DM1 com-
pared with C in period 2 of the clamp (P < .01) (Fig 2).
Nonoxidative glucose disposa during the period 1 was com-
parable in DM1 and C (DM1: 9.87 = 276 v C: 11.06 = 2.3
mg - kg~* - min~%), while during the second period of the
clamp, it was lower in DM1 (16.93 + 5.29 v 19.87 = 2.62 mg -
kg~'- min~%; P < .02) (Fig 2).
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Fig 1. MCRysubmax and MCRy,,max during the hyperinsuline-

mic euglycemic clamp in C (m, n = 11) and DM1 (CJ, n = 11). *P < .01.
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Fig 2. Glucose disposals (Mglusubmax and Mglumax) and non-
oxidative glucose disposals (NEOXglusubmax and NEOXglumax)
during the hyperinulinemic euglycemic clamp in C (s, n = 11) and
DM1 (OJ, n = 11). *P < .01.

Basal RQ was lower in DM 1 compared with C (0.72 = 0.04
v 0.75 = 0.04; P < .03) (Fig 3). Insulin administration was
accompanied by RQ increase in both groups, which was lower
in DM1 compared with C (period 1: +0.09 = 0.04 v +0.11 +
0.07; P < .001; period 2: +0.13 = 0.04v +0.16 = 0.04; P <
.001). Glucose oxidation (Fig 4A) did not differ between the
groups in period B, however, it was lower in DM1 compared
with C in period 1 (1.17 = 067 v3.28 + 1.11 mg - kg~ * -
min~%; P < .003); and period 2 (2.10 + 0.64 v 3.28 + 0.93
mg- kg™t min~%; P < .009). Overall, lipid oxidation (Fig 4B)
in DM1 was significantly higher in period B (3.28 = 0.77 v
1.16 = 0.55mg - kg~ *- min~%; P < .0001), period 1 (1.10 +
0.41v0.67 = 054 mg- kg~*- min~* P < .05) and period 2
(0.99 = 029 v 0.52 = 058 mg - kg~ - min™%; P < .01)
compared with C. C and DM1 did not differ in protein oxida-
tion (basal: 0.70 = 0.19 v 0.97 *+ 0.68, period 1: 0.42 = 0.27
v 0.69 *= 0.39 and period 2: 0.37 = 0.18 v 0.45 = 0.32 mg *
kg™t min~?%).

DISCUSSION

The results of this study indicate altered substrate utilization
in DM1. To the best of our knowledge, this is the first report
showing metabolic inflexibility in DM1 patients.

In accordance with other investigators, we have confirmed
the presence of IR in DM1 patients.24 The metabolic clearance
rates of glucose (MCR) were significantly lower in DM1 in
both periods of the clamp. Glucose disposal rates were also
lower in period 2, but, in period 1, this difference was not
statistically significant, as well as nonoxidative glucose dis-
posal in period 1.

We did not measure HGP. The rate of insulin infusion (1
mU - kg~ * - min~*) used during period 1 of the clamp study
has been shown to suppress, aimost completely, HGP in
healthy subjects, but insufficient suppression cannot be ex-
cluded in DM1 patients. Thus, the lack of significant differ-
ences in glucose disposal and nonoxidative glucose disposal
in period 1 could be due to insufficient suppression of HGP
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in DM1 patients.28 It has been known for years that patients
with type 1 diabetes are insulin resistant, and this has been
attributed to the phenomenon of glucotoxicity rather than a
factor intrinsic to the muscle. Thus, part of the glucose or IR
in these patients may be caused by hyperglycemia per se.2°
Furthermore, literary data have shown that higher daily
insulin (more 25 to 55 wU/mL) reguirements were associ-
ated with high circulating insulin antibody titers, which
could be a cause of IR in DM 1. Insulin antibody titers have
not been measured in our study, because we assumed that the
daily doses of insulin we used were not associated with
increased antibody titers.2.20-23

In our study, the rate of basal (fasting) lipid oxidation was
higher in DM 1 compared with C and even higher under hyper-
insulinemic euglycemic clamp conditions, just as RQ, a marker
of substrate utilization, was lower during basal and hyperinsu-
linemic euglycemic periods. The suppression of lipid oxidation
by insulin was higher in period 1 and persisted over period 2 of
the clamp in DM1, but the absolute rate of lipid oxidation was
higher as compared with C. These data indicate lipids were the
predominant fuel under basal (fasting) conditions in both
groups, however, during period 2 of the clamp, the rate of lipid
oxidation remained higher in DM1 as compared with the basal
period in C.

The concept that pertubated skeletal muscle fatty acid
metabolism may contribute to skeletal muscle IR is not new,
although the hypothesis that IR is associated with decreased
fasting fatty acid oxidation is a novel reformulation, but the
classic Randle glucose-fatty acid cycle is only one of a
number of mechanisms by which fatty acids might influence
muscle glucose metabolism and insulin action.”.811-13.24

In the presence of insulin stimulation, fatty acid utilization
by skeletal muscle is normally suppressed.2> Results obtained
with rodents or humans, which more directly examined muscle
fuel selection have shown that skeletal muscle in IR is accom-
panied by increased, rather than decreased, muscle glucose
oxidation under basal conditions and decreased glucose oxida-
tion under insulin-stimulated circumstances, producing a state
of “metabolic inflexibility”.10 The situation in DM 1 appearsto
be different. However, this cannot be determined from the
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Fig 3. Changes in RQ during the hyperinsulinemic euglycemic
clamp in C (¢, n = 11) and DM1 (=, n = 11). *P < .05, ***P < .001.
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present study because systemic indirect calorimetry does not
contain much information about fuel use in muscle, which only
contributes about 15% to 20% of systemic gas exchange under
the basal, resting condition.

Increased glucose oxidation negatively correlates with insu-
lin sensitivity under fasting conditions.®25> Under insulin-stim-
ulated conditions in insulin-resistant subjects, this inflexibility
is characterized by a lower rate of elevation of glucose oxida-
tion and a higher rate of lipid oxidation.

These investigators al so reported that the inflexibility, which
includes impaired suppression of lipid oxidation under insulin-
stimulated conditions, is a component of the IR phenotype of
skeletal muscle.®10

This metabolic flexibility is the key to the major role that
skeletal muscle may play in overall fuel balance. In obesity and
type 2 diabetes, there is a loss of this plasticity and, instead,
there is metabolic inflexibility. Rates of lipid oxidation are not
suppressed effectively in response to insulin, but neither do
rates of lipid oxidation effectively increase during transition to
fasting conditions. An important morphologic characteristic of
skeletal muscle in obesity and type 2 diabetes is an increased
content of triglycerides, which can be associated with IR.9.10
DM 1 compared with control subjects had lower insulin-stimu-
lated whole body total, oxidative, and nonoxidative glucose
disposal rates. They also exhibited higher levels of lipid oxi-
dation both during basal and hyperinsulinemia conditions. Al-
though DM 1 was associated with muscle triglyceride content,
muscle triglyceride was not associated with insulin sensitiv-
ity.26

The higher levels of plasma triglycerides are associated with
reduced insulin sensitivity, and such a situation could contrib-
ute to triglyceride accumulation within the myocyte, as has
been observed in IR and type 2 diabetes.%1027 Recent knowl-
edge of insulin receptor signaling indicates that the accumula-
tion of lipid products in muscle may interfere with insulin
signaling and produce IR.® This observation was in contradic-
tion with the Randle glucose fatty acids cycle, athough this
cycle is a valid physiologic principle, but it may not fully
explain IR in skeletal muscle in type 2 diabetes. Furthermore,
there are no studies in DM1.7:811.12 The data of Simonenau et
al29.30 suggest that, in obesity-related IR, the metabolic capacity

and lipid oxidation during the
hyperinsulinemic euglycemic
clamp in DM1 (m, n = 11) and C
(®#, n = 11). *P < .05, ***pP <

period 001,

of skeletal muscle appears to be organized towards fat esteri-
fication rather than oxidation.

Moreover, metabolic inflexibility isimportant in obese male
subjects with impaired glucose tolerance (IGT). These patients
have the same defect in fatty acid utilization as subjects with
type 2 diabetes, suggesting that these disturbances may play an
important rolein the progression from IGT to type 2 diabetes.2°
The key aspect of metabolic fitness in skeletal muscle is its
capacity to switch between fuels, and that this capacity may be
lostin IR in obesity and type 2 diabetes; however, some studies
has shown that weight loss does not correct this disposition.26
Although there is now evidence that weight loss through re-
duction of caloric intake and increase in physical activity can
prevent the development of diabetes, it remains an open ques-
tion as to whether specific modulation of lipid metabolism will
result in improvement in some, or al, of the above metabolic
derangements or will prevent progression from IR to type 2
diabetes.3°

Unless there is a significant weight loss, short- or medium-
term dietary manipulation does not ater insulin sensitivity as
much in humans as in rodent models, and there is a consider-
able interest in pharmacologic intervention. Studies using thia-
zolidinediones, peroxisome proliferators-activated receptory
(PPARYy) receptor agonists, have supported the concept that
reduced muscle lipid accumulation is associated with an in-
creased insulin senditivity. Other potent systemic lipid-lower-
ing agents, such as PPAR« receptor agonists (eg, fibrates) or
antilipolytic agents (eg, nicotinic acid analogs) might improve
insulin sensitivity, but further work is needed, particularly to
clarify implications for muscle metabolism.2431.32

Recent experimental data has shown that treatment with
novel PPARa/y agonistsis highly effective in correcting the
extreme metabolic inflexibility and impaired insulin action
in the Zucker rat.3® There are no data about the effect of
PPARa/y in human studies, but a possible positive effect
should be expected in DM1 with high doses of insulin and
type 2 diabetics as well. These interactions are fundamental
to understanding the metabolic effects of new insulin “sen-
sitizers,” eg, thiazolidinediones, which alter lipid metabo-
lism and improve muscle insulin sensitivity in IR states in
both types of diabetes.
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In conclusion, DM 1 with secondary IR are characterized by
metabolic inflexibility manifested by (1) a lower increase of
RQ during the hyperinsulinemic euglycemic clamp; (2) lower
fasting and insulin-stimulated oxidation of glucose; (3) higher
fasting and insulin-stimulated lipid oxidation. While obesity
and type 2 diabetes were mostly studied, the importance of IR
in DM 1 is still unknown. More data and a comparison between
diabetic patients and their phenotypes are needed just as we
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need to elucidate IR in DM1 in connection with substrate
utilization.
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Summary

The hyperinsulinemic euglycemic clamp (HEC) combined with
indirect calorimetry (IC) is used for estimation of insulin-stimulated
substrate utilization. Calculations are based on urinary urea
nitrogen excretion (UE), which is influenced by correct urine
collection. The aims of our study were to improve the timing of
urine collection during the clamp and to test the effect of insulin on
UE in patients with type 1 diabetes (DM1; n=11) and healthy
subjects (C; n=11). Urine samples were collected (a) over 24 h
divided into 3-h periods and (b) before and during two-step clamp
(1 and 10 mIU.kg™ .min*; period 1 and period 2) combined with IC.
The UE during the clamp was corrected for changes in urea pool
size (UEc). There were no significant differences in 24-h UE
between C and DM1 and no circadian variation in UE in either
group. During the clamp, serum urea decreased significantly in
both groups (p<0.01). Therefore, UEc was significantly lower as
compared to UE not adjusted for changes in urea pool size both in
C (p<0.001) and DM1 (p<0.001). While UE did not change during
the clamp, UEc decreased significantly in both groups (p<0.01).
UEc during the clamp was significantly higher in DM1 compared to
C both in period 1 (p<0.05) and period 2 (p<0.01). The UE over
24 h and UEc during the clamp were statistically different in both C
and DM1. We conclude that urine collection performed during the
clamp with UE adjusted for changes in urea pool size is the most
suitable technique for measuring substrate utilization during the
clamp both in DM1 and C. Urine collections during the clamp
cannot be replaced either by 24-h sampling (periods I-VII) or by a
single 24-h urine collection. Attenuated insulin-induced decrease in
UEc in DM1 implicates the impaired insulin effect on proteolysis.

Key words: Substrate utilization e Urinary urea nitrogen
excretion e Insulin e Glycemic clamp e Indirect calorimetry
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Introduction

Indirect calorimetry (IC) has been used in
combination with the glucose clamp technique to measure
oxidative and non-oxidative components of glucose
uptake, while simultaneously assessing fat oxidation and
energy expenditure (DeFronzo et al. 1979, Jacot et al.
1982, Ferrannini 1988, Thorburn et al. 1991). IC is
commonly performed before and during the clamp
periods (Jacot et al. 1982, Ferrannini 1988, Thorburn et
al. 1991).

Calculations of substrate oxidation are based
on measurements of urinary urea nitrogen excretion (UE).
UE is influenced by accuracy of urine collection.
Furthermore, during a hyperinsulinemic euglycemic
clamp insulin-induced changes in urea pool size have
been reported in healthy subjects affecting the UE.
Briefly, under clamp conditions, serum urea
concentration will decrease, hence the UE adjustment for
changes in (UEc) is an important factor in determining
substrate utilization (Thorburn et al. 1991). In DM1, the
effect of insulin on amino acid metabolism has been
described (Tessari et al. 1986), but the effect of insulin on
urea pool size and UE has not been evaluated. Thus, the
aims of our study were a) to improve the timing of urine
collection during the clamp in healthy and DM1 subjects
and to test the hypothesis that urinary collections during
the clamp could be replaced by samples from 24-h
sampling of UE divided into 3-h periods; and b) to test

the effect of insulin on UE in both groups.
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Subjects and Methods

Subjects

The study groups consisted of 11 men with
DMI1 without specific diabetic vascular complications,
and 11 male healthy control subjects (C) without a family
history of diabetes mellitus, dyslipidemia, or other
metabolic disease. All subjects gave their informed
consent with the study protocol, which had been reviewed
and approved by a local ethics committee. Patients were
instructed to adhere to their ordinary lifestyle and avoid
changes in food intake, alcohol consumption, and
exercise one week before admission to the hospital.
Characteristics of the study groups are shown in Table 1.
All subjects were examined during 3-day hospitalization
being on a standard dietary regimen. Dietary intakes in
our study groups were: 150-170 mmol/24 h of sodium,
50-80 mmol/24 h of potassium, 80 g/24 h of proteins,
275-325 g/24 h of carbohydrates; total energy intake was
2500-2800 kcal/24 h.

Hyperinsulinemic euglycemic clamp (HEC)

A two-step HEC combined with IC was
performed after an 8- to 10-h overnight fast on day 3 after
hospital admission. The clamp lasting 4 h (period 1:
0-120 min and period 2: 120-240 min) was conducted as
previously described (DeFronzo et al. 1979). Briefly, a
Teflon cannula (Venflon; Viggo Helsingborg, Sweden)
was inserted into the left antecubital vein for infusion of
all test substances. A second cannula was inserted in the
retrograde fashion into a wrist vein of the same hand for
blood sampling, and the hand was placed into a heated
(65 °C) box to achieve venous blood arterialization. A
stepwise primed-continuous infusion (1 and 10 mU.kg’
!'min! of Actrapid HM; Novonordisk, Copenhagen,
Denmark) was administered to acutely rise and maintain
the plasma concentration of insulin at 75 and 1400
pU/ml. Decreases in serum potassium concentrations
during insulin infusion were prevented by co-infusion of
potassium chloride with glucose (60 mmol/l KCI/I of
15 % glucose). Plasma glucose concentrations during the
clamp were maintained at 5 mmol/l by continuous
infusion of 15 % glucose. Arterialized blood plasma
glucose concentrations were determined every 5-10 min.
Before the clamp, only diabetics with fasting plasma
glucose levels below 6 mmol/l were included in the
study, and no glucose was infused until plasma glucose
had declined to the desired level. Blood urea nitrogen was
measured at times 0 min, 120 min and 240 min.

Vol. 57
Table 1. Characteristics of study groups.

Cm=11) DM1 (n=11)
Age (vears) 28.72+£2.10 32.18+5.72
BMI (kg/m’) 24.09 + 1.6 2436+2.15
Triglycerides 1.11£0.76 0.77+0.40
(mmol/l)
Total cholesterol 4.11+0.88 423%+0.59
(mmol/l)
HDL-cholesterol 1.27+0.42 1.67+0.29
(mmol/l)
HbAlc (DCCT) (%) 4.821+027  7.97 £ 1.34%**

Daily insulin dose - 36 £9.8

(1U/day)

Statistical significance: ***p<0.001

Indirect calorimetry (IC)

Substrate utilization and energy expenditure
(EE) measurements were made in both groups by IC
(Ferrannini 1988). Gas exchange measurements were
taken during a 45-min basal period and during the final
45-min periods of the two insulin-infusion steps. A
transparent plastic ventilated hood was placed over the
subject’s head and made airtight around the neck. A
slight negative pressure was maintained in the hood to
avoid loss of expired air. A constant fraction of air
flowing out of the hood was automatically collected for
analysis. Air flow as well as O, and CO, concentrations
in expired and inspired air were measured by a
continuous open-circuit system (metabolic monitor
VMAX; Sensor Medics, Anaheim, CA, USA).

Urinary collections

Urine was collected on the second day after
admission. UE during 24 h divided into 3-h periods
(periods I-VI from 06:00 to 24:00 h and one-night period
VII from 24:00 to 06:00 h) was measured. Urinary
collection during the clamp was divided into the basal
period (-120-0 min), period 1 (0-120 min), and period 2
(120-240 min).

Analytical methods

Plasma glucose concentrations were measured
on a Beckman analyzer (Beckman Instruments, Fullerton,
CA, USA) wusing the method.
Immunoreactive determined by

glucose oxidase
insulin (IRI) was
radioimmunoassay using an IMMUNOTECH Insulin

IRMA kit (IMMUNOTECH a.s., Prague, Czech
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Republic). Single measurement of glycosylated
hemoglobin (HbAlc) using the Bio-Rad hemoglobin A,
column test (Bio-Rad laboratories, Munich, Germany)
was performed before the testing. UE was measured by
enzymatic urease reaction using a spectrophotometric UV
method (Hitachi 912, Roche, Basel, Switzerland)

Data analysis

Calculations of substrate oxidation were made
using standard equations (Ferrannini 1988). UE during
the clamp was adjusted for changes in urea pool size
(UEc) (Tappy et al. 1988). Insulin action was estimated
as the metabolic clearance rate of glucose (MCR) and
glucose disposal (M) calculated at 80 to 120 min (MCRg,
submax and Mg, submax) and between 200 and 240 min
(MCRyy, max and Mg, max). MCR was calculated by
dividing the amount of glucose infused, after adjustment
for changes in glucose pool size, by means of plasma
glucose concentration (DeFronzo et al. 1979, 1983). Data
were statistically analyzed by ANOVA with repeated
measures. All data are expressed as means + S. D.

Results

Twenty-four-hour urinary urea excretion is
shown in Table 2. We did not find a significant
circadian variation in UE in C and DM1; likewise there
were no significant differences in 24-h UE between C
and DMI1. Evaluation of variation over time in UE
output was performed as a coefficient of variation for
the individual subjects, however, without statistical
significances. During the clamp, serum urea
significantly decreased both in C (0 vs. 120 vs. 240 min:
4.67+0.73 vs. 4.29+£0.61 vs. 3.8+0.68 mmol/l; p<0.01)
and in DM1 (0 vs. 120 vs. 240 min: 6.34+1.73 vs.
5.22+1.7 vs. 4.73+£1.21 mmol/l; p<0.01). Serum urea
in DMI1
compared to C during the basal (p<0.01) and clamp
periods (p<0.05). Table 3 shows the UE and UEc during

the clamp. The UE in the basal period was comparable

concentrations were significantly higher

in DM1 and C. During the clamp periods, UE was
significantly higher as compared to UEc (p<0.001) in
both groups. While UE did not change during the clamp,
UEc decreased significantly in both groups (p<0.01).
The insulin-induced decrease in UEc during HEC was
attenuated in DM1 because UEc during the clamp was
significantly higher in DM1 compared to C both in
period 1 (p<0.05) and period II (p<0.01) indicating
impaired insulin action on protein metabolism in DM1.

Table 2. Circadian urinary urea excretion (UE) in C (n=11) and
DM1 (n=11).

Periods C DM1
(hours) (mmol/24 h) (mmol/24 h)
24 h 470 + 140 452 + 64
06— 09 (1) 479 £ 134 431 £ 180
09— 12 (1) 510+ 213 423 £ 172
12— 15 (1) 477 £229 428 £ 121
1518 (V) 474 £274 525+ 102
18-21(V) 576 £ 273 464 + 135
21-24 (VI 499+ 103 503 £ 100
24— 06 (VII) 436 £ 125 369 £ 108

Differences between DM1 and C are not statistically significant.

Table 3. Urinary urea excretion before (basal) and during the
two-step hyperinsulinemic euglycemic clamp from 0 to 120 min
(Period 1) and from 120 to 240 min (Period 2) before (UE) and
after adjustment for changes in urea pool size (UEc) in C (n=11)
and DM1 (n=11).

Period C DM1
(mmol/24 h) (mmol/24 h)
UE Basal 412 + 125 412 £216
UE Period 1 462 + 157 686 +228°
UE Period 2 436 + 138 522+ 162°
UEc Period 1 240 +170 ¢ 374 +187%¢
UEc Period 2 219 +122°¢¢ 274 1654

Statistical significance: a, p<0.05; DM1 vs. C, b, p<0.01; DM1 vs.
C, ¢, p<0.01; UEc period 2 vs. UE basal, ¢, p<0.001; UEc Period
1 vs. UE Period 1, UEc Period 2 vs. UE Period 2.

C and DM1 did not differ in protein oxidation (basal:
0.70£0.19 vs. 0.97+0.68, period I: 0.42+0.27 vs.
0.69+0.39 and period II: 0.37£0.18 vs. 0.45%0. 32
mg.kg'.min'. The protein oxidations dropped
significantly during the clamp in both groups (basal
period vs. period II; p<0.01).

Insulin action, as measured by MCRy,
submax (12.54+3.38 vs. 17.41+6.18 mgkg ' .min™;
p<0.02), MCRy, max (21.63+£6.47 vs. 26.61+4.45
mg.kg' .min"'; p<0.05) and Mg max (19.0+£5.6 vs.
23.3+3.0
mg.kg'.min"; p<0.01), was lower in DMI compared
with C, although the difference in My, submax did not
reach significance (11.05£3.07 vs. 13.53+2.60 mg.kg’
"min"). There were no significant relationships

between UE and MCRy,,. UE over 24 h and UEc during
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the clamp were statistically different both in C and
DMI. Neither basal UE nor clamp UE could be replaced
by UE from 24 h and from 24-h sampling.

Discussion

In this study, we have demonstrated significant
insulin-induced changes in urea pool size in both DM1
and C subjects indicating that only UEc should be used
for calculations of substrate utilization during the clamp
studies. The results are in accordance with previous
studies in healthy volunteers (Tappy et al 1988,
1991). We have also found that
hyperinsulinemia significantly decreases the UEc and

Thorburn et al.

protein oxidation in both groups.

The insulin-induced decrease in UEc was
attenuated in DM1. Because there were no differences in
protein oxidation during the clamp between DM1 and C,
the insufficient suppression of proteolysis could be
responsible for this. This finding could imply that, in
addition to insulin resistance (IR) in glucose metabolism
(DeFronzo et al. 1982, Yki-Jarvinen et al. 1990, Wohl et
al. 2004), DMI1 patients are also characterized by
impaired insulin action in protein metabolism. The
increased plasma urea concentrations during clamp
periods, as seen in DM1 subjects, could be explained
partly by lower insulin sensitivity in DM1 and a lower
volume load of glucose infusion during the clamp.
Moreover, because an abnormal glucose tolerance test
indicates impaired disposal of an oral glucose load,
abnormal “protein tolerance” would be indicated by
abnormal disposal of the protein load, resulting in an
abnormally high postprandial urea production rate
(Hoffer 1998). Although this is not a completely new
finding, it is interesting in context of physiological and
“mechanistic” studies. Thus, it seems that in our study
hyperinsulinemia does not suppress proteolysis and urea
production in subjects with DM1 as compared with non-
diabetic subjects even though UE is equivalent under
basal conditions. Our study supports the hypothesis that
IR influences UE in DM1 without changes in protein
oxidation. The importance of this phenomenon should be
confirmed by studies using more precise methods such as
tracer techniques which have not been used in our
protocol.

Hepatic glucose production was not measured
in this study, but it is known to fall by more than 90 % to
insulin levels > 50 pU/ml in healthy men (Rizza et al.
1991) and patients with DM1 (DeFronzo et al. 1982).

Thus, the total amount of glucose infused was assumed to
be a measure of the glucose metabolized by all cells of
the body during clamp studies. Nevertheless, we could
not exclude the impaired suppression of hepatic glucose
production by insulin and underestimation of MCR or M
in DM patients.

However, tracer methods could also
underestimate short-term variations in urea production in
humans (Hamadeh and Hoffer 1998). Dissociation of
insulin effect on glucose and protein metabolism has been
reported by the tracer method in DM1 and type 2
diabetes. Insulin action seems to be more effective in
reducing catabolic pathways than anabolic processes in
protein metabolism (Hoffer 1998). In DM1, the increased
leucine transamination associated with increased leucine
oxidation has also been found, while in type 2 diabetic
patients only changes in leucine transamination, but not
in leucine oxidation or leucine kinetics have been shown
(Halvatsiotsis et al. 2002). Moreover, there is evidence
that insulin may contribute to the inhibition of protein
oxidation and urea production by other mechanisms
(Felig and Wahren 1971, Tessari et al. 1987, Gelfand and
Barrett 1987). Fukagawa et al. (1987) reported a
reduction of protein breakdown by insulin in healthy
subjects. Whether this phenomenon occurs under the
conditions of IR and DM1 still remains not clear.

During hyperinsulinemic euglycemic clamp,
the alterations in urine flow, urea pool size, and
clearance, urinary nitrogen excretion and substrate
oxidation rates also occur. Under these conditions, total
urinary nitrogen increases (rather than decreases) by 47
%, largely due to increased urea clearance (Thorburn et
al. 1991). Increased urea clearance during the clamp is
more likely due to an increase in urine output, since
augmented urine flow is known to result in an increase of
the fractional extraction rate of urea (Thorburn et al
1991). This is due to the fact that urea reabsorption is a
passive process completely dependent on the rate of
water reabsorbtion, which establishes the diffusion
gradient within the kidney tubules. Changes in the renal
clearance of urea, the delay required for urea to pass
through the kidney and to be collected in the bladder, and
problems associated with subjects producing urine on
demand. All this adds

measurements of urea production based on urinary urea

uncertainty to short-term

nitrogen excretion (Thorburn et al. 1991, Mathews and
1984). In
concentrations may have a sodium retaining effect

Downey addition, increased insulin

(Pelikanova et al. 1996) and, hence, changes in volume
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and urea clearance. However, extrarenal metabolic
pathways such as urea hydrolysis do not play an
important role in whole-body urea homeostasis in healthy
subjects, but there are no data about diabetes and obesity
(El Khoury et al. 1996). In addition, daily obligatory
urinary nitrogen excretion of diabetic patients was 18 %
higher than in normal subjects and this is not influenced
by strict normoglycemia and intensive insulin treatment.
During this treatment there remain subtle changes in
recycling of amino acids (Hoffer 1998). The mechanism
of this phenomenon is still unknown. Relative insulin
deficiency, different pathways of insulin application and
insulin resistance dealing with disturbances of protein
metabolism in patients with Type 1 (DM1) and Type 2
(DM2) diabetes mellitus should also be taken into
account.

The circadian variations of UE were not
significant in either group in our study. Such findings
may be due to a small number of subjects as well as the
fact that our measurements were not repeated over a
period of several days. In contrast, Steffee ef al. (1981)
concluded that there is little doubt that a diurnal rhythm
of urea excretion exists in healthy subjects, but the
physiological basis is still not clear. In addition, Thorburn
et al. (1991) reported large day-to-day variability in basal
urinary nitrogen, which might lead to substantial error in
the basal substrate oxidation rate. UE is strongly related
to protein feeding (Steffee er al. 1981), differences in diet
probably account for much variation in the reported
urinary urea production rates, especially because several
studies used collection periods that included both
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postabsorptive and feeding periods; however, in our
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Based on our results, separate urine sampling
seems to be the only option during a clamp for estimating
substrate utilization both in DM1 and C. We conclude
that UE collections performed during the clamp with UE
adjusted for changes in urea pool size are the most
suitable for measuring substrate utilization during the
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additional data to make measurement of substrate
utilization more accurate.
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Abstract

Objective: Telmisartan improves glucose and lipid metabolism in rodents. This study evaluated the effect
of telmisartan on insulin sensitivity, substrate utilization, selected plasma adipokines and their
expressions in subcutaneous adipose tissue (SAT) in metabolic syndrome.

Design and methods: Twelve patients with impaired fasting glucose completed the double-blind,
randomized, crossover trial. Patients received telmisartan (160 mg/day) or placebo for 3 weeks and
vice versa with a 2-week washout period. At the end of each period, a hyperinsulinemic euglycemic
clamp (HEC) combined with indirect calorimetry was performed. During HEC (0, 30, and 120 min),
plasma levels of adipokines were measured and a needle biopsy (0 and 30 min) of SAT was performed.
Results: Fasting plasma glucose was lower after telmisartan compared with placebo (P <0.05). There
were no differences in insulin sensitivity and substrate utilization. We found no differences in basal
plasma adiponectin, resistin and tumour necrosis factor o (TNFa), but an increase was found in basal
leptin, after telmisartan treatment. Insulin-stimulated plasma adiponectin (P<0.05), leptin and
resistin (P<0.001) were increased, whereas TNFo was decreased (P<0.05) after telmisartan
treatment. Expression of resistin, but not adiponectin, TNFo and leptin was increased after telmisartan
treatment.

Conclusions: Despite the decrease in fasting plasma glucose, telmisartan does not improve insulin
sensitivity and substrate utilization. Telmisartan increases plasma leptin as well as insulin-stimulated
plasma adiponectin, leptin and resistin, and decreases plasma TNFa during HEC. Changes in plasma
adipokines cannot be explained by their expressions in SAT. The changes in plasma adipokines might
be involved in the metabolic effects of telmisartan in metabolic syndrome.
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Introduction

Several large intervention trials have demonstrated
that angiotensin II type 1 receptor antagonists (ARBs)
reduce the incidence of new-onset diabetes by 20-25%
(1, 2). The protective effects of ARBs during the
development of diabetes are probably independent of
their antihypertensive properties (3, 4).

However, the mechanisms underlying the effect of
ARBs on glucose metabolism are not fully understood.
Experimental evidence has been accumulated that
insulin resistance (IR) may be improved by interrupting
renin—angiotensin system (5). All ARBs have been
shown to improve insulin sensitivity in experimental
and in vitro studies through multiple mechanisms,
including increase in muscle blood flow, decreased
sympathetic nervous activity, enhanced insulin

© 2010 European Society of Endocrinology

signalling and adipose-tissue remodelling (5, 6). Angio-
tensin II inhibits pre-adipocyte differentiation into
mature adipocytes, which impairs the fat cells’ ability
to store fat (6). This in turn results in accumulation of
fats in the liver, the skeletal muscle, and the pancreas,
which worsens IR. Impaired fat cells produce excessive
amounts of pro-inflammatory cytokines (tumour necrosis
factor o (TNFa), interleukin (IL) 6, resistin, and others),
whereas the insulin-sensitizing cytokines such as
adiponectin are reduced (6). Blocking the angiotensin II
receptor with ARBs decreases the adipocyte size (7),
promotes differentiation of pre-adipocytes to mature
adipocytes, and prevents the ectopic fat accumulation
(8). In addition, ARBs may alter the adipokine profile.
It has been shown that ARBs increase the adipo-
nectin protein content in isolated adipocytes (9).
Increases in plasma adiponectin concentrations after
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ARB treatment have been found also in human
subjects by some (10-12), but not all, groups (13).
The actual knowledge of the physiological roles of
resistin and TNFa in altering muscle glucose and lipid
metabolism is more controversial, but each has been
shown to directly impair insulin signalling and
consequently insulin-stimulated glucose uptake in
muscles (14). The role of resistin is less understood. It
is implicated in IR in rats but probably not in human
subjects. Moreover, other adipokines (such as adipo-
nectin and leptin) in physiological concentrations are
insulin sparing as they stimulate B oxidation of fatty
acids in skeletal muscle. The effect of ARBs on
adipokines in vivo in human subjects has not been
systematically evaluated until now.

Human studies investigating the effect of ARBs on
insulin sensitivity are not conclusive. Most of the
randomized, placebo-controlled or head-to-head studies
using the hyperinsulinemic euglycemic clamp (HEC)
technique for estimation of insulin sensitivity have
found no significant effect of ARBs on insulin action in
human subjects (5, 15, 16). However, there is evidence
that certain ARBs have a further effect on insulin
sensitivity, which is mediated through peroxisome
proliferator-activated receptor y (PPARG). PPARG is a
nuclear transcription factor which triggers the expression
of multiple genes involved in glucose and lipid metabolism
(17). Not all ARBs have been shown to bind to PPARG; the
strongest activity has been seen with telmisartan (4, 17,
18). Based on rodent experiments, it can be hypothesized
that the activation of PPARG may be involved in the ability
of telmisartan to increase muscle fatty acid oxidation and
energy expenditure (EE) (19). The in vivo effects of
telmisartan on insulin sensitivity and substrate oxidation
estimated by HEC combined with indirect calorimetry
have not been studied in human subjects so far.

The aim of our study was to evaluate in vivo effects of
telmisartan on insulin sensitivity, substrate utilization,
basal and insulin-stimulated plasma concentrations of
selected adipokines and their expressions in subcu-
taneous adipose tissue (SAT) in patients with impaired
fasting glucose and metabolic syndrome.

Subjects and methods
Subjects

We enrolled 12 male patients with metabolic syndrome
defined according to the NCEP-ATPIII criteria, revised in
2005 (20). Impaired fasting glucose was an obligate
criterion for enrolment in the study. One patient had
both impaired fasting glucose and impaired glucose
tolerance (confirmed by an oral glucose tolerance test).
Only male subjects participated in the study in order to
exclude variability in insulin sensitivity in women
according to menstrual cycle and childbearing potential
and with respect to sexual dimorphism of adipokines.
Characteristics of study group are shown in Table 1.

www.eje-online.org
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Table 1 Characteristics of study group.

n 12

Age (years 50.0+6.02
BMI (kg/m?) 29.0+4.37
Waist (cm) 104.6+7.8
Systolic blood pressure (mmHg) 133.0+12.0
Diastolic blood pressure (mmHg) 91.3+10.0
HbAIc (%) 3.861+0.44
Total cholesterol (mmol/l) 5.51+1.1
HDL cholesterol (mmol/l) 0.99+£0.12
LDL cholesterol (mmol/l) 3.2+1.22
Serum triglycerides (mmol/l) 2.71+1.4
Plasma glucose 120 min, OGTT (mmol/l) 76+1.8
Fasting plasma glucose (mmol/l) 6.11+0.43

OGTT, oral glucose tolerance test.

Patients enrolled in the study were treatment-naive with
regard to oral antidiabetic medication. Antihypertensive
treatment was adjusted during the 4-week run-in period
as follows: angiotensin-converting enzyme and ARB
treatment had been stopped and replaced by metabolic
neutral calcium channel blockers. The dose of concomi-
tant calcium channel blocker (if required) was stable
during the whole study duration. None of the patients
had their dietary intake of salt or protein restricted.
Patients with overt diabetes (diagnosed by an oral glucose
tolerance test), acute or chronic inflammatory, or other
major organ diseases were excluded from the study:.

All subjects gave their informed consent with the
study protocol that had been reviewed and approved
by the local ethics committee. The study was performed
in accordance with the Helsinki Declaration and
Title 45, Code of Federal Regulations, Part 46,
Protection of Human Subjects. The EudraCT number
2006-000490-29 had been issued for our Sponsor’s
Protocol Code No. 1, 1.1.2006.

Study protocol

The study was a randomized, placebo-controlled,
double-blind, crossover trial consisting of two treatment
periods. After a 4-week run-in period, the subjects were
randomly assigned to receive telmisartan 160 mg daily
(Micardis 80 mg; Boehringer Ingelheim Pharma GmbH,
Ingelheim am Rhein, Germany) or placebo for 3 weeks.
After a 2-week washout period, the medication was
changed and continued for another 3 weeks. Randomiz-
ation was performed by standard procedure. The code
was not broken until all data were entered into a
database, which was locked for editing. Drug compli-
ance was assessed by the effect on blood pressure as well
as by the study drug accountability. Patients were
instructed to adhere to their ordinary lifestyle and avoid
changes in food intake, alcohol consumption and
exercise during the whole study duration.

At the end of both 3-week periods of treatment with
telmisartan or placebo, all patients underwent a 2 h
HEC combined with indirect calorimetry and adipose
tissue biopsies.
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Hyperinsulinemic euglycemic clamp The subjects
were examined on an outpatient basis after an 8-10 h
overnight fast with only tap water allowed ad libitum.
The HEC, lasting 2 h, was conducted as described earlier
(21). Briefly, a Teflon cannula (VenflonViggo, Helsing-
borg, Sweden) was inserted into left antecubital vein for
infusion of all test substances. A second cannula was
inserted in a retrograde manner into a wrist vein of the
same hand for blood sampling, and a hand was placed
in a heated (65°C) box to achieve venous blood
arterialization. A stepwise primed-continuous infusion
(1 mU/kg per min of Actrapid HM; NovoNordisk,
Copenhagen, Denmark) was administered to acutely
raise and maintain the plasma concentration of insulin
at 75 pU/ml. Plasma glucose concentrations during the
clamp were maintained at 5.0 mmol/l by continuous
infusion of 15% glucose. To prevent hypokalemia
during insulin infusion, potassium chloride was added
to 15% glucose infusion (30 mmol KCI/l of glucose).
Arterialized blood plasma glucose concentration was
determined every 5-10 min. Before the clamp, fasting
plasma glucose levels had been checked, and at
concentration lower than 6.0 mmol/l, the clamp
procedure was started. No glucose was infused until
plasma glucose had declined to the clamp-target level.

Needle biopsy of abdominal SAT Needle biopsy of
abdominal SAT was performed before (O min) and
30 min into the clamp. Under local anaesthesia (1%
trimecain in a field block pattern), an incision (3—4 mm)
was made through the skin at the lower abdomen, and a
subcutaneous fat specimen (300 mg) was obtained by
needle aspiration. The samples were washed in 0.9%
natrium chloride solution, immediately frozen by liquid
nitrogen, and stored at —80 °C until used for RNA
extraction.

Indirect calorimetry Substrate utilization and EE were
assessed by indirect calorimetry (22). Gas exchange
measurements were performed during a 45 min basal
period before starting the insulin infusion and during
the last 45 min period of the clamp. A transparent
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plastic ventilated hood was placed over the subject’s
head and made airtight around the neck. A slight
negative pressure was maintained in the hood to avoid
loss of expired air. A constant fraction of air flowing out
of the hood was automatically collected for analysis.
Airflow and O, and CO, concentrations in expired and
inspired air were measured by a continuous open-
circuit system (metabolic monitor VMAX; Sensor
Medics, Anaheim, CA, USA). Blood samples were
taken at O and 120 min of the clamp study to assess
plasma levels of selected adipokines and blood urea
nitrogen. Urine was collected i) during the night before
the study (basal) and ii) during the clamp study
(0-120 min) to measure the urinary nitrogen excretion
to be able to calculate protein oxidation.

Measurements of blood pressure were performed as
three time readings at the beginning of the clamp, after
30 min resting position and during the clamp.

Analytical methods

Plasma concentrations of glucose were measured
using the Beckman analyzer (Beckman Instruments
Inc., Fullerton, CA, USA) by glucose oxidase method.
Immunoreactive insulin (IRI) was determined by RIA
method using an IMMUNOTECH Insulin IRMA kit
(IMMUNOTECH a.s, Prague, Czech Republic) with
analytical sensitivity of 0.5 WIU/ml; intra- and inter-
assay coefficients of variation (CV) were below or equal
to 4.3 and 3.4% respectively. HbAlc was measured by
HPLC method (Tosoh HLC-723 G7; Tosoh Corporation,
Tokyo, Japan). This analyzer uses a non-porous ion
exchanger that separates HbAlc from other fractions. The
method was calibrated to IFCC reference procedure (23).

Plasma concentrations of TNFa. were measured by
immunoassay (Human TNFa UltraSensitive RIA Kkit;
BioSource International, Camarillo, CA, USA; the
detection limit was <0.09 pg/ml, and intra- and
inter-assay CV were 5.3-6.7 and 8.2-9.7% respect-
ively); plasma concentrations of resistin were measured
by Human Resistin ELISA kit (BioVendor Laboratory
Medicine Inc., Brno, Czech Republic; the detection limit

Table 2 Primers used for RT-PCR of the subcutaneous adipose tissue samples.

Accession
Gene number Forward primer Reverse primer
Adiponectin XM_290602 HACRP30-F: HACRP30-R:
5-GGT TCA ATG GCT TGT TTG C-3 5-TCA TCC CAA GCT GAT TCT G-3'
Leptin NM_000230 Hleptin-F: Hleptin-R:
5-CCC TAAGCC TCC TTT TGC T-3’ 5-GCT AAG AGG GGA CAA GAC A-3'
TNFa X02910 HTNFa-F: HTNFa-R:
X02159 5-CTA TCT GGG AGG GGT CTT C-3’ 5-TTG GGA AGG TTG GAT GTT C-3'
Resistin AY207314 HRETN-F: HRETN-R:
5-ATA AGC AGC ATT GGC CTG G-3' 5-TGG CAG TGA CAT GTG GTC T-3
Cyclophilin XM_090070 HCLPNa-F: HCLPNa-R:

5'-CAA ATG CTG GAC CCA ACA CA-3'

5'-TGC CAT CCA ACC ACT CAG TC-3'

www.eje-online.org
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Figure 1 Effect of telmisartan treatment on fasting immunoreactive
insulin and plasma glucose. The circles with error bars symbolize
the group means with their 95% confidence intervals: telmisartan
(T; full circles) and placebo (P; open circles). For the fasting
immunoreactive insulin (A), the significance of the factors was as
follows: telmisartan: F=7.6, P=0.0224; subject (inter-individual
variability): F=7.6, P=0.0029. For the fasting plasma glucose (B),
the significance of the factors was as follows: telmisartan: F=8.8,
P=0.0129; subject (inter-individual variability): F=3, P=0.0392.
Statistical significance: *P<0.05.

was 0.033 ng/ml, and intra- and inter-assay CV were
2.8-3.4 and 5.1-6.9% respectively); plasma concen-
trations of leptin were measured by Human Leptin
ELISA kit (BioVendor Laboratory Medicine Inc.; the
detection limit was 0.5 ng/ml, and intra- and inter-
assay CV were 3-7.5 and 3.2-9.2% respectively);
plasma concentrations of adiponectin were measured
by Human Adiponectin ELISA kit (BioVendor Labora-
tory Medicine Inc.; the detection limit was 210 ng/ml,
and intra- and inter-assay CV were 6.4—7 and 7.3-8.2%
respectively), all according to the manufacturer’s
instructions.
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Expression of adipokines was analysed by the real-
time PCR method using the following protocol:

i) The RNA was isolated from the liquid nitrogen frozen
biopsy of the human fat tissue using the RNeasy Lipid
Tissue Mini kit and QIAzolLysis Reagent (Qiagen). The
starting amount of 100 mg tissue was excised from
the biopsy and homogenized in 1 ml of QIAzolLysis
Reagent (guanidine thiocyanate—phenol solution) for
2 min. From the homogenate, the RNA was isolated
by extraction on silica gel-based column, according
to the kit handbook. Possible contamination of
RNA with genomic DNA remains was taken out by
DNase digestion (RNase-free DNase Set; Qiagen).
This step is supposed to prevent any significant
DNA amplification, e.g. by gel electrophoresis.

ii) The cDNA was synthesized using a recombinant
Omniscript Reverse Transcriptase (Qiagen), ribonu-
clease inhibitor from human placenta (Sigma) and
(dT); ¢oligonucleotides.

iii) The real-time PCR procedure itself had been carried
out on the DNA Engine Opticon 2 System (M]
Research, Waltham, MA, USA). HotStarTaq DNA
polymerase and SYBR Green fluorescent dye
(QuantiTec SYBR Green PCR kit; Qiagen) were used
for the RT-PCR. To eliminate the influence of primer
dimers, negative controls were used. As the reference
gene, human cyclophilin was used; there is no
evidence of insulin or ARB influence on cyclophilin.
Primers used for RT-PCR are given in Table 2.

iv) The data were processed by Q-gene 96 software
(Institute of Biochemistry and Genetics, University of
Basel, Basel, Switzerland).

Calculations

Insulin action was estimated as the glucose disposal (M)
and metabolic clearance rate (MCR) of glucose calcu-
lated during the last 20 min of the clamp after correction
for changes in glucose pool size (21). Calculations of
substrate oxidation were made using standard equations
(22). Urinary urea excretion during the clamp was
corrected for changes in urea pool size (24). Non-
oxidative glucose disposal (NEOX) was calculated by
subtracting the rate of glucose oxidation from M.

Table 3 Substrate utilization before (basal) and during hyperinsulinemic euglycemic clamp (insulin) after 3-week

treatment with telmisartan or placebo.

Placebo Telmisartan
Basal Insulin Basal Insulin
REE (kcal/24 h) 1729+ 386 18231337 1706+ 370 17281355
RQ 0.79+0.03* 0.87+0.05 0.77+0.04* 0.86+0.03
Chox (mg/kg per min) 0.69+0.42* 1.361+0.8 0.63+£0.42" 1.471+0.39
Fox (mg/kg per min) 0.77+0.2* 0.48+0.2 0.71+0.32¢ 0.58+0.30
Prox (mg/kg per min) 0.87+0.3* 0.40+0.14 0.88+0.39* 0.43+0.15

REE, resting energy expenditure; RQ, respiratory quotient; Chox, glucose oxidation; Fox, lipid oxidation; Prox, protein oxidation.
Differences between telmisartan and placebo were not statistically significant. *P<0.02 versus insulin.

www.eje-online.org
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Statistical analysis

The data are expressed as means + s.e.m. unless indicated
otherwise. Steady-state periods of both clamps were
compared using Wilcoxon's paired test. The differences
between time courses of both clamps were evaluated
by a repeated-measures ANOVA model, including
the following factors and interactions: effect of telmi-
sartan treatment (placebo versus telmisartan) and effect
of hyperinsulinemia (clamp induced) as the within
factors, subject factor (represents the inter-individual
variability of subjects) and telmisartan X hyperinsuli-
nemia interaction. The last term indicated whether the
shapes of the time profiles for telmisartan and placebo
were different or not. The differences between subgroups
were evaluated using least significant difference (LSD)
multiple comparisons. The statistical significance
P<0.05 was chosen for both ANOVA testing and
multiple comparisons. Owing to a non-Gaussian data
distribution in all dependent variables, the data under-
went power transformations (directly in the ANOVA
model) to attain distributional symmetry and a constant
variance in the data as well as in residuals. The non-
homogeneities were detected using residual diagnostics.
The experimental points with absolute values
of studentized residual (after data transformation) >3
were excluded from the analysis. The fraction of such
points never exceeded 5% of the total number. Stat-
graphics Centurion v. XV statistical software (Stadtpoint
Inc., Herndon, VA, USA) was used for the data analysis.

Results

Telmisartan compared to placebo treatment induced no
differences in body weight (89.8 +19 vs 89.8 +18 kg)
but resulted in lower blood pressure, both systolic
(1264110 vs 135412 mmHg; P<0.03) and diastolic
(81+10 vs 90+10 mmHg; P<0.01), lower fasting
plasma glucose (P<0.05) and higher fasting IRI
(P<0.05). Fasting plasma glucose and IRI are shown
in Fig. 1. Insulin action was estimated by HEC combined
with indirect calorimetry. The clamps performed after
treatment with telmisartan versus placebo were com-
parable in terms of the mean plasma glucose concen-
trations (5.29+1.9 vs 5.34+0.3 mmol/l), CV of
glucose (2.89+1.9 vs 2.56+1.2%) and mean IRI
levels. Insulin action was comparable after telmisartan
and placebo. MCR (4.15+1.0 vs 4.08 +1.9 ml/kg per
min), M (4.4+1.8 vs 3.94+1.7 mg/kg per min) and
NEOX (4.1+1.9 vs 3.0£2.3 mg/kg per min) did not
differ between telmisartan and placebo. Similarly, EE,
glucose and fat oxidations have not been statistically
different comparing telmisartan and placebo (Table 3).
No significant effect of telmisartan on basal plasma
concentrations of selected adipokines has been detected,
except of basal plasma leptin that has significantly
increased after telmisartan treatment (Fig. 2C-5C ).
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Plasma concentrations of TNFa during HEC are shown
in Fig. 2A—C. The ANOVA model indicated (Fig. 2A) a
significant decrease in plasma TNFo in telmisartan as
compared to placebo (telmisartan; P<0.05), whereas no
significant hyperinsulinemia effect (Fig. 2B) or interaction
was detected (Fig. 2C). However, the plasma changes
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Figure 2 Effects of telmisartan treatment and the clamp-induced
hyperinsulinemia on TNFa. The circles with error bars symbolize
the group means with their 95% confidence intervals: telmisartan
(T; full circles) and placebo (P; open circles). (A and D) The effect of
telmisartan is illustrated; (B and E) the effect of clamp-induced
hyperinsulinemia is demonstrated; (C and F) the interactions
between telmisartan and hyperinsulinemia are shown. For the
PTNFa (A—C), the significance of the factors and interactions was
as follows: telmisartan: F=4.8, P=0.0328; subject (inter-individual
variability): F=2.7, P=0.0085; hyperinsulinemia: F=0.1,
P=0.8698; telmisartan X hyperinsulinemia: F=0.4, P=0.6489.
For the ExXTNFa (D-F), the significance of the factors and
interactions was as follows: telmisartan: F=3.9, P=0.0591; subject
(inter-individual variability): F=1.8, P=0.1122; hyperinsulinemia:
F=92, P<0.0001; telmisartan X hyperinsulinemia: F=0.2,
P=0.6406. Statistical significance: *P<0.05, ***P<0.001.
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Figure 3 Effects of telmisartan treatment and the clamp-induced
hyperinsulinemia on adiponectin. The circles with error bars
symbolize the group means with their 95% confidence intervals:
telmisartan (T; full circles) and placebo (P; open circles). (A and D)
The effect of telmisartan is illustrated; (B and E) the effect of clamp-
induced hyperinsulinemia is demonstrated; (C and F) the
interactions between telmisartan and hyperinsulinemia are shown.
For the plasma adiponectin (A-C), the significance of the factors
and interactions was as follows: telmisartan: F=0.9, P=0.3618;
subject (inter-individual variability): F=14.9, P<0.0001; hyperin-
sulinemia: F=0.5, P=0.6317; telmisartan X hyperinsulinemia:
F=3.3, P=0.0429. For the adiponectin expression (D—F), the
significance of the factors and interactions was as follows:
telmisartan: F=1.3, P=0.2709; subject (inter-individual variability):
F=6.4, P<0.0001; hyperinsulinemia: F=3.2, P=0.0846; telmi-
sartan X hyperinsulinemia: F=0.2, P=0.6756. Statistical signi-
ficance: * P<0.05 for differences between telmisartan and placebo
in individual stages of HEC.

after telmisartan do not correspond with relative
expression of TNFa in subcutaneous adipose abdominal
tissue. In this study, the effect of clamp-induced hyper-
insulinemia (Fig. 2E) has been found to be significant
(P<0.001) and no telmisartan effect was detected

www.eje-online.org

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2010) 163

(Fig. 2D), implicating the suppression of TNFa expression
by insulin, which is not influenced by telmisartan.

Plasma adiponectin concentrations are shown in
Fig. 3A-C. Plasma adiponectin concentrations have
shown a different time course during insulin-stimulated
conditions in telmisartan and placebo (Fig. 3C), docu-
mented by the significant telmisartan X hyperinsuline-
mia interaction (P<0.05). A significant increase in
plasma adiponectin was detected by LSD multiple
comparisons in 120 min of HEC (0O vs 120 min;
P<0.05) after telmisartan treatment, whereas no
changes were seen after placebo treatment. Relative
expressions of adiponectin were comparable during
both treatment periods and clamps, and both telmi-
sartan and hyperinsulinemia factors were not signi-
ficant (Fig. 3D-F).

Figure 4A—C shows plasma leptin concentrations.
Both basal and insulin-stimulated plasma leptin concen-
trations were significantly increased after telmisartan
treatment compared to placebo treatment (telmisartan
effect; P<0.001), while telmisartan did not alter the
relative expressions of leptin in SAT. There was a signi-
ficant decrease in leptin expressions during insulin-
stimulated conditions (HEC), as documented by the
significant hyperinsulinemia factor (P <0.001; Fig. 4E).

Plasma concentrations and tissue expressions of
resistin are shown in Fig. 5. The telmisartan treatment
resulted in an increase in plasma resistin concentrations,
as documented by a significant telmisartan factor
(P<0.01; Fig. 5A). The multiple comparisons tests
were in accordance with ANOVA testing. Figure 5B
shows the increasing plasma concentrations of resistin
during insulin-stimulated conditions (HEC), as indicated
by significant hyperinsulinemia factor (P<0.001),
whereas the effect of insulin on resistin expression was
opposite (Fig. 5E). There is a significant decrease in
resistin expressions during HEC in both telmisartan and
placebo (hyperinsulinemia factor P <0.01; Fig. 5SEandF)
without differences between telmisartan and placebo.

Discussion

This short-term placebo-controlled crossover study
demonstrate, in accordance with other studies (25),
that telmisartan decreases the fasting plasma glucose
and blood pressure, whereas the insulin sensitivity
assessed by hyperinsulinemic clamp technique did not
change after telmisartan treatment in our study
population. Thus, the decrease in blood glucose
cannot be explained by the improvement in insulin
sensitivity. However, we have found an increase in
basal plasma IRI and this finding could partly account
for the decrease in plasma glucose concentrations.
Additionally, we have not found any significant effect
of telmisartan on the substrate utilization.

There are still controversial results dealing with the
effect of telmisartan or other ARBs on insulin sensitivity
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Figure 4 Effects of telmisartan treatment and the clamp-induced
hyperinsulinemia on leptin. The circles with error bars symbolize the
group means with their 95% confidence intervals: telmisartan (T; full
circles) and placebo (P; open circles). (A and D) The effect of
telmisartan is illustrated; (B and E) the effect of clamp-induced
hyperinsulinemia is demonstrated; (C and F) the interactions
between telmisartan and hyperinsulinemia are shown. For the
plasma leptin (A—C), the significance of the factors and interactions
was as follows: telmisartan: F=7.6, P=0.0079; subject (inter-
individual variability): F=35.4, P<0.0001; hyperinsulinemia:
F=0.1, P=0.9256; telmisartan X hyperinsulinemia: F=0.6,
P=0.5664. For the leptin expressions (D—F), the significance

of the factors and interactions was as follows: telmisartan: F=2.4,
P=0.133; subject (inter-individual variability): F=4.2, P=0.0012;
hyperinsulinemia: F=56.8, P<0.0001; telmisartan X hyperinsuli-
nemia: F=1, P=0.3357. Statistical significance: **P<0.01 for
differences between initial and current state; ***P<0.001 for
differences between 0 and 30 min. * P<0.05 for differences
between telmisartan and placebo in individual stages of HEC.

in vivo in human subjects (13, 25-27). In our previous
study, we did not find any significant changes in insulin
sensitivity after acute administration of losartan in
healthy subjects (28). Clinical trials with long-term
administration of ARBs (other than telmisartan) using
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the HEC technique for estimation of insulin sensitivity
reported both an increase (29, 30) and no effect (5, 15,
16, 31, 32) of ARBs on glucose disposal in insulin-
resistant subjects. Telmisartan is considered to be a
partial PPARG agonist, and there is experimental
evidence that it has specific metabolic advantages
(18). Although telmisartan has gained much attention
as one of the most metabolically potent ARB
compounds, there are virtually no clinical studies
evaluating the effect of telmisartan on insulin sensitivity
and substrate utilization using the clamp technique
combined with indirect calorimetry. However, a recent
study evaluating the long-term effect of telmisartan on
insulin sensitivity suggests that the magnitude of
PPARG stimulation by telmisartan may be modest
compared with thiazolidindiones (26). On the other
hand, some metabolic effects of telmisartan could be
mediated independently of PPARG (33). In addition, in a
rat model of metabolic syndrome, it increases EE and
protects against dietary-induced obesity (19).

In our study, we have failed to show a statistically
significant effect of telmisartan on insulin sensitivity
and substrate utilization, but our results might be
influenced by the short period of the study and the small
number of patients included. To the best of our
knowledge, no previous study has carefully evaluated
the effect of telmisartan on insulin sensitivity and
substrate utilization using the clamp technique com-
bined with indirect calorimetry in human subjects.

The homeostasis model assessment (HOMA) index
has been used in most of them (25, 34) and, thus, our
study may be the first of its kind.

Insulin secretion has not been carefully evaluated in
our study, but the improvement in blood glucose level
after telmisartan treatment could be related to the
improvement of B-cell function. It has been shown in
experimental animals that treatment with telmisartan
reduces oxidative stress and protects against islet B-cell
damage and dysfunction (35).

The main finding of the present study is the
significant short-term effect of telmisartan on adipokine
production during insulin-stimulated conditions. Adi-
ponectin, leptin and resistin plasma concentrations
increased, whereas a decrease in TNFa, had been found
after telmisartan treatment. We also found an increase
in basal leptin concentrations. The changes in plasma
adipokines could not be directly explained by changes in
their expressions in SAT. The short-term effect of
telmisartan on adipokines during clamp-induced hyper-
insulinemia has not been investigated up to this time;
only the fasting plasma concentrations or adipose tissue
expressions have been reported in the literature so far.

Tumour necrosis factor «

In the present study, the telmisartan treatment
was followed by a decrease in plasma TNFa concen-
trations during insulin-stimulated conditions.
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Figure 5 Effects of telmisartan treatment and the clamp-induced
hyperinsulinemia on resistin. The circles with error bars symbolize
the group means with their 95% confidence intervals: telmisartan
(T; full circles) and placebo (P; open circles). (A and D) The effect of
telmisartan is illustrated; (B and E) the effect of clamp-induced
hyperinsulinemia is demonstrated; (C and F) the interactions
between telmisartan and hyperinsulinemia are shown. For the
p-resistin (A—C), the significance of the factors and interactions was
as follows: telmisartan: F=9, P=0.0043; subject (inter-individual
variability): F=40.9, P<0.0001; hyperinsulinemia: F=18.1,
P<0.0001; telmisartan X hyperinsulinemia: F=1.6, P=0.2033. For
the Ex-resistin (D—F), the significance of the factors and interactions
was as follows: telmisartan: F=1.9, P=0.1753; subject (inter-
individual variability): F=2.3, P=0.0382; hyperinsulinemia:
F=10.5, P=0.0029; telmisartan X hyperinsulinemia: F=0.3,
P=0.6116. Statistical significances: **P<0.01, **P<0.001 for
differences between initial and current state; * * P<0.01 for differences
between telmisartan and placebo in individual stages of HEC.

The expressions of TNFa in subcutaneous fat declined
during hyperinsulinemia but were not affected by
telmisartan treatment. The results are in agreement
with the decrease in fasting TNFa in plasma reported

www.eje-online.org

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2010) 163

after 8-month telmisartan treatment in hypertensive
patients after stent implantation (36) and after 6- and
12-month administration of telmisartan in patients
with metabolic syndrome (34). In addition, pro-
inflammatory properties of TNFa could be attenuated
by telmisartan. Inhibition of TNFa-induced IL6
expression in vascular smooth muscle cells has been
reported after telmisartan treatment (37).

Adiponectin

In our study, telmisartan increased the plasma adipo-
nectin concentrations during insulin-stimulated con-
ditions, whereas the expressions of adiponectin in
subcutaneous fat were not changed. In contrast to
some (13, 27, 36, 38-40), but not all (25), previous
studies, we failed to observe any stimulatory effect of
telmisartan on basal plasma adiponectin concentrations.
Only the trend of an increase has been found in our
insulin-resistant subjects. The results could implicate the
stronger metabolic effect of telmisartan during hyper-
insulinemia compared to basal (pre-prandial) conditions.
ARBs-induced activation of PPARG is advocated (9).
However, recently, it has been showed in 3T3-L1
adipocytes that telmisartan may stimulate adiponectin
gene transcription independent of PPARG (33).

Leptin

An overall increase in circulating leptin after the
telmisartan treatment was documented in the present
study. Telmisartan had no significant effect on leptin
expressions in SAT, but the expression declined during
hyperinsulinemia. The decline was independent of
telmisartan treatment. In the literature, both increase
(25) and decrease (34) in fasting leptin concentrations
have been reported after long-term administration of
telmisartan in hypertensive and type 2 diabetic patients.
Moreover, the lack of effect of telmisartan on circulating
leptin has been found as well (26). Telmisartan-induced
increase in plasma concentrations of leptin might
attenuate body weight gain by reduced food intake
with HOMA-IR improvement (25). The effect of
telmisartan on leptin increase could not be clarified
within the context of metabolic processes in this short
time study (25). However, in accordance with some
authors, we have found a telmisartan-induced increase
in leptin and this finding remains to be explained.

Resistin

To our surprise, in this study, an unexpected increase in
plasma resistin concentration was found during hyper-
insulinemia after telmisartan administration, which is a
novel observation in vivo. In contrast, Derosa et al. (40)
demonstrated a decrease in plasma resistin after the
telmisartan treatment in type 2 diabetic patients.
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However, only fasting concentrations were assessed, the
treatment period was much longer (6 and 12 months),
and the subjects were treated also by rosiglitazone (40). In
our study, resistin expression decreased during the
hyperinsulinemia independent of telmisartan treatment.

The changes in the plasma concentrations and tissue
expressions of adiponectin, TNFa, leptin and resistin
during hyperinsulinemia are discordant, and the
expressions in SAT cannot explain the changes in
circulating adipokines. This finding implicates the role
of other sources of circulating adipokines — other fat
depots or non-adipose sources (e.g. stromal vascular
fraction of adipose tissue, macrophages or endo-
thelium), which have not been addressed in the present
study. However, the differences in the timing of blood
sampling and biopsies should be considered as well.

In addition, the reduction in adipose tissue mass
through weight loss in association with exercise can
increase adiponectin concentrations and lower TNFa
and IL6 levels in plasma, whereas drugs such as
thiazolinediones increase endogenous adiponectin pro-
duction (34, 41). Body weight and exercise had been
kept stable throughout our study, and the patients were
not treated with oral hypoglycemic agents. Thus, we
can exclude the interference of these confounding
factors with effect of telmisartan.

The present study also allowed us to roughly examine
the in vivo effect of insulin on adipokines and their
expressions comparing the fasting values with insulin-
stimulated conditions during clamp (hyperinsulinemia
factor). Only a few studies have investigated the effect of
insulin in vivo in human subjects. It has been shown by
Westerbacka et al. (42) that insulin per se could increase
the expression of a number of cytokines involved in insulin
sensitivity in adipose tissue, including adiponectin and
TNFa. We did not find any significant effect of acute in vivo
hyperinsulinemia induced by clamp on plasma adiponec-
tin, leptin or TNFa (the hyperinsulinemia factor was not
significant). On the other hand, the increase in plasma
resistin concentrations has been confirmed. An increase
in plasma resistin during clamp-induced hyperinsuline-
mia was reported in our previous study in healthy subjects
(28). Similarly, Heilbronn et al. (43) found an increase in
serum resistin concentrations in response to supraphy-
siological doses of insulin (164 +5 mlIU/l) in obese
subjects with and without diabetes. Contrary to the result
of Westerbacka et al. (42), the expressions of adiponectin
did not change, and expressions of TNFa, leptin and
resistin were even suppressed by acute hyperinsulinemia.
However, the present crossover study was not designed to
assess the acute effect of insulin on adipokines. The control
infusion to match the volume expansion during clamp
was not included. Furthermore, the biopsies were taken at
30 min of clamp — very early after starting the insulin
infusion, which is also an important limitation factor
of our study.

The major limitations of our study are small number
of subjects and/or short study duration. We did not
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measure peripheral blood flow. We could not exclude
that the effect of telmisartan has been mediated through
the blood flow improvement as well as blood pressure
improvement both directly and indirectly. Moreover, we
were not able to measure tissue protein levels of
adipokines, and thus we could not exclude that
telmisartan controls post-transcriptional rather than
transcriptional regulation. However, we found the effect
of telmisartan on the parameters mentioned earlier in
spite of the short treatment period. The timing of biopsy
at 30 min before equilibrium status had been achieved
might have an impact on the results while assessing
the acute effect of insulin when euglycemia had not
been reached. The biopsy should have been more
appropriately performed during the last part of the
clamp after 90 min.

We can conclude that, in patients with metabolic
syndrome with impaired fasting glucose, a short-term
treatment with telmisartan surprisingly increases
plasma adiponectin, leptin and resistin concentrations,
and decreases plasma TNFa levels. These results also
implicate that the effect of telmisartan could be
important during hyperinsulinemia, and this is the first
study dealing with positive effect of telmisartan on
plasma adipokines during hyperinsulinemia in patients
with impaired fasting glucose. The changes in plasma
concentrations of adipokines cannot be explained by
their expressions in SAT. The results support the
hypothesis that the changes in selected plasma adipo-
kines might be involved in the beneficial metabolic effects
of telmisartan in patients with metabolic syndrome.
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Abstract

Objective: The potential insulin-sensitizing function of angiotensin II type 1 receptor blockade (ARB)
with regard to selected adipokines is not fully explained so far. Our study aimed to explore the influence
of acute hyperinsulinaemia and acutely induced ARB on resistin and adiponectin concentrations and
expressions in healthy subjects.

Design and methods: Plasma adipokines were measured: 1) at O, 30 and 240 min of hyperinsulinaemic
(1 mU/kg per min) euglycaemic (5 mmol/l) clamp (HEC), and 2) during HEC after acute ARB (losartan
200 mg; AT-HEC) using the same protocol, in eight healthy subjects. Needle biopsy of abdominal s.c.
fat was performed at 0, 30 and 240 min of both clamps to assess the adipokines’ expressions.
Results: Comparing the glucose disposals of HEC and AT-HEC, no difference in insulin sensitivity was
found. Plasma resistin increased equally during HEC and AT-HEC (P <0.05). The expression of resistin
in s.c. fat increased during HEC (P <0.05), while no significant changes in expression were observed
during AT-HEC. Plasma levels of adiponectin did not change during both clamps. Adiponectin
expression increased during HEC (P <0.05), while it did not change during AT-HEC.

Conclusions: In healthy subjects, acute hyperinsulinaemia is associated with an increase in plasma
resistin independently of ARB, while plasma adiponectin is not influenced by insulin or ARB. The
expressions of both resistin and adiponectin in s.c. adipose tissue are stimulated by acute
hyperinsulinaemia, whereas losartan attenuates their insulin-stimulated expressions. This suggests
a potential effect of losartanon adipokines’ expression.

European Journal of Endocrinology 157 443-449

which the high-molecular weight (HMW) multimers
exert the predominant action. Two adiponectin
receptors, AdipoR1 and AdipoR2, have been identified
that up-regulate AMP-activated protein kinase activity.
Adiponectin directly increases hepatic insulin sensi-
tivity, promotes fuel oxidation in skeletal muscle and
decreases vascular inflammation. Hypoadiponectin-
aemia is known to be consistently related to insulin
resistance, obesity, type 2 diabetes, coronary heart
disease, hypertension and atherosclerosis based on both
experimental and clinical studies (10, 11). Up-regula-

Introduction

Resistin is an adipocyte-secreted peptide hormone that
has been proposed to link obesity with insulin
resistance. It was identified as a factor impairing glucose
homeostasis and inducing hepatic insulin resistance in
mice (1). Recent studies in rodent models and humans
show contradictory results (2-6). Mouse resistin is
predominantly expressed in white adipose tissue,
whereas human resistin expression in adipocytes is
significantly lower and there are other important

sources of resistin, e.g. mononuclear cells, endothelial,
vascular smooth cells (2) or islets of Langerhans (7).
The receptor for resistin, its signalling pathway, target
tissues and its biological effect and regulation in human
physiology have not been clearly identified up to now.
Adiponectin is an insulin-sensitizing adipokine speci-
fically and abundantly expressed in adipose tissue (8, 9).
It is present in the circulation at high concentrations in
the form of different multimeric complexes, among

© 2007 Society of the European Journal of Endocrinology

tion of adiponectin is a partial cause of the insulin-
sensitizing action of thiazolidinediones.

Evidence has accumulated that insulin resistance
may be improved by interrupting renin—angiotensin
system (RAS). Angiotensin-converting enzyme (ACE)
inhibitors and angiotensin II type 1 receptor antagon-
ists are able to interfere with the adverse metabolic
effects of angiotensin II on insulin signalling, tissue
blood flow, oxidative stress, sympathetic activity or
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adipogenesis (12, 13). The antidiabetic properties of
ACE inhibitors may be largely mediated through
increases in bradykinin levels, nitric oxide and the
GLUT4 glucose transporter (13).

The effect of angiotensin II type 1 receptor blockade
(ARB) on glucose metabolism and insulin resistance
remains controversial, and the mechanisms are not fully
understood. Experimental and in vitro studies showed
that ARB may improve insulin sensitivity via decreasing
adipocyte size (14), promotion of adipocyte differen-
tiation and preventing ectopic lipid deposition (15).
Several randomized, placebo-controlled studies using
the HEC technique have found little positive or no effect
of ARB on insulin action in rodents (16, 17) and humans
(18, 19). Clinical trials using ARB have provided indirect
support for the possibility that ARB per se might improve
insulin sensitivity and decrease incidence of type 2
diabetes (LIFE, CHARM and VALUE) (20).

It has been shown that treatment with losartan does
not influence plasma leptin levels (21) and that RAS
blockade (22) or losartan (23) increases adiponectin
levels, but the effect of losartan on expressions of
adipokines in human adipose tissue under conditions of
hyperinsulinaemia has not been studied yet.

The aims of our study were twofold: to determine
resistin and adiponectin plasma concentrations
together with their expressions in abdominal s.c.
adipose tissue and also to test their responses to acutely
induced hyperinsulinaemia with and without acute
ARB in healthy subjects.

Subjects and methods
Subjects

We examined eight healthy men who had normal
glucose tolerance (confirmed by an oral glucose
tolerance test), blood pressure and serum lipids. Only
male subjects participated because of the variable
insulin sensitivity in women according to the menstrual
cycle and with respect to sexual dimorphism of plasma
adiponectin levels. Clinical and physiological charac-
teristics of the study group are summarized in Table 1.
The subjects were not taking any drugs and none had a
family history of diabetes. They were euthyroid and
none had a concomitant disease. Informed consent was
obtained from all the individuals after the purpose,
nature and potential risks of the study had been
explained. The study was approved by the local ethics
committee.

Study protocol

The subjects were examined on an outpatient basis,
after overnight fasting with only tap water allowed ad
libitum. They were instructed to adhere to their ordinary
lifestyle, avoid any changes in food intake or alcohol

www.eje-online.org
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Table 1 Clinical and physiological characteristics of the study
group.

n=8 Mean +s.E.m.
Age (years) 25.75+1.29
Body mass index (kg/m?) 24.9640.60
Waist circumference (cm) 88.50+1.78
Fasting blood glucose (mmol/l) 4.51+0.23
Blood glucose at 120 min of OGTT (mmol/l) 4.55+0.24
Fasting IRI (mIU/1) 4.15+0.91
HbA1c (%), according to IFCC 2.58+0.22
Albuminuria (png/min) 2.52+0.91
Creatinine (umol/l) 86.95+3.71
Total cholesterol (mmol/l) 4.24+0.26
Triglycerides (mmol/l) 0.87+£0.11
HDL cholesterol (mmol/l) 1.45+0.12
LDL cholesterol (mmol/l) 2.48+0.20

consumption and to refrain from strenuous physical
activity for a period of 24 h before the experiment. The
subjects underwent two HECs at least 4 weeks apart,
both taking 4 h to complete, in random order:

Study 1 The HEC was conducted as previously described
(24). Briefly, a Teflon cannula (Venflon; Viggo, Helsing-
borg, Sweden) was inserted into an antecubital vein for
the infusion of all test substances. A second cannula was
inserted retrogradely into a wrist vein for blood sampling
and the hand was placed in a heated (65 °C) box in order
to achieve venous blood arterialization. A primed
continuous insulin infusion (1 mU/kg per min of Actrapid
HM (NovoNordisk, Copenhagen, Denmark) dissolved in
0.9% NaCl) was administered to acutely raise and
maintain the plasma concentrations of insulin. Plasma
glucose concentrations during the clamp were main-
tained at the 5 mmol/l level by continuous infusion of
15% glucose. To prevent hypokalaemia during insulin
infusion, potassium chloride was added to the 15%
glucose infusion (30 mmol/l KCl). To assess plasma levels
of selected adipokines, blood samples were taken at O, 30
and 240 min of the clamp study.

Needle biopsy of abdominal s.c. adipose tissue was
performed at O, 30 and 240 min of the clamp. Under
local anaesthesia (1% trimecain in a field block pattern),
an incision (3—4 mm) was made through the skin at the
lower abdomen and an s.c. fat specimen (300 mg) was
obtained by needle aspiration. The samples were
washed in 0.9% natrium chloride solution, immediately
frozen by liquid nitrogen and stored at —80 °C until
used for RNA extraction.

Study 2 An identical clamp study was performed after
acute ARB (AT-HEC). Losartan 2 X100 mg was given
per os prior to the study (8 h and immediately prior to
the clamp) and a hyperinsulinaemic (1 mU/kg per min)
euglycaemic (5 mmol/l) clamp was conducted as
described previously. Blood samples and adipose tissue
biopsies were collected at 0, 30 and 240 min of the
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clamp to determine plasma concentrations and
expressions of selected adipokines.

Analytical methods

Plasma concentrations of glucose were measured using

the Beckman analyzer (Beckman Instruments Inc.,

Fullerton, CA, USA) with the glucose oxidase method.

Immunoreactive insulin (IRI) was determined by the RIA

method using an IMMUNOTECH Insulin IRMA kit

(IMMUNOTECH AS, Prague, Czech Republic) with an

analytical sensitivity 0.5 pIU/ml, and intra-assay and

inter-assay coefficients of variation below or equal to 4.3

and 3.4% respectively. Glycosylated haemoglobin was

measured by HPLC method using the Variant IT HbAlc

Program (Bio-Rad Laboratories GmbH), and for

calibration, a method approved by International Federa-

tion of Clinical Chemistry and Laboratory Medicine was
used (25). Plasma concentrations of resistin were
measured according to manufacturer’s instructions by

Human Resistin ELISA kit (BioVendor Lab. Med. Inc.,

Brno, Czech Republic; the detection limit was 0.033 ng/

ml and intra-assay and inter-assay coefficients of variation

are 2.8-3.4 and 5.1-6.9% respectively). For analysis of

total adiponectin plasma levels, Human Adiponectin

ELISA kit was used (BioVendor Lab. Med. Inc.; the

detection limit was 210 ng/ml and intra-assay and

inter-assay coefficients of variation are 6.4-7.0 and
7.3-8.2% respectively).

Expression of adipokines was analysed by the real-
time PCR (RT-PCR) using the following protocol:

(1) The RNA was isolated from the liquid nitrogen
frozen biopsy of the human fat tissue using the
RNeasy Lipid Tissue Mini Kit and QIAzol Lysis
Reagent (Qiagen). The starting amount of
100 mg tissue was excised from the biopsy, and
homogenized in 1 ml QIAzol Lysis Reagent
(guanidine thiocyanate—phenol solution) for
2 min. From the homogenate, the RNA was
isolated by extraction on silica gel-based column,
according to the kit handbook. Possible contami-
nation of RNA with genomic DNA remains was
taken off by DNase digestion (RNase-free DNase
Set; Qiagen). This step is supposed to prevent any
later DNA amplification. Beyond this, the
denaturation curves were measured during each

Table 2 Primers used for RT-PCR.

Hyperinsulinaemia and AT-1 receptor blockade ~ 445
reaction and there was just one product present
in all the measurements.

(2) The cDNA was synthesized using a recombinant
Omniscript Reverse Transcriptase (Qiagen), RNase
inhibitor from human placenta (Sigma) and
(dT); ¢ oligonucleotides.

(3) RT-PCR procedure itself was carried out on the DNA
Engine Opticon 2 System (M] Research, Waltham,
MA, USA). HotStar Taq DNA polymerase and SYBR
Green fluorescent dye (QuantiTec SYBR Green PCR
Kit; Qiagen) were used for the RT-PCR procedure.
To eliminate the influence of primer dimers, negative
controls were used. To account for differences in
cDNA loading, the results were expressed relative
to the expression of human cyclophilin (used as
a reference gene). There is no evidence of insulin
or ARB influence on cyclophilin, which is a house-
keeping gene encoding a cytoskeleton protein.
Primers used for RT-PCR are given in Table 2.

(4) The data were processed by Q-gene 96 software.

Calculations

Insulin action was estimated as the glucose disposal (M)
calculated during the last 30 min of the clamp as the
rate of glucose infusion after correction for changes in
glucose pool size and urinary glucose loss. Insulin
sensitivity index M/I (glucose disposal normalized by
plasma insulin during steady-state period) was calcu-
lated to correct for any variations in plasma insulin.

Statistical analysis

The data are expressed as mean =+ s.5.M., unless provided
otherwise. Steady-state periods of both clamps were
compared using Wilcoxon'’s paired test. The differences
between time courses of both clamps were evaluated by
repeated measures ANOVA model, including following
factors and interactions: effects of treatment (HEC versus
AT-HEC) and time (the effect of hyperinsulinaemia) as
the within factors, subject factor (represents the
interindividual variability of subjects) and treatment X
time interaction. The last term indicated if the shapes of
the time profiles for HEC and AT-HEC were different or
not. The differences between subgroups were evaluated

Accession

Gene number Forward primer Reverse primer

Resistin AY207314 HRETN-F: 5’-ATA AGC AGC ATT GGC HRETN-R: 5’-TGG CAG TGA CAT GTG
CTG G-3 GTC T-3

Adiponectin XM_290602 HACRP30-F: 5'-GGT TCA ATG GCT TGT HACRP30-R: 5'-TCA TCC CAA GCT GAT
TTG C-3’ TCT G-3'

Cyclophilin XM_090070 HCLPNa-F: 5'-CAA ATG CTG GAC CCA HCLPNa-R: 5'-TGC CAT CCA ACC ACT
ACA CA-3' CAG TC-3'

www.eje-online.org
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using least significant difference multiple comparisons. A
statistical significance of P<<0.05 was chosen for both
ANOVA testing and multiple comparisons. Due to non-
Gaussian data distribution in all dependent variables, the
data underwent power transformations to attain dis-
tributional symmetry and a constant variance in the
data as well as in residuals. The non-homogeneities were
detected using residual diagnostics. The experimental
points with absolute values of studentized residual (after
data transformation) >3 were excluded from the
analysis. The fraction of such points never exceeded 5%
of the total number. Statistical software Statgraphics
Plus v. 5.1 (Manugistics; Rockville, MD, USA) was used
for the data analysis.

Results

Acute ARB had no impact on diuresis, systolic and
diastolic blood pressure in our study group (data not
shown).

During the steady-state periods of HEC versus AT-HEC,
the clamps were comparable in terms of the mean plasma
glucose concentrations (4. 68+0.32 vs 4.75+
0.20 mmol/l) with coefficient of variation 3.37+0.55
vs 3.42+1.87%. Although the mean IRI levels were
different when comparing both the clamps (65.11 +
7.53vs 75.28+6.95 ulU/ml; P<0.05), the parameters
of insulin sensitivity did not significantly differ between
HEC and AT-HEC, being expressed as the glucose disposal
(M; 9.554+0.56 vs 9.15+1.68 mg/kg per min), as
well as calculated as the insulin sensitivity index M/I
(0.15£0.01vs 0.13 +£0.01 mg/kg per min/uIU per ml).

Plasma concentrations of resistin during HEC and
AT-HEC are shown in Fig. la. The ANOVA model
indicated a significant increase in plasma resistin during
both clamps. The time factor was significant (P <0.05),
while the treatment factor as well as the interaction
between the factors time and treatment were not.
Despite the multiple comparisons reaching significance
only for the difference between basal value and 240 min
for AT-HEC (P<0.05), the time trend did not signi-
ficantly differ between the clamps.

Figure 1b shows relative expressions of resistin. Here,
the time effect, as well as the treatment effect, was not
significant. On the other hand, the shapes of the
expressions’ time profiles differed significantly between
HEC and AT-HEC (treatmentXtime interaction;
P <0.05): resistin expression increased during HEC, as
also documented by multiple comparisons (0 vs
240 min; P<0.05), while during AT-HEC the expression
did not change. Moreover, at 240 min of AT-HEC, resistin
expression was significantly lower when compared with
HEC (P <0.05 by multiple comparisons).

In plasma adiponectin, no factor or interaction
reached significance (Fig. 2a). In addition, the multiple
comparisons did not show any significant differences

www.eje-online.org
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(a) Treatment : F=0.01, NS
Subject: F=40.8, P<0.0001
Time: F=4.29, P<0.05
Treatment x Time: F=0.99, NS
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Figure 1 Resistin during HEC and AT-HEC as (a) plasma
concentration and (b) relative expression levels. Data shown as
retransformed means with 95% confidence intervals. F, Fisher’s
statistics for individual factors and interactions. *P<0.05 between
basal and stimulated values, #P< 0.05 between HEC and AT-HEC
in individual stages.

between clamps for basal (O min) or stimulated
(240 min) values.

Figure 2b represents relative expressions of adipo-
nectin. In this variable, both time and treatment effects
were not significant. However, the shapes of the time
profiles differed between HEC and AT-HEC (as docu-
mented by significant treatmentXtime interaction;
P<0.05). Adiponectin expression increased during
HEC, as also confirmed by multiple comparisons (O vs
240 min; P<0.05), while it did not change during
AT-HEC. Multiple comparisons found no significant
differences between clamps for basal (O min), as well as
stimulated (240 min) values.

Discussion

Our study shows that in healthy subjects, acute
hyperinsulinaemia induces an increase in resistin
plasma concentration and stimulates the expression of
resistin in s.c. adipose tissue, which is a novel
observation in vivo. Our finding is consistent with



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2007) 157

(a) Treatment : F=0.48, NS
Subject: F=28.4, P<0.0001
Time: F=1.83, NS
Treatment x Time: F=3.01, NS
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Figure 2 Adiponectin during HEC and AT-HEC as (a) plasma
concentration and (b) relative expression levels. Data shown as
retransformed means values with 95% confidence intervals. F,
Fisher's statistics for individual factors and interactions. *P< 0.05
between the basal and stimulated values.

several studies in rodent models (2) or in vitro studies
(26, 2). To the contrary, other groups showed the
opposite in mice and 3T3-L1 adipocytes (2). Few studies
have investigated the effect of insulin in vivo in humans;
Heilbronn (27) observed an increase in serum resistin
concentrations in response to supraphysiological doses
of insulin (16445 mIU/l) in obese subjects with and
without diabetes. However, clinical studies in humans
do not show a consistent link between serum resistin
and either insulin resistance or obesity (3—6).

In our study group, adiponectin plasma concen-
trations were not affected by hyperinsulinaemia,
whereas its expression was stimulated by insulin.
These findings are in agreement with recent evidence
that circulating adiponectin per se is not a subject for
acute regulation, but its expression seems to be
regulated acutely (9), preceding thereby systemic
changes. Consistent results in vivo were shown by
Westerbacka et al. (28), who found an increased
adiponectin expression in s.c. fat after 6 h of hyper-
insulinaemia in insulin-sensitive subjects, which was
not accompanied by any changes in serum levels of
adiponectin. However, in the literature, a 7-8% decline
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of circulating adiponectin during hyperinsulineamia in
healthy men (29-31) is reported, which is more
pronounced (16—20% decrease) when a twofold higher
insulin infusion rate is used (32, 33). To the contrary,
other groups did not find any changes in plasma
adiponectin in response to insulin (34, 35), which is in
agreement with our results. The source of such
discrepancies might lie partly in diverse analyses that
were used or different ethnic groups that were studied
(there is a broad range of reported absolute values for
serum adiponectin: 2-20 pg/ml). Another point that
should be specified accurately is a potential confound-
ing factor of haemodilution during clamp. To further
distinguish the regulations in vivo, it will be necessary to
measure the adiponectin isoforms selectively, since the
HMW form is known to be the most active one (8) and it
correlates better with glucose disposal (36).

In accordance with previously mentioned study (28),
we report an increase in adiponectin mRNA in s.c. adipose
tissue in response to insulin in vivo. A 24-hour insulin
treatment induced an increase in adiponectin mRNA in
isolated human visceral adipose tissue (37), but a
reduction of adiponectin expression was detected in 3T3-
L1 adipocytes (38). Although the secretion of adiponectin
from visceral and s.c. depots appears comparable (39), the
regulations may exhibit some depot specificity (9). It will
be important to further elucidate the effect of insulin on
adiponectin production in different fat depots and in
different stages of insulin resistance.

Acute ARB did not change the parameters of insulin
sensitivity in our study group, that can be defined as
insulin sensitive. Interruption of angiotensin II signal-
ling was reached by administration of losartan 2 X
100 mg total, which ensured linear pharmacokinetics
within the biological period of the drug (2 h) and its
active metabolite (6-9 h). However, the plasma levels
may not mirror effective tissue concentrations, which are
crucial for potential metabolic effects. Recently, it was
proved that the active losartan metabolite EXP3179 also
shows a partial PPARY agonistic effect (40).

The effect of acute ARB on insulin sensitivity has not
been studied in humans thus far; clinical trials using long-
term administration of ARBs (other than telmisartan)
with the HEC technique reported both increases (41, 22)
and no effect (42, 43) on glucose disposal in insulin-
resistant subjects. Hence, it is necessary to compare our
findings in healthy controls with insulin-resistant subjects.

Independent of ARB, plasma concentrations of resistin
increased during hyperinsulinaemia, and adiponectin
plasma levels were not influenced. To the contrary, the
insulin-stimulated expressions of resistin and adiponec-
tin in s.c. adipose tissue were attenuated by losartan.

Our finding of increased plasma resistin in spite of
decreased expression in s.c. fat implicates a role of
another source of circulating resistin — a different fat
depot or potential non-adipose sources (e.g. stromal
vascular fraction of adipose tissue, macrophages or
endothelium). Other studies in rodents and humans
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(2, 5) found increased expression of resistin in
visceral fat depots when compared with s.c. at
basal conditions, although the source of resistin
was thought to be non-adipocytes. Nevertheless, the
attenuation of insulin-stimulated resistin expression
following acute ARB implies a positive role of
losartan in endocrine activity of adipose tissue.

An increase in circulating adiponectin after 2-month
treatment with losartan in hypertensive patients has
been reported (23), and there are other experimental
data showing enhanced adiponectin expression in
response to long-term ARB (44, 45), possibly via
PPARYy activation. All the experiments and clinical
studies tested different ARB substances in different
models of insulin resistance, and there is no evidence
about the regulations in healthy subjects. We have
observed that acute losartan administration attenuates
the insulin-induced expression of adiponectin. This
unexpected trend in adiponectin expression should be
proven in long-term treatment to distinguish acute and
long-term regulations in vivo. However, the limited
sample size of our study should be considered as well.
Further studies are needed to support the hypothesis
that losartan exerts its positive effects on insulin
sensitivity through other mechanisms than stimulation
of adiponectin.

Recently, it was proven that the beneficial metabolic
effect of ARB goes beyond simple interruption of RAS
(12). Our results suggest potential effects of losartan on
resistin and adiponectin expression that might influence
further metabolic or proinflammatory factors.

Paradoxically, higher insulin plasma levels were
detected in the steady-state period of AT-HEC when
compared with HEC. There were no changes in body
weight between the clamps, and therefore, the insulin
infusion rates were comparable for both clamps. Higher
insulin levels after losartan administration cannot be
explained by involvement of insulin secretion, because
angiotensin II receptor activation, not inhibition, was
shown to stimulate insulin secretion (46). Impairment
of insulin clearance in liver by ARB cannot be excluded,
but there is no corresponding data available. However,
the beneficial effects of losartan in our study were seen
despite higher insulin levels.

We can conclude that in healthy subjects, acute
hyperinsulinaemia stimulates an increase in plasma
concentration and expression of resistin in s.c. adipose
tissue. While the ARB does not modify the insulin-
induced changes in plasma resistin, it attenuates the
response of resistin expression in adipose tissue. Acute
hyperinsulinaemia is associated with an increase in
adiponectin expression, but not in its plasma levels.
Losartan reduces the insulin-stimulated expression of
adiponectin.

These findings have to be further investigated in
larger cohorts in comparison with insulin-resistant
subjects, by short- or long-term ARB administration,
together with analysis of non-adipose sources of resistin.

www.eje-online.org

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2007) 157

Acknowledgements

We thank the skilful technical assistance of Ms Dana
Lapesova and Ms Dagmar Sisakova. This study was
supported by grant from the Health Ministry of the
Czech Republic (project no. NR/8821-3).

References

1 Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright CM,
Patel HR, Ahima RS & Lazar MA. The hormone resistin links
obesity to diabetes. Nature 2001 409 307-312.

2 Steppan CM & Lazar MA. The current biology of resistin. Journal of
Internal Medicine 2004 255 439-447.

3 Yu YH & Ginsberg HN. Adipocyte signaling and lipid homeostasis:
sequelae of insulin-resistant adipose tissue. Circulation Research
2005 96 1042-1052.

4 Arner P. Resistin: yet another adipokine tells us that men are not

mice. Diabetologia 2005 48 2203-2205.

Kershaw EE & Flier JS. Adipose tissue as an endocrine organ. Journal of

Clinical Endocrinology and Metabolism 2004 89 2548-2556.

6 Menzaghi C, Coco A, Salvemini L, Thompson R, De Cosmo S,
Doria A & Trischitta V. Heritability of serum resistin and its genetic
correlation with insulin resistance-related features in nondiabetic
Caucasians. Journal of Clinical Endocrinology and Metabolism 2006
91 2792-2795.

7 Minn AH, Patterson NB, Pack S, Hoffmann SC, Gavrilova O,
Vinson C, Harlan DM & Shalev A. Resistin is expressed in
pancreatic islets. Biochemical and Biophysisical Research Communi-
cations 2003 310 641-645.

8 Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K & Tobe K.
Adiponectin and adiponectin receptors in insulin resistance,
diabetes, and the metabolic syndrome. Journal of Clinical
Invesigation 2006 116 1784-1792.

9 Whitehead JP, Richards AA, Hickman IJ, Macdonald GA &

Prins JB. Adiponectin—a key adipokine in the metabolic syndrome.

Diabetes, Obesity and Metabolism 2006 8 264-280.

Matsuzawa Y. The metabolic syndrome and adipocytokines. FEBS

Letters 2006 580 2917-2921.

11 Berg AH & Scherer PE. Adipose tissue, inflammation, and
cardiovascular disease. Circulation Research 2005 96 939-949.

12 Kurtz TW & Pravenec M. Antidiabetic mechanisms of angiotensin-
converting enzyme inhibitors and angiotensin II receptor
antagonists: beyond the renin-angiotensin system. Journal of
Hypertension 2004 22 2253-2261.

13 Scheen AJ. Renin-angiotensin system inhibition prevents type 2
diabetes mellitus. Part 2. Overview of physiological and bio-
chemical mechanisms. Diabetes & Metabolism 2004 30 498-505.

14 Furuhashi M, Ura N, Takizawa H, Yoshida D, Moniwa N,
Murakami H, Higashiura K & Shimamoto K. Blockade of
the renin-angiotensin system decreases adipocyte size with
improvement in insulin sensitivity. Journal of Hypertension 2004
22 1977-1982.

15 Sharma AM, Janke ], Gorzelniak K, Engeli S & Luft FC. Angiotensin
blockade prevents type 2 diabetes by formation of fat cells.
Hypertension 2002 40 609-611.

16 Henriksen EJ, Jacob S, Kinnick TR, Teachey MK & Krekler M.
Selective angiotensin II receptor receptor antagonism reduces
insulin resistance in obese Zucker rats. Hypertension 2001 38
884-890.

17 Wang CH, Leung N, Lapointe N, Szeto L, Uffelman KD, Giacca A,
Rouleau JL & Lewis GF. Vasopeptidase inhibitor omapatrilat
induces profound insulin sensitization and increases myocardial
glucose uptake in Zucker fatty rats: studies comparing a
vasopeptidase inhibitor, angiotensin-converting enzyme inhibitor,
and angiotensin II type I receptor blocker. Circulation 2003 107
1923-1929.

w

1C

(e}



EUROPEAN JOURNAL OF ENDOCRINOLOGY (2007) 157

18

19

20

(e

21

22

23

24

26

27

28

29

30

31

32

33

Nielsen S, Hove KY, Dollerup J, Poulsen PL, Christiansen ]S,
Schmitz O & Mogensen CE. Losartan modifies glomerular
hyperfiltration and insulin sensitivity in type 1 diabetes. Diabetes,
Obesity and Metabolism 2001 3 463-471.

Fishman S, Rapoport MJ, Weissgarten J, Zaidenstein R, Dishi V,
Hartzeanu I & Golik A. The effect of Losartan on insulin resistance
and beta cell function in chronic hemodialysis patients. Renal
Failure 2001 23 685-692.

Scheen A]. Renin-angiotensin system inhibition prevents type 2
diabetes mellitus. Part 1. A meta-analysis of randomised clinical
trials. Diabetes and Metabolism 2004 30 487-496.

Sonmez A, Kisa U, Uckaya G, Eyileten T, Comert B, Koc B,
Kocabalkan F & Ozata M. Effects of losartan treatment on T-cell
activities and plasma leptin concentrations in primary hyperten-
sion. Journal of the Renin-Angiotensin-Aldosterone System 2001 2
112-116.

Furuhashi M, Ura N, Higashiura K, Murakami H, Tanaka M,
Moniwa N, Yoshida D & Shimamoto K. Blockade of the renin-
angiotensin system increases adiponectin concentrations in
patients with essential hypertension. Hypertension 2003 42 76—81.
Koh KK, Quon MJ, Han SH, Chung W], Ahn JY, Seo YH, Kang MH,
Ahn TH, Choi IS & Shin EK. Additive beneficial effects of losartan
combined with simvastatin in the treatment of hypercholester-
olemic, hypertensive patients. Circulation 2004 110 3687-3692.
Pelikanova T, Smrckova I, Krizova J, Stribrna ] & Lanska V.
Effects of insulin and lipid emulsion on renal haemodynamics and
renal sodium handling in IDDM patients. Diabetologia 1996 39
1074-1082.

Goodall 1. HbAlc standardisation destination—global IFCC
Standardisation. How, why, where and when—a tortuous pathway
from kit manufacturers, via inter-laboratory lyophilized and whole
blood comparisons to designated national comparison schemes.
Clinical Biochemist. Reviews 2005 26 5-19.

McTernan PG, Fisher FM, Valsamakis G, Chetty R, Harte A,
McTernan CL, Clark PM, Smith SA, Barnett AH & Kumar S.
Resistin and type 2 diabetes: regulation of resistin expression
by insulin and rosiglitazone and the effects of recombinant resistin
on lipid and glucose metabolism in human differentiated
adipocytes. Journal of Clinical Endocrinology and Metabolism 2003
88 6098-6106.

Heilbronn LK, Rood J, Janderova L, Albu JB, Kelley DE, Ravussin E
& Smith SR. Relationship between serum resistin concentrations
and insulin resistance in nonobese, obese, and obese diabetic
subjects. Journal of Clinical Endocrinology and Metabolism 2004 89
1844-1848.

Westerbacka ], Corner A, Kannisto K, Kolak M, Makkonen ],
Korsheninnikova E, Nyman T, Hamsten A, Fisher RM &
Yki-Jarvinen H. Acute in vivo effects of insulin on gene expression
in adipose tissue in insulin-resistant and insulin-sensitive subjects.
Diabetologia 2006 49 132-140.

Hojlund K, Frystyk J, Levin K, Flyvbjerg A, Wojtaszewski JF &
Beck-Nielsen H. Reduced plasma adiponectin concentrations may
contribute to impaired insulin activation of glycogen synthase in
skeletal muscle of patients with type 2 diabetes. Diabetologia 2006
49 1283-1291.

Mohlig M, Wegewitz U, Osterhoff M, Isken F, Ristow M, Pfeiffer AF
& Spranger J. Insulin decreases human adiponectin plasma levels.
Hormone and Metabolic Research 2002 34 655—-658.

Brame LA, Considine RV, Yamauchi M, Baron AD & Mather KJ.
Insulin and endothelin in the acute regulation of adiponectin
in vivo in humans. Obesity Research 2005 13 582—588.

Yu JG, Javorschi S, Hevener AL, Kruszynska YT, Norman RA,
Sinha M & Olefsky JM. The effect of thiazolidinediones on plasma
adiponectin levels in normal, obese, and type 2 diabetic subjects.
Diabetes 2002 51 2968-2974.

Koistinen HA, Remitz A, Koivisto VA & Ebeling P. Paradoxical rise
in serum adiponectin concentration in the face of acid-induced
insulin resistance 13-cis-retinoic. Diabetologia 2006 49 383-386.

34

35

36

37

38

39

40

41

42

43

44

46

449

Hyperinsulinaemia and AT-1 receptor blockade

Dullaart RP, Riemens SC, Meinardi JR, Wolffenbuttel BH &
Sluiter WJ. Plasma adiponectin is modestly decreased during
24-hour insulin infusion but not after inhibition of lipolysis by
Acipimox. Scandinavian Journal of Clinical and Laboratory Investi-
gation 2005 65 523-531.

Heliovaara MK, Strandberg TE, Karonen SL & Ebeling P.
Association of serum adiponectin concentration to lipid and
glucose metabolism in healthy humans. Hormone and Metabolic
Research 2006 38 336-340.

Fisher FF, Trujillo ME, Hanif W, Barnett AH, McTernan PG,
Scherer PE & Kumar S. Serum high molecular weight complex of
adiponectin correlates better with glucose tolerance than total
serum adiponectin in Indo-Asian males. Diabetologia 2005 48
1084-1087.

Halleux CM, Takahashi M, Delporte ML, Detry R, Funahashi T,
Matsuzawa Y & Brichard SM. Secretion of adiponectin and
regulation of apM1 gene expression in human visceral adipose
tissue. Biochemical and Biophysisical Research Communications 2001
288 1102-1107.

Fasshauer M, Klein J, Neumann S, Eszlinger M & Paschke R.
Hormonal regulation of adiponectin gene expression in 3T3-L1
adipocytes. Biochemical and Biophysisical Research Communications
2002 290 1084-1089.

Fain JN, Madan AK, Hiler ML, Cheema P & Bahouth SW.
Comparison of the release of adipokines by adipose tissue, adipose
tissue matrix, and adipocytes from visceral and subcutaneous
abdominal adipose tissues of obese humans. Endocrinology 2004
145 2273-2282.

Schupp M, Lee LD, Frost N, Umbreen S, Schmidt B, Unger T &
Kintscher U. Regulation of peroxisome proliferator-activated
receptor gamma activity by losartan metabolites. Hypertension
2006 47 586-589.

Paolisso G, Tagliamonte MR, Gambardella A, Manzella D,
Gualdiero P, Varricchio G, Verza M & Varricchio M. Losartan
mediated improvement in insulin action is mainly due to an
increase in non-oxidative glucose metabolism and blood flow
in insulin-resistant hypertensive patients. Journal of Human
Hypertension 1997 11 307-312.

Fogari R, Zoppi A, Preti P, Fogari E, Malamani G & Mugellini A.
Differential effects of ACE-inhibition and angiotensin II antagon-
ism on fibrinolysis and insulin sensitivity in hypertensive
postmenopausal women. American Journal of Hypertension 2001
14 921-926.

Yavuz D, Koc M, Toprak A, Akpinar I, Velioglu A, Deyneli O,
Haklar G & Akalin S. Effects of ACE inhibition and AT1-receptor
antagonism on endothelial function and insulin sensitivity in
essential hypertensive patients. Journal of the Renin-Angiotensin-
Aldosterone System 2003 4 197-203.

Clasen R, Schupp M, Foryst-Ludwig A, Sprang C, Clemenz M,
Krikov M, Thone-Reineke C, Unger T & Kintscher U. PPARgamma-
activating angiotensin type-1 receptor blockers induce adiponec-
tin. Hypertension 2005 46 137-143.

Zorad S, Dou JT, Benicky J, Hutanu D, Tybitanclova K, Zhou | &
Saavedra JM. Long-term angiotensin II AT1 receptor inhibition
produces adipose tissue hypotrophy accompanied by increased
expression of adiponectin and PPARgamma. European Journal of
Pharmacology 2006 552 112-122.

Ramracheya RD, Muller DS, Wu Y, Whitehouse BJ, Huang GC,
Amiel SA, Karalliedde J, Viberti G, Jones PM & Persaud §J. Direct
regulation of insulin secretion by angiotensin II in human islets of
Langerhans. Diabetologia 2006 49 321-331.

Received 19 January 2007
Accepted 13 July 2007

www.eje-online.org



Priloha 5



Am J Physiol Endocrinol Metab 285: E599-E607, 2003;
10.1152/ajpendo.00502.2002.

Activation of as-adrenergic receptors blunts

epinephrine-induced lipolysis in subcutaneous adipose tissue

during a hyperinsulinemic euglycemic clamp in men

Vladimir Stich,! Tereza Pelikanova,? Petr Wohl,? Coralie Sengenés,?

Alexia Zakaroff-Girard,®> Max Lafontan,® and Michel Berlan3*

1Department of Sports Medicine, Third Faculty of Medicine, Charles University, 2Diabetes Center,
Institute for Clinical and Experimental Medicine, Prague, Czech Republic; Obesity Research
Unit, Institut National de la Santé et de la Recherche Médicale, Unité 586, and *Department of
Medical and Clinical Pharmacology, Faculty of Medicine, 31073 Toulouse, France

Submitted 14 November 2002; accepted in final form 21 May 2003

Stich, Vladimir, Tereza Pelikanova, Petr Wohl, Cor-
alie Sengenes, Alexia Zakaroff-Girard, Max Lafontan,
and Michel Berlan. Activation of as-adrenergic receptors
blunts epinephrine-induced lipolysis in subcutaneous adi-
pose tissue during a hyperinsulinemic euglycemic clamp in
men. Am J Physiol Endocrinol Metab 285: E599-E607, 2003;
10.1152/ajpendo.00502.2002.—The aim of this study was to
investigate whether hyperinsulinemia modifies adrenergic
control of lipolysis, with particular attention paid to the
involvement of antilipolytic as-adrenergic receptors (AR).
Eight healthy male subjects (age: 23.9 = 0.9 yr; body mass
index: 23.8 = 1.9) were investigated during a 6-h euglycemic-
hyperinsulinemic clamp and in control conditions. Before and
during the clamp, the effect of graded perfusions of isopro-
terenol (0.1 and 1 pM) or epinephrine (1 and 10 uM) on the
extracellular glycerol concentration in subcutaneous abdom-
inal adipose tissue was evaluated by using the microdialysis
method. Both isoproterenol and epinephrine induced a dose-
dependent increase in extracellular glycerol concentration
when infused for 60 min through the microdialysis probes
before and during hours 3 and 6 of the clamp. The cate-
cholamine-induced increase was significantly lower during
the clamp than before it, with the inhibition being more
pronounced in hour 6 of the clamp. Isoproterenol (1 puM)-
induced lipolysis was reduced by 28 and 44% during hours 3
and 6 of the clamp, respectively, whereas the reduction of
epinephrine (100 pM)-induced lipolysis was significantly
greater (by 63 and 70%, P < 0.01 and P < 0.04, respectively)
during the same time intervals. When epinephrine was in-
fused in combination with 100 nM phentolamine (a nonse-
lective a-AR antagonist), the inhibition of epinephrine (10
pM)-induced lipolysis was only of 19 and 40% during hours 3
and 6 of the clamp, respectively. The results demonstrate
that, in situ, insulin counteracts the epinephrine-induced
lipolysis in adipose tissue. The effect involves 1) reduction of
lipolysis stimulation mediated by the B-adrenergic pathway
and 2) the antilipolytic component of epinephrine action
mediated by as-ARs.

microdialysis; glycerol; isoproterenol; blood flow; as-adrener-
gic receptor antagonist

NOREPINEPHRINE AND EPINEPHRINE control human adipo-
cyte lipolysis through different adrenergic receptor
(AR) subtypes (1, 7, 20, 30). In vitro studies in isolated
human fat cells have shown that the activation of
a2-ARs by epinephrine and norepinephrine impairs the
B-adrenergic component of catecholamine-induced li-
polysis (19, 20). In human fat cells, where as-ARs
outnumber B-ARs, the preferential recruitment of the
ag-AR at the lowest catecholamine concentrations in-
hibits lipolysis (20). It is in subcutaneous adipose tis-
sue from both men and women that the strongest
ag-adrenergic effect has been observed (20, 30). The
antilipolytic action of catecholamines in vitro, particu-
larly that of epinephrine (which exhibits a higher af-
finity for as-AR), is intense in subcutaneous adipocytes
from obese subjects (20, 30). Many physiological and
pathological studies have shown that the possible de-
regulation of adrenergic control in adipose tissue lipol-
ysis in obese subjects is linked to an alteration of the
B-adrenergic pathway. Although less investigated, the
a2-AR has been shown to contribute to the lipolysis
dysfunction. Using microdialysis, we have shown that
exercise-induced lipolysis in subcutaneous abdominal
adipose tissue (SCAAT) was five- to sixfold lower in
obese than in lean subjects. The as-AR contributes to
this response, since the local lipolysis in SCAAT was
strongly enhanced in the obese subjects and reached
the levels found in lean subjects when the as-ARs were
blocked by a suitable antagonist (21).

Adipose tissue is also a major target for insulin
action. Unlike catecholamines, insulin inhibits lipoly-
sis and counteracts the action of B-AR by activating
phosphodiesterase 3B, which hydrolyses cAMP (22, 25,
27), and by desensitizing the B-adrenergic responsive-
ness (3). Microdialysis allows the in situ study of the
interaction of insulin with adrenergic pathways in ad-
ipose tissue. Catecholamines can be delivered through
microdialysis probes and induce lipolysis stimulation
in adipose tissue with no effect on the circulating

Address for reprint requests and other correspondence: M. Berlan,
INSERM U 586, Laboratoire de Pharmacologie Médicale et Clinique,
Faculté de Médecine, 37 Allées Jules Guesde, 31073 Toulouse cedex,
France (E-mail: berlan@cict.fr).

http://www.ajpendo.org

0193-1849/03 $5.00 Copyright © 2003 the American Physiological Society

The costs of publication of this article were defrayed in part by the
payment of page charges. The article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734
solely to indicate this fact.

E599

0T0Z ‘Sz 1290190 uo Bio ABojoisAyd-opuadle woiy papeojumoq



http://ajpendo.physiology.org

E600

concentration of the catecholamines. Simultaneously,
insulin can be delivered intravenously during a hyper-
insulinemic-euglycemic clamp with no changes of cat-
echolamine concentration in plasma or in dialysate
from adipose tissue or muscle (23, 26). Animal studies
have shown a decrease of the lipolytic response to
norepinephrine during a hyperinsulinemic-euglycemic
clamp in adipose tissue (8). From additional human
investigations, it has been concluded that the B-adren-
ergic lipolytic effect in adipose tissue is counteracted by
the action of insulin (14, 18). Until now, no study has
taken into account the role of the antilipolytic as-
adrenergic pathway in the in situ adrenergic response
when plasma insulin levels are increased.

The first objective of the present study on the basis of
in situ microdialysis use was to investigate the coun-
teraction of hyperinsulinemia on the lipolytic effect of
isoproterenol (a selective B-AR agonist) or epinephrine
(a catecholamine exhibiting both as- and B-AR agonist
properties) in adipose tissue. The second objective was to
delineate the contribution of the antilipolytic a2-AR path-
way to the blunted adrenergic lipolytic response in adi-
pose tissue during hyperinsulinemic-euglycemic clamp.

MATERIALS AND METHODS

Subjects

For the study, eight healthy young men aged 23.9 = 0.9 yr
(range: 22—25 yr) with a body mass index ranging from 21.4
to 27.0 (mean *+ SD: 23.8 = 1.9), who had not been submitted
to any pharmacological or nutritional protocol before the
study, were recruited. All had a stable weight during the
previous 3 mo. Selection of the subjects was based on a
screening evaluation of detailed medical history, a physical
examination, and several blood chemistry analyses. The Eth-
ical Committee of Third Faculty of Medicine, Charles Uni-
versity, approved the study. All subjects gave their informed
consent for the experimental conditions after detailed expla-
nation. The investigations were carried out in the Diabetes
Center, Institute for Clinical and Experimental Medicine,
Prague, Czech Republic.

Experimental Protocol

Studies were performed in random order, and the eight
subjects were studied on three separate occasions (twice with
a clamp and once without). These three examinations were
separated by a 5- to 8-day period, and patients were in-
structed to keep their nutritional and physical activity habits
during that time. The subjects entered the hospital at 8:00
AM and were maintained in the supine position during the
experimental period. An indwelling polyethylene catheter
was inserted into the antecubital vein of each arm. At 8:30
AM, microdialysis probes (Carnegie Medicine, Stockholm,
Sweden) of 20 X 0.5 mm and 20,000-MW cutoff were inserted
percutaneously into the abdominal SCAAT after epidermal
anesthesia (200 pl of 1% lidocaine; Roger-Bellon, Neuilly-s-
Seine, France). When two probes were used, they were sep-
arated by at least 10 cm and inserted at a distance of 10 cm
to the right of the umbilicus. When necessary, a third control
probe was inserted in the contralateral side at a similar
distance from umbilicus. The probes were connected to a
microperfusion pump (Harvard Apparatus, SARL, Les Ulis,
France) and infused with Ringer solution (in mM: 139 so-
dium, 2.7 potassium, 0.9 calcium, 140.5 chloride, 2.4 bicar-

az-ADRENOCEPTORS AND HYPERINSULINEMIA IN ADIPOSE TISSUE

bonate, and 5.6 glucose). Ethanol was added to the perfusate
to estimate changes in the blood flow, as previously described
(12, 13). The ethanol ratio was calculated as ethanol ratio
(%) = (ethanol concentration in outgoing dialysate/ethanol
concentration in ingoing perfusate) X 100. The variations of
the ethanol ratio were taken as an index of variations of
adipose tissue blood flow (ATBF). After a 30-min equilibra-
tion period, a 30-min fraction of dialysate was collected at a
flow rate of 0.5 pl/min. Then, the perfusion flow rate was set
at 2.5 pl/min for the remaining experimental period. This
simplified but relevant and less time-consuming method was
selected in this long-lasting study (24, 30). The estimated
extracellular glycerol concentration (EGC) was calculated by
plotting (after log transformation) the concentration of glyc-
erol in the dialysate measured at 0.5 and 2.5 pl/min against
the perfusion rates. The EGC found in the present study fits
with previous determinations performed in lean subjects (16,
17). The average recovery of probes was calculated as the
ratio of the concentratiom of glycerol in dialysate at the
perfusion rate of 2.5ul/min and the calculated EGC. The
mean recovery was 29 = 3% (SD), and the range was from 27
to 33%.

Study 1. After calibration of the probe, two 15-min frac-
tions of the outgoing dialysate were collected in all probes.
Thereafter, one probe was infused with two graded epineph-
rine concentrations (1 and 10 pM in Ringer solution) for 30
min each, and a second probe was infused with two graded
isoproterenol concentrations (0.1 and 1 pM in Ringer solu-
tion) for 30 min each. The concentrations of isoproterenol
used were 10-fold lower than those of epinephrine because
this agonist is 10-fold more potent than epinephrine toward
B-AR. A third probe was infused with Ringer solution
throughout the whole experimental period. After the end of
the above- mentioned perfusions, a hyperinsulinemic-eugly-
cemic clamp was started and performed for 6 h. During hours
3 and 6 of the clamp, the perfusions using epinephrine (probe
1) and isoproterenol (probe 2) were performed with identical
concentrations to those before the clamp. During the time
between the above-mentioned perfusions, the probes were
infused with Ringer solution. Dialysate samples were col-
lected for each 10-min period during the specific agent per-
fusions and for each 15 min during the rest of the time.

Study 2. The experimental protocol was identical to that of
study 1, except that, in probe 2, the graded concentrations of
epinephrine (1 and 10 pM, i.e., the same concentrations as in
probe 1) were infused each for 30 min with 100 pM phentol-
amine.

Control study (8 subjects). One probe was inserted into
SCAAT, and the repeated perfusions, which used the same
concentrations of epinephrine and the same time schedule as
those described in the experimental protocol, were per-
formed, except that the hyperinsulinemic-euglycemic clamp
was not realized (Fig. 1). Control assays were also performed
with phentolamine in combination with epinephrine without
insulin administration in six subjects.

Euglycemic-Hyperinsulinemic Clamp

The hyperinsulinemic-euglycemic clamp was performed by
DeFronzo’s method (9). A catheter for insulin and glucose
infusion was inserted into an antecubital vein, and a second
catheter for blood sampling was placed in a dorsal vein of the
ipsilateral hand. The hand was kept in a warm box (60°C) to
provide arterialization of venous blood. Priming plus contin-
uous infusion of crystalline human insulin (1 mU-kg -
min~!; Actrapid Human, Novo, Bagsvaerd, Denmark) was
given for 6 h. Euglycemia (the fasting blood glucose concen-

AJP-Endocrinol Metab « VOL 285 « SEPTEMBER 2003 » www.ajpendo.org

0T0Z ‘Sz 1290190 uo Bio ABojoisAyd-opuadle woiy papeojumoq



http://ajpendo.physiology.org

az-ADRENOCEPTORS AND HYPERINSULINEMIA IN ADIPOSE TISSUE

E601

Fig. 1. In situ effects of 3 successive
perfusions of graded concentrations of
epinephrine (Epi; 1 and 10 uM) on ex-
tracellular  glycerol  concentration
(EGC) in subcutaneous abdominal adi-
pose tissue. Epi perfusion was applied
through the microdialysis probes at
each concentration for 30 min, and di-
alysate samples were collected for each
10-min period. The successive graded
Epi perfusions were separated by 2 h,

- . i i
A 1000y | 1 |19 1 @ Epinephrine |, 1 | 10
. 8001
=
@]
e
=
= 6001
@]
—
(O]
(&)
>
O 400
[ .
)
=
©
(&)
® 200
S
x
n
0 T T T T T T T
45 15 45 75 105 135 165 195 225 255 285 315 345 375 405 435
B TIME (min)

L

L

1400 { AUC
1200
1000
800
600 -
400 -
200 ’—L‘

0 . . . .

1 10 1 10 1

Epinephrine (umol/l)

10

tration: 4.34 = 0.07 mM) was maintained by a variable 15%
glucose perfusion. The perfusion rate was determined by
measurement of arterialized plasma glucose (Beckman Glu-
cose Analyzer, Beckman Instruments, Fullerton, CA) every 5
min. Plasma concentrations of glucose, glycerol, and free
insulin were analyzed in the basal state (mean value of 3
samples obtained 70, 65, and 60 min before the start of the
clamp) and every 60 min during the clamp.

Drugs and Biochemical Determinations

The following drugs were used: isoproterenol hydrochlo-
ride (Isuprel, Winthrop), epinephrine hydrochloride (Epi-
nephrine, Braun), and phentolamine methanesulfonate (Re-
gitine, Ciba-Geigy, Rueil-Malmaison, France). Ethanol in
dialysate and perfusate was determined with an enzymatic
method (5); the intra-assay and interassay variabilities were
3.0 and 4.5%, respectively. Glycerol was determined in
plasma and in dialysate by using an ultrasensitive radiomet-
ric method (6); the intra-assay and interassay variabilities
were 5.0 and 9.2%, respectively. Plasma glucose was assayed
with a glucose oxidase technique (Biotrol, Paris, France); the
intra-assay and interassay variabilities were 1.5 and 5.1%),
respectively. Nonesterified fatty acids were assayed with an
enzymatic method (Unipath, Dardilly, France); the intra-
assay and interassay variabilities were 1.1 and 1.6%, respec-
tively. Plasma insulin was measured by using an Immuno-
tech Insulin IRMA kit (Immunotech, Prague, Czech Repub-

and dialysate samples were collected
for each 15-min period. A: absolute val-
ues of EGC. B: area under curves
(AUC; nM/30 min) of the variation of
the EGC induced by Epi perfusion. Val-
ues are means + SE.

lic); the intra-assay and interassay variabilities were 2.7 and
5.8%, respectively.

Data Analysis

All values are given as means + SE. A statistical compar-
ison of the values was performed by using two-way ANOVA
for repeated measures with experimental conditions (control
vs. euglycemic-hyperinsulinemic clamp) as factors of the
analysis. Subsequently, the effects of drug perfusions were
analyzed in each experimental condition by using two-way
ANOVA with time as the factor of the analysis and followed
by a Bonferroni-Dunnett post hoc test. The extracellular
response curves were analyzed by using a paired ¢-test on the
total integrated changes over baseline values [area under the
curves (AUC)] by using the trapezoidal method. Values were
considered statistically significant when P < 0.05. Statistical
analyses were performed by using software packages (Statview
4.5 and SuperAnova 1.11, Abacus Concepts, Berkeley, CA).

RESULTS

The fasting plasma free insulin concentration was
6.2 = 1.2 mU/l. Insulin infusion induced a steady-state
insulin level of 83.5 = 1.4 mU/l that remained stable
during the time of the clamp with an average individ-
ual insulin level variation being 5.0 = 2.0%. The fast-
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ing arterial plasma glucose level was 4.34 = 0.07 mM.
The subjects were clamped at their individual fasting
glucose levels. The coefficients of variation for the glu-
cose levels during hours 3 and 6 of the clamp were
4.36 = 0.45 and 2.30 *= 0.47%, respectively. The glu-
cose consumptions were calculated from the exogenous
glucose infusion rates during hours 3 and 6 of the
clamp, and the values were 9.44 *+ 0.39 and 10.21 =
0.26 mg - kg~ - min~1, respectively.

Lipolytic Response to Graded Epinephrine Perfusion
in Subcutaneous Adipose Tissue: Control Study

After calibration of the probes, the two basal values
of the EGC were similar. Addition of epinephrine to the
perfusate caused a rapid dose-dependent increase in
the EGC (Fig. 1). As soon as epinephrine was removed
from the perfusate, EGC progressively decreased and
returned to preperfusion values within 90 min. In the
control investigation, i.e., without euglycemic-hyperin-
sulinemic clamp, the three successive epinephrine per-
fusion procedures at the two concentrations led to
increases in EGC that were not different (Fig. 1A). The
calculated AUC values were not significantly different
among the three successive perfusions regardless of
the epinephrine concentration used (Fig. 1B). Blood
samples were taken before the start of each local per-
fusion for plasma glycerol concentration determina-
tion. No significant differences were found among the
three values (48.4 = 11.4,48.0 = 15.1, and 65.7 = 11.4
wM, respectively). In six subjects, addition of phentol-
amine into the perfusate did not significantly modify
the maximal increase of EGC in response to epineph-
rine perfusion during all three perfusions mentioned
above (not shown).

Lipolytic Response to Graded Epinephrine or
Isoproterenol Perfusion in Subcutaneous Adipose
Tissue During Hyperinsulinemic-Euglycemic
Clamp: Study 1

Immediately after the end of the first two graded
epinephrine or isoproterenol perfusions in the probes,
the hyperinsulinemic-euglycemic clamp was started.
Before the euglycemic-hyperinsulinemic clamp, perfu-
sion with addition of 1 and 10 wM epinephrine pro-
moted an EGC increase (Fig. 2). Identical epinephrine
perfusion during hour 3 of the clamp induced an EGC
increase that was markedly lower (P = 0.05) than that
before the clamp (Fig. 2A4). Finally, the reduction of the
epinephrine-induced increase in EGC was even more
pronounced during hour 6 of the clamp (P < 0.05; Fig.
2B). From the calculated AUC values, it appeared that
the effect of 1 and 10 pM epinephrine perfusion was
reduced by 72 and 63%, respectively, during hour 3 of the
clamp and by 81 and 70% during hour 6 of the clamp.

In the same protocol, graded concentrations of iso-
proterenol (0.1 and 1 pM) were infused in the second
probe at the same time intervals (Fig. 2). Before the
clamp, isoproterenol induced an increase in the EGC
values. The maximal EGC values were close to those
observed with the 10-fold higher concentration of epi-
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nephrine. During hour 3 of the clamp, isoproterenol-
induced EGC increase was lower than before the clamp
(P < 0.05). Finally, the reduction of the isoproterenol-
induced increase in EGC was more pronounced during
hour 6 of the clamp (P < 0.05). When the calculated
AUC values were used (Fig. 2B), the effect of the 0.1
and 1 pM isoproterenol perfusion was reduced by 41
and 28%, respectively, during hour 3 of the clamp and
by 48 and 44%, respectively, during hour 6 of the
clamp. The reductions of the isoproterenol-induced in-
creases in EGC were lower when compared with the
reductions for epinephrine-induced increases at the
same time interval: the effect of 0.1 wM isoproterenol
was compared with that of 1 uM epinephrine (P < 0.05
at hour 3 and P < 0.01 at hour 6) and that of 1 pM
isoproterenol with 10 wM epinephrine (P < 0.01 at
hour 3 and P < 0.04 at hour 6).

Comparison of the Lipolytic Response to Graded
Perfusion of Epinephrine Alone or Associated with
Phentolamine During Hyperinsulinemic-Euglycemic
Clamp: Study 2

Two probes were used; both were supplemented with
epinephrine solutions that were identical in concentra-
tions and time schedule of administration to those of
study, but in probe 2, 100 uM phentolamine was added
to all the epinephrine solutions. Before the euglycemic-
hyperinsulinemic clamp, addition of phentolamine into
the perfusate did not significantly modify the maximal
increase of EGC in response to epinephrine perfusion
(Fig. 3). During hour 3 of the euglycemic-hyperinsu-
linemic clamp, the epinephrine perfusion resulted in a
markedly decreased response when compared with
that before the clamp. During the same time, the re-
duction of the lipolytic response was lower in the phen-
tolamine-containing probe. The same situation also
occurred during hour 6 of the clamp. When the re-
sponses were evaluated by using AUC (Fig. 3B), it
appeared that, during hour 3 of the clamp, the epineph-
rine effect was reduced by 67 and 59% in the probe
containing 1 and 10 wM epinephrine, respectively. It
was less reduced by 35 and 47% in the probe containing
the phentolamine in addition to epinephrine. The dif-
ference between the responses in the two probes was
significant. The same difference was shown during
hour 6 of the clamp, where the effect of the sole epi-
nephrine perfusion was reduced by 75 and 67% and the
effect in the phentolamine-containing probe was re-
duced by only 19 and 40%, respectively. The difference
between the responses in the two probes remained
significant. Thus, during the euglycemic-hyperinsu-
linemic clamp, the responses of EGCs to epinephrine
perfusion were significantly less reduced in the pres-
ence of phentolamine than in control probes containing
epinephrine alone.

Extracellular and Plasma Glycerol Concentrations
During the Euglycemic-Hyperinsulinemic Clamp

The changes of EGC during the euglycemic-hyperin-
sulinemic clamp were evaluated in a probe that was
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Fig. 2. In situ effects of 3 successive perfusions of graded concentrations of Epi (1 and 10 wM) or isoproterenol (Iso;
0.1 and 1 pM) on EGC in subcutaneous abdominal adipose tissue during euglycemic-hyperinsulinemic clamp. Epi
or Iso perfusion was applied through the microdialysis probes at each concentration during 30 min, and dialysate
samples were collected for each 10-min period. The successive graded Epi or Iso perfusions were separated by 2 h,
and dialysate samples were collected for each 15-min period. The third probe was perfused with Ringer solution
during the entire protocol. A: absolute values of EGC. The intravenous infusion of insulin was started immediately
after Epi or Iso was removed from the probe, and euglycemic-hyperinsulinemic clamp was maintained until the end
of the experimental period. B: AUC (nM/30 min) of the variation of the EGC induced by Epi or Iso during
euglycemic-hyperinsulinemic clamp. Values are means + SE. **P < 0.02 compared with values obtained during

the first graded perfusion of Iso.

infused with Ringer solution throughout the experi-
mental protocol (Fig. 2). Dialysate samples were taken
at the same time intervals as in the other probes. Blood
samples were taken 5 min before the clamp and at
minutes 180 and 360 of the clamp for plasma glycerol
concentration determination. We observed a progres-
sive decrease of EGC (246 * 16.3, 194 + 36, and 150 =+
37 nM) and plasma glycerol concentrations (34.8 = 3.9,
9.7 =+ 25, and 9.2 = 2.1 pM) during the euglycemic-
hyperinsulinemic clamp

AJP-Endocrinol Metab « VOL 285 o

Modifications of Regional ATBF

The changes in the local adipose tissue microcircu-
lation were evaluated by using the method based on
the measurement of ethanol washout. Ethanol ratio
was calculated as reported in METHODS and taken as an
index of ethanol washout. The higher ethanol ratio
corresponds to the lower ethanol washout, and this
reflects the lower regional ATBF. The average ethanol
ratios measured during the last 10-min period of each
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fusions of graded concentrations of Epi (1
and 10 pM) alone or associated with 100
M phentolamine on EGC in subcutane-
ous abdominal adipose tissue during eu-
glycemic-hyperinsulinemic clamp. Epi
perfusion alone (or with phentolamine)
was applied through the microdialysis
probes at each concentration for 30 min,
and dialysate samples were collected
for each 10-min period. The successive
graded Epi perfusions were separated
by 2 h, and dialysate samples were col-
lected for each 15-min period. A: abso-
lute values of EGC in experiments with
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graded perfusion of catecholamines are presented in
Fig. 4. In the control study, there were no differences in
the epinephrine-induced increase (at 10 pM) in the
ethanol ratio during the course of the protocol despite
the fact that the increase did not reach a level of
significance during the third perfusion (Fig. 4). In the
study with clamp (probe 2), the epinephrine-induced
increase in the ethanol ratio (10 wM) before the clamp
was not different from increases during the clamp.
Both isoproterenol perfusion (probe 1) and the perfu-
sion of epinephrine combined with phentolamine
(probe 2) did not induce a significant decrease in etha-
nol ratios during the clamp.

DISCUSSION

The present study, using the microdialysis tech-
nique, reveals the impacts of hyperinsulinemia on the
adrenergic regulation of lipolysis in subcutaneous adi-
pose tissue in situ. The lipolytic effects of epinephrine
and of B-AR adrenergic agonist isoproterenol were re-
duced during a euglycemic-hyperinsulinemic clamp.
This suggests that the B-adrenergic component of epi-
nephrine action was reduced during hyperinsulinemia.
In addition to that, the greater reduction of the lipoly-

Epinephrine (umol/l) +Phentolamine

tic effect of epinephrine (when compared with isopro-
terenol) might be explained by the involvement of the
antilipolytic component of epinephrine action mediated
by a2-ARs. This conclusion is supported by the finding
that the lipolytic effect of epinephrine was enhanced by
addition of the a;-/a2-AR antagonist phentolamine dur-
ing hyperinsulinemia; the EGC increase thus becomes
similar to that initiated by isoproterenol.

Lipolysis in human fat cells is mainly controlled by
insulin and catecholamine. Catecholamines (i.e., epi-
nephrine and norepinephrine) promote the activation
of both lipolytic B-ARs and antilipolytic as-ARs. The
occurrence of an antilipolytic potency of catechol-
amines, particularly epinephrine, which exhibits a
higher affinity for the as-AR, is noticeable in human
subcutaneous adipocytes. Consequently, epinephrine
is less efficient in stimulating lipolysis than a selective
catecholamine that possesses only the B-AR potency.
Moreover, the antilipolytic action of epinephrine is
particularly expressed in subcutaneous adipocytes
from obese subjects, and we have previously demon-
strated that, in obese subjects, the activation of the
a2-AR strongly reduces the lipolytic effect of physiolog-
ical catecholamines during exercise (30). To assess the
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Fig. 4. Variations on the ethanol outflow-to-inflow ratio in subcuta-
neous abdominal adipose tissue in the control study and studies
during an euglycemic-hyperinsulinemic clamp. A: in situ effects of 3
successive perfusions of graded concentrations of epinephrine (1 and
10 pM) in the control study. B: in situ effects of 3 successive
perfusions of graded concentrations of Iso (0.1 and 1 wM; top) (study
1), Epi (1 and 10 pM; middle), and epinephrine plus 100 uM phen-
tolamine (bottom) (study 2). The ethanol concentrations in the dia-
lysate were measured in the last 10-min period before drug perfusion
(basal) and in the last 10-min period of each graded infused cate-
cholamine. Values are means + SE. *P < 0.05 compared with values
obtained before drug perfusion.

hypothesis of a balanced activity of B- and «g2-ARs
(when the involvement of the B-AR pathway is lowered
in adipose tissue, the antilipolytic as-AR component is
strengthened), we compared the effect of insulin ad-
ministration on the lipolytic effect of epinephrine with
isoproterenol explored in situ.

E605

At the beginning of the present studies, we verified
the absence of desensitization when catecholamine
perfusions were performed. The interval between the
various epinephrine perfusions has been selected to
prevent (or limit) the incidence of desensitization and
limit its interference with the effect of insulin. Re-
peated intravenous perfusions of epinephrine (28) or
microdialysis perfusion (24) could lead to desensitiza-
tion of catecholamine-induced lipolysis in human adi-
pose tissue. This phenomenon was not found in rat
adipose tissue when norepinephrine was infused into
microdialysis probes at 1-h intervals (8). In fact, it
occurs in human adipose tissue when catecholamine
perfusions are applied at intervals of 1 h (24) or less
(28). We verified the absence of desensitization when
catecholamine perfusions were realized in an interval
of 2 h. In the control study without euglycemic-hyper-
insulinemic clamp, the repeated perfusions of epineph-
rine into the probes were realized, and they resulted in
the same EGC increase for both epinephrine concen-
trations (Fig. 1).

It has previously been shown that the in vitro incu-
bation of fat cells with insulin significantly reduces the
lipolytic effect of isoproterenol (10). This effect is clas-
sically attributed to the insulin-dependent activation
of phosphodiesterase, an intracellular enzyme that hy-
drolyzes cAMP. An additional explanation involves
cross-regulation between insulin and Bs2-AR, i.e.,
growth factor tyrosine kinase receptors, like insulin
receptor, directly phosphorylating a G protein linked to
the B2-AR (3). This mechanism probably leads to inter-
nalization of B-AR into the cytoplasmic compartment
since binding studies have revealed a decrease in B-AR
in the plasma membrane of human fat cells treated
with insulin (10). It has also been shown that insulin
has no effect on the binding of a2-AR-selective radioli-
gands in human fat cells (10) and on the antilipolytic
effect of the selective a2-AR adrenergic agonist UK-
14304 (personal data). So, in insulin-treated fat cells,
the B-/a2-AR balance is modified in favor of the as-AR
antilipolytic pathway in human fat cells.

At the concentration used, insulin inhibits spontane-
ous lipolysis in the SCAAT and lipid mobilization in
the fasted subjects. Moreover, hyperinsulinemia re-
duced the isoproterenol-induced lipolysis (Fig. 2). Iso-
proterenol exhibits an ~10-fold higher affinity for
B-ARs than epinephrine. Thus the chosen concentra-
tions of epinephrine infused in the probes were 10-fold
higher than those of isoproterenol to obtain a similar
increase in EGC with both amines. In such conditions,
before the euglycemic-hyperinsulinemic clamp, the in-
crease in EGC was similar with the two catechol-
amines. The reduction of epinephrine-induced lipolysis
during the clamp was significantly higher than that of
isoproterenol-stimulated lipolysis for the correspond-
ing concentrations. The blunting effect of insulin on the
epinephrine-induced changes in subcutaneous EGC
(an index of in situ lipolysis) could result from multiple
mechanisms. The first one could be due to phosphodi-
esterase activation and/or phosphorylation of the G
protein linked to the B-AR or the B-AR itself by insulin,
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and the second one could result from the inhibition of
the formation of cAMP through activation of fat cell
as-ARs (7, 19). The latter mechanism could be involved
in differences observed between the effects of hyperin-
sulinemia on the lipolytic effects of epinephrine alone
and epinephrine coupled with phentolamine. When
phentolamine (an a1-/a2-AR antagonist) was infused in
the probe together with epinephrine, the EGC response
was higher during the clamp than with epinephrine
alone, and, consequently, the reduction in lipolytic
effect promoted by epinephrine, during the euglycemic-
hyperinsulinemic clamp, was clearly less pronounced.
It is noticeable that before the euglycemic-hyperinsu-
linemic clamp, phentolamine alone did not signifi-
cantly change the epinephrine-induced increase in
EGC. The latter observation suggests that, in the pres-
ence of low plasma insulin concentrations, the as-AR
antilipolytic effect is not apparent. This is in disagree-
ment with a previous report showing that phentol-
amine potentiates both spontaneous and norepineph-
rine-stimulated lipolysis (2) in a similar microdialysis
protocol. However, in several other studies, the en-
hancing effect of phentolamine on spontaneous glycerol
release has not been found (15, 21). In fact, it was
shown that the potentiating effect of phentolamine
resulting from as-AR blockade in SCAAT could be
discerned clearly during exercise when the activity of
the adrenergic system is increased (21).

During interpretation of lipolysis data based on glyc-
erol concentrations in dialysate outflowing from the
microdialysis probe, the regional ATBF must be taken
into account. It has been demonstrated that the EGC in
human adipose tissue is influenced by the local blood
flow (4, 11, 13). In the present study, it was not possible
to evaluate ATBF changes induced by the perfusion of
pharmacological agents through the probe by the con-
ventional technique, i.e., the 33Xe washout; the space
of diffusion of the perfused agents, and consequently
the volume in which the ATBF changes are produced in
SCAAT are very narrow and different from the distri-
bution volume of xenon injected directly into SCAAT.
Consequently, the *3Xe-washout method reflects the
blood flow in larger and not identical volumes of adi-
pose tissue. Thus a method based on the evaluation of
ethanol washout, measured by using ethanol ratio, was
used for assessment of changes in adipose tissue mi-
crocirculation. The increase in ethanol ratio reflects a
decrease in ATBF (12). The ethanol method does not
enable the corrections of individual EGC for ATBF
values, but, reflecting the variations in ATBF, it pro-
vides a possibility to assess whether and in which
sense the changes in EGC were influenced by the
changes in ATBF. In this study, epinephrine induced a
decrease in ATBF that was significant at the concen-
tration of 10 pM (Fig. 4). This finding could suggest
that the epinephrine-induced increase in EGC is en-
hanced because of the reduction of local blood flow and,
consequently, that the increase in the rate of lipolysis
is over estimated. During the euglycemic-hyperinsu-
linemic clamp, the epinephrine effect on ATBF was not
modified. This finding suggests that the reduction in
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epinephrine-induced increase of EGC, observed during
euglycemic-hyperinsulinemic clamp, was not influ-
enced by the changes in ATBF and thus reflects the
true inhibition of lipolytic processes in adipose tissue.
Insulin by itself, at the concentrations used, does not
change ATBF as previously shown (29). When epineph-
rine was perfused with phentolamine, a tendency to-
ward a nonsignificant increase in ethanol washout (i.e.,
an increase in local ATBF) was observed. Thus the
potentiating effect of phentolamine on an epinephrine-
induced increase in EGC during euglycemic-hyperin-
sulinemic clamp could be attributed to the blockade of
fat cell as-ARs, and the slight phentolamine-induced
vasodilatation could lead only to underestimation of
potentiating action of phentolamine on epinephrine-
induced lipolysis.

In summary, the present study demonstrates that
hyperinsulinemia reduces the lipolytic effect of cat-
echolamines in adipose tissue. The results suggest that
several mechanisms are involved in the resulting insu-
lin-induced blunting of the epinephrine-induced lipol-
ysis in situ. First, the B-AR-dependent lipolytic path-
way is reduced, presumably through the activation of
phosphodiesterase-3B and by the desensitization of the
B-AR-dependent mechanisms from insulin. These
mechanisms could explain the reduction of the effect of
isoproterenol. Second, the activation of the antilipoly-
tic agz-AR-dependent pathway by epinephrine could
contribute to counteraction of the B-AR-dependent li-
polytic pathway, which would explain the alterations
that occur in the action of epinephrine. The present
study suggests that hyperinsulinemia contributes to
alterations of adipose tissue characteristics that were
described in insulin resistance (such as upper body
obesity) and suggests the mechanisms by which B- and
ag-AR-mediated pathways are involved in these alter-
ations. It is not the only pathway related to hyperin-
sulinemia-induced actions, and its physiological impor-
tance, compared with other pathways, remains to be
firmly established. Further studies investigating in
vivo the relative contribution of B- and as-AR-mediated
pathways in adipose tissue metabolism in conditions
related to altered levels of plasma insulin (physiologi-
cal: nutrition; pathological: obesity, diabetes) are war-
ranted.
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Cirkadianni variabilita vylucovani urey do
moc¢i a hodnoceni utilizace zivin pomoci
neprimé kalorimetrie v kombinaci

s hyperinsulinovym euglykemickym clampem
u zdravych jedineh

Wohl P., Pelikanova T., Skibova J.

Centrum diabetologie, Institut klinické a experimentalni mediciny, Praha

Souhrn

Kombinace clampovych metod s nepiimou kalorimetrii se pouZiva k souéasnému méfeni oxidace Zivin a meta-
bolismu glukosy. Vyznamnym parametrem, ktery ovliviiuje vysledky utilizace energetickych substrati mérenych
nepiimou kalorimetrii, jsou odpady dusiku do mogi, které se obvykle hodnoti z 24hodinovych sbérti moéi. Cilem
price bylo zjednodusit sbéry moéi a minimalizovat chybu vznikajici pti kalkulaci oxidace Zivin pomoci odpadi
urey do moéi pii euglykemickém hyperinsulinovém clampu u zdravych osob. Vysetieno bylo 11 zdravych
dobrovolniki béhem 3denni hospitalizace pii standardnim bilancovaném dietnim piijmu, u nichz byly zméfeny
odpady urey v moéi a) v pritbéhu 24 hodin (porce I-VII) a b) béhem dvoustupiiového hyperinsulinového (1 a 10
mU/kg/min) euglykemického clampu (bazélni perioda: ~120-0 min, perioda I: 0-120 min, perioda II: 120-240 min)
doplnéného nepiimou kalorimetrii. Zjistili jsme, Ze vyludovani urey vyznamné nekolisd béhem 24 hodin. Odpady
urey se neméni ani b&hem clampu (perioda I: 462 + 157 vs perioda I1: 436 + 138 mmol/24 hodin), ale nastava pokles
hladiny urey v séru (perioda I: 4,29 + 0,61 vs perioda II: 3,8 + 0,63 mmol/4; p > 0,001). Odpady urey korigované
(perioda Ic a perioda Ilc) na zmény urey v distribuénim prostoru b&hem dvou clampovych period se signifikantné
li3i od hodnot odpadi urey bez korekce (perioda I: 462 + 157 vs perioda Ic: 240 + 170 mmol/24 hodin; p > 0,001;
perioda Ilc: 219 + 122 vs periodaII: 436 + 138 mmol/24 hodin; p > 0,001). Z vysledki vyplyv4, Ze k méieni substratové
utilizace béhem hyperinsulinového euglykemického clampu lze pouZit jen sbéry, které jsou provadény pied
clampem a béhem ného, a je nezbytné provedeni korekce na zmény v distribuénim prostoru urey. Shér moce
béhem clampu nelze nahradit sbérem za 24 hodin &i stanovenim odpadti urey v nékteré ze sledovanych period.
Vyluéovani urey do mo¢i se béhem 24 hodin neméni.

Kligova slova: utilizace Zivin, vyludovani urey, insulin, glykemicky clamp, nepiim4 kalorimetrie.

Summary

Wohl P., Pelikanova T., Skibova J.: Circadian Variability in Urinary Urea Nitrogen
Excretion and Substrate Utilization Measured by Hyperinsulinaemic Euglycaemic
Clamp Combined with Indirect Calorimetry in Healthy Subjects

A hyperinsulinaemic euglycaemic clamp has been used together with indirect calorimetry for simultaneous
measurement of substrate utilization and glucose metabolism. Correct urine collection is an important parame-
ter influencing the results of substrate utilization estimated by indirect calorimetry. The aims of our study were
a) to improve the timing of urine collection for measuring substrate oxidation during hyperinsulinaemic
euglycaemic clamp and b) to evaluate the circadian variation in urinary urea nitrogen excretion in healthy
subjects. The study was performed on 11 healthy subjects during 3 days with a standard dietary intake. Urinary
urea excretion (UE) was measured by standard technique in urine samples collected a) during 24 hours (periods
1-VII) and b) during hyperinsulinaemic (1 and 10 mU/kg/min) euglycaemic (5 mmol/]l) clamp combined with
indirect calorimetry (basal period: -120-0 min, period I: 0~120 min, period II: 120-240 min). The circadian variation
in UE during 24 hours was not statistically significant. During hyperinsulinaemic euglycaemic clamp UE did not
change (period I: 462 + 157 vs period II: 436 + 138 mmol/24 hours, NS), but the serum urea level decreased
significantly (period I: 4.29 = 0.61 vs period II: 3.8 + 0.63 mmol/1; p > 0.001). There was a significant relationship
between UE corrected for changes in urea pool size (period Ic and Ilc) compared to uncorrected UE (period I and
II) (period I: 462 + 157 vs period lc: 240 + 170 mmol/24 hours; period 2c: 219 + 122 vs period II: 436 + 138 mmol/24
hours, p > 0.001). We conclude that urine collections made during the clamp and corrected for changes in urea
pool size are most suitable for measurement of substrate utilization during hyperinsulinaemic euglycaemic
clamp. Urine collections during clamp cannot be replaced by any urine collection from tested periods (periods
I-VII) nor one 24-hour urine sample. Finally, we found no significant variation in UE during 24 hours in healthy
subjects.

Key words: substrate utilization, urinary urea excretion, insulin, glycaemic clamp, indirect calorimetry.
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Vyludovani urey v moéi za 24 hodin se b8Zné pou#i-
va ke zhodnoceni dusikové bilance u nemocnych na
nutrién{ podpoie a k méfeni substratové utilizace ne-
pfimou kalorimetrii (12). Hyperinsulinovy euglyke-
micky clamp je zlatym standardem testovani{ vid¢inku
insulinu in vivo. Mira déinku insulinu se hodnoti
podle mnozstvi glukosy, kterou je t¥eba doddvat, aby-
chom pii standardné zvolené hyperinsulinémii (kon-
stantni infuze insulinu) udrzeli glykémii na predem
pozadované hodnoté. Shér moéi a jeho pfesnost je
vyznamnym parametrem piesného méfeni utilizace
Zivin, protoze oxidace jednotlivych substrdtd se odvo-
zuje z méfeni odpadd dusiku do moéi. Kombinace
nep¥imé kalorimetrie a hyperinsulinového euglyke-
mického clampu se pouZivd k soufasnému méfeni
oxidace Zivin a k odli8eni oxidaén{ a neoxidaéni slozky
metabolismu glukosy (2, 5, 14, 16). Vliv hyperinsuli-
némie navozené hyperinsulinovym euglykemickym
clampem na zménu sérové a modové koncentrace urey
je v literatufe jiZz popsédn, dochdzi k poklesu sérové
koncentrace urey, a proto je ti¥eba provést korekci
odpadtt urey na zménu obsahu urey v distribuénim
prostoru (14). Pri€ina téchto zmén nenf plné objasné-
na, je mozné, Zze hyperinsulinémie neni jedinym fak-
torem, ktery ovliviiuje vyluéovdni urey béhem clampu
(volumova z4até%, endogenni vlivy, zmény hormondln{
béhem vySetfeni). Tyto zmény ovliviiuji méteni subs-
tratové utilizace (4, 14, 16). B8%né se nep¥im4 kalori-
metrie p¥i hyperinsulinovém euglykemickém clampu
provadi pied zahdjenim clampu (bazdlng), v pribéhu
a na konci clampu. K uréeni oxidace proteind se po-
uzivd shér moéi za 24 hodin jak k mé¥ent bazdlnimu,
tak k méteni v priibéhu clampu. V nasi prici jsme se
zaméfili a) na upfesnéni sbéru moéi a optimalizaci
sbérnych period k mé¥eni substratové utilizace pii
kombinaci nep¥imé kalorimetrie s hyperinsulinovym
euglykemickym clampem a b) na zhodnocen{ cirkadi-
dnni variability vyluéovani urey béhem 24 hodin roz-
délené na 3hodinové periody.

METODIKA

Soubor

Studie se iiéastnilo 11 zdravych neobéznich (BMI 23+1,0)
jedinct, ktefi neméli v rodinné anamnéze diabetes mellitus &i
hypertenzi, nelééili se pro jiné zdvaZné interni onemocnéni
a méli normélni toleranci glukosy, kterd byla ovéfena ordlnim
glukosovym toleranénim testem. Charakteristiky souboru uva-
di tabulka 1. VySetfeni byla v souladu s etickymi normami
a probihala se souhlasem etické komise TN a IKEM, Praha.

Table 2. Dietary intake

Sodium, mmol/24 hrs 150 - 170
Potassium, mmol/24 hrs 50 - 80
Proteins, g/24 hrs/kg 80

Carbohydrates, g/24 hrs 275 — 325

Energy intake, kcal/24 hrs 2 500 -2 800

Osoby byly zatazeny do studie poté, co byly sezndmeny s cili
a piipadnymi riziky studie a podepsaly informovany souhlas.

Prubéh a funkéni vysetieni

Sledovani probihalo béhem 3denni hospitalizace pii stan-
dardnim bilancovaném dietnim reZimu (tab. 2) a bylo rozdéleno
do dvou ¢asti. Provddéli jsme vysetieni cirkadianniho rytmu
vyluéovani urey v priibéhu jednoho dne a dvoustupiiovy hyper-
insulinovy euglykemicky clamp doplnény nepfimou kalorimet-
rif.

a) Vysetteni cirkadidnniho rytmu vyluéovani urey (UE): Moé
byla sbirdna 24 hodin od 6.00 hodin rano do 6.00 hodin rano
druhého dne. Shéry moéi jsme rozdélili do 6 sbérnych period po
3 hodindch (perioda I-VI: od 6.00 do 24.00) a jednu sbérnou
periodu noéni (perioda VII: 24.00 — 06.00 hod).

b) Dvoustupriovy hyperinsulinovy (1 a 10 mU/kg/min) eugly-
kemicky clamp: Clampové vygetfeni v trvdni 240 min bylo pro-
vedeno modifikovanou metodou (13) podle autortt DeFronzo et
al. (1) a bylo doplnéno nepfimou kalorimetrii. Kanyla k aplikaci
infuzi byla zavedena do antekubitalni Zily. Druhd kanyla slou-
Zici k odbérdm krevnich vzorkd byla zavedena do Zily na hibeté
ruky a ruka byla umisténa ve vyhfivaném boxu (60-70 °C)
s cilem dosdhnout arterializace odebirané krve. V ase 0-120
min byl insulin poddvén rychlosti 1 mU/kg/min, vedouei k insu-
linémii kolem 75 pU/ml, a v ¢ase 120-240 min rychlosti 10
mU/kg/min (insulinémie 1 500 pU/ml). Glykémie byla udriova-
na infuzi 15 % glukosy na hodnoté 5 mmol/l. Rychlost infuze
jsme ménili na zdkladé glykémii, sledovanych v 5~15minuto-
vych intervalech. Pfed zahdjenim clampu (-45-0 min) a héhem
clampu (v éase 75-120 min a 195-240 min) byle provedeno
méfeni substrdtové utilizace nep¥imou kalorimetrii metabo-
lickym monitorem V MAX Sensor Medics (Sensor Medics, Ana-
heim, CA, USA) (4). Mo¢ byla sbirdna p¥ed zahdjenim clampu
(cca 0od 6.00 hod do 8.00 hod rdno; bazdlni shér). Pred zahdjenim
clampu se vySetfovani vymoéili a moé byla shirdna v éase 0-120
min (perioda I) a 120-240 min (perioda II) v pribéhu clampu.
V case 0, 120 a 240 min byla odebrdana krev ke stanoveni kon-
centrace urey v séru (S-urea).

Analytické metody

Glykémie byla méfena glukosooxiddsovou metodou analyza-
torem Beckman Analyzer (Beckman Instrument Inc. Fullerton,
Ca, USA). Urea v moéi (U-urea) a S-urea byla méfena stan-
dardni ureasovou metodou (10). Plazmaticky imunoreaktivni
insulin (IRI) byl stanoven radioimunologicky pomoci stan-
dardnich kitd IMMUNOTECH Insulin IRMA kit; IMMUNO-
TECH a.s., Praha, Ceska republika).

Matematické zpracovani

Vypolty oxidace tukd, bilkovin a cukri b&hem kalorimetrie
byly provedeny podle standardnich kalkulaci (4). Béhem clam-
py, kdy se méni hladiny S-urey, coZ je zdrojem chyb ve vypoétech
oxidace proteind (16), byly odpady urey v moéi (UE) korigovany

Table 1. Characteristics of study group (n = 11)

Age, years 26 1.9
BMI, kg/m? 23 + 1.0
Triglycerides, mmol/l 1.10 0.4
Total cholesterol, mmoll 4.13 = 0.66
HDL cholesterol, mmol/ 1.16 = 0.66
LDL cholesterol, mmol/l 2.03 £ 0.72
HbA1., % 4.82 = 0.27

Explanations: BMI = body mas index, HbAi. = glykosylated
haemoglobin.
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zménami urey v distribuénim prostoru (14). PouZili jsme vzorec
korekece na zmény urey v distribuénim prostoru:

Korigované odpady urey (g/24hod) = odpady urey (g/24hod —
(S-urea 0 — S-ureal) x 0,6 x hmotnost x 24 x 60 x 0,028
120
(S-urea 0: sérovd urea (mmol/) v gase 0 min. clampu, S-urea 1

resp. 2: sérova urea v ¢ase 120 resp. 240 min clampu, 24 a 60 —
piepocet na 24 hodin, 0,6 : faktor télesné vody pro muze, 0,028 -
faktor k pfepoétu koncentrace urey v mmol/l).

Utilizace glukosy a té¢inek insulinu bdhem clampu byly hod-
noceny pomoci spotfeby glukosy (M) a pomoci metabolické
clearance glukosy (MCR) v intervalu 80-120 min (Msubmax
a MCRsubmax) a v intervalu 200-240 min (Mmax a MCRmax)
(1, 5). MCR vyjadfend v ml/kg/min v daném intervalu byla
potitdna podle ndsledujiciho vztahu: MCR = M (v uvedeném
intervalu) /Gpram x 100/18, kde Gprium je primérn4 hladina
glykémie v daném intervalu vyjddfend v mmol/l. MCR je para-
metr, ktery odcloni vliv glykémie na spotfebu glukosy. Neoxi-
daéni spotfeba glukosy byla vypoétena jako rozdil mezi spotie-
bou glukosy béhem clampu a oxidaci glukosy méfenou pomoci
nepiimé kalorimetrie. V nasi studii jsme nesledovali jaterni
produkei glukosy, bylo v8ak prokidzdno, Ze pii ndmi volené
hyperinsulinémii je u zdravych jedinct dplné zablokovéna (5).

Statistické hodnoceni jsme provddéli pro zhodnoceni cirkadi-
dnniho rytmu vyluéovani urey analyzou rozptylu s opakovdnim
(ANOVA) a k uréeni optimalizace sbért moéi v priibéhu clampu
vypotem korelaéniho koeficientu. Srovnédni vyluéovdni urey
béhem clampu bylo provedeno parovym t-testem (Stathgrap-
hics, Statistical Graphics, Rockville, MD, USA),

Table 3. Circadian variability in urinary urea excretion (UE)
in healthy subjects (n = 11)

Period (hrs) UE
(mmol/24 hrs)
24 hrs 470 + 140
06-09 (I 479 £ 134
09-12 (II) 510 =213
12~ 15 (IID 477 - 229
15-18 (IV) 474 £ 274
18 -21 (V) 576 + 273
21-24 (VD) 499 + 103
24 - 06 (VID) 436 = 125

Differences between periods I — VII are not statistically signifi-
cant.

Table 4. Urinary urea excretion (UE) and urinary nitrogen
excretion (U — N) before (basal) and during two-step hyperinsu-
linaemic euglycaemic clamp from O to 120 min (period 1) and
from 120 to 240 min (period 2) before and after correction for
changes in urea pool size (period 1c and period 2c)

Period UE (mmol/24 hrs) U ~ N (g/24 hrs)
24 hrs 470 = 140 13.98 = 4.2
Basal 412 + 125 15.54 =52
Period 1 462 = 157 15.54 = 5.7
Period 2 436 = 138 14.67 £ 6.7
Period 1c 240 = 170%#* 7.38 + 4, 10%**
Period 2¢ 219 x 122%#* 8.08 + 5.74%k*

Statistical significance: *** p < 0.001; period Ic vs periodI; and
period Ilc vs period II.

VYSLEDKY

Hodnoty vyludovani urey (UE) v pribéhu 24 hodin
béhem period I-VII jsou zndzornény v tabulce 3.
7Z tabulky vyplyva, Ze cirkadidnni variabilita UE p¥i
standardnim dietnim pfijmu neni vyznamna, nebyly
nalezeny statisticky vyznamné rozdily v odpadech
urey mezi testovanymi periodami.

Vysledky UE b&hem hyperinsulinového euglyke-
mického clampu uvadi tabulka 4. Zndzornény jsou -
jak korigované, tak nekorigované hodnoty, které se
vzajemnd statisticky vyznamné lisi. Odpady dusiku
urey v gramech po korekei, které dosadime do kalku-
laci substratové utilizace, se 1li&i od nekorigovanych
hodnot.

Msubmax v prvni period& clampu (0-120 min) pii
insulinémii kolem 75 pU/ml byla 13,53 =+ 2,60
mg/kg/min, MCRsubmax 17,42 = 6,18 ml/kg/min pii
primérné glykémii 4,66 = 0,3 mmol/l s koeficientem
variace 5,11 = 3,2 %. V druhé periodé clampu
(120~240 min) bylo Mmax 23,32 + 3,02 mg/kg/min,
MCRmax 26,31 = 4,41 ml/kg/min p¥i pramérné glyké-
mii 5,03 = 0,39 mmol/l s koeficientem variace glyké-
mie 3,91 + 2,19 %. Neoxida&ni spotieba glukosy v prv-
ni period& clampu byla 11,06 + 2,34 mg/kg/min a ve
druhé periodé 19,87 = 2,62 mg.kg/min. Vysledky mé-
fenf substratové utilizace jsou uvedeny v tabulce 5.
B&hem clampu se zvy&il respiraéni koeficient a oxida-
ce sacharidt a poklesla oxidace lipidd a proteint.

Table 5. Substrate oxidation measured by indirect calorimetry before (basal) and during two-step hyperinsulinaemic euglycaemic
clamp (period 1c and period 2c¢) calculated after correction of urea excretion for changes in urea pool size

Period REE CHox FATox PROox RQ Vog Vo,
(kcal/d) (mg/kg/min | (mg/kg/min) | (mg/kg/min) (1/min) (1/min)
Basal 184824 0.63 = 0.47 1.16 = 0.55 0.70 £ 0.19 0.75 £ 0.04 0.272 = 0.03 0.213 £ 0.02
Period 1c 2 008 = 27 2.35+1.11 0.67 + 0.54 0.42 = 0.27 0.87 =+ 0.07 0.287 + 0.04 0.242 £ 0.03
Period 2¢ 2269 = 30 3.28+0.93 0.52+0.58 0.37+0.18 0.97 = 0.06 0.312+0.04 | 0.294 £0.03

Explanations: REE = energy expenditure; CHox = carbohydrate oxidation; FATox = fat oxidation; PROox = protein oxidation; RQ
=respiratory quotient; Vo, = consumption of oxygen measured by indirect calorimetry, Vco, =production of carbon dioxide measured
by indirect calorimetry.
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Vyluéovani urey (UE) béhem 24 hodin (porce I-VII
z 24hodinového shéru) a UE héhem hyperinsulinové-
ho euglykemického clampu se neligilo. Mezi UE bé-
hem 24 hodin a UE bé&hem druhé periody clampu,
které byly korigovdny na distribudni prostor urey
(UEa¢), byla nalezena hraniéni korelace (r = +0,639;
p < 0,05). Na zdkladé nalezené korelace lze UEa.
pfepoétenéd na mmol/24 h odvodit z ndsledujiciho vzor-
ce: UEse = =106 + 0,75 x UE za 24 hodin (v mmol/24
h).

DISKUSE

Vypocet oxidace jednotlivych substratt vychdzi ze
zhodnoceni utilizace bilkovin na zdkladd pfesného
méteni odpadt dusiku do moéi. Hyperinsulinovy eu-
glykemicky clamp v kombinaci s nepfimou kalorimet-
rif se pouZiva k méfeni substratové utilizace a k odli-
Seni oxidaéniho a neoxidaéniho metabolismu glukosy
(8). Pfesnost sbéru modi k uréeni odpadi dusiku je
dileZitou hodnotou, ktera se ddle pouziva k vypodétu
substratové utilizace méfené nepfimou kalorimetrii
(4, 10, 12). Odpady dusiku do moéi je moZno stanovit
modového dusiku Kjeldahlovou metodou, kterd je viak
technicky ndrotnd (9). V soudasné dobé je nahrazova-
na méfenim odpada dusiku urey, které je povaZovano
za metodu pomérné spolehlivou (9, 12). V klinické
vyzivé umoziuje vyluéovéni urey za 24 hodin kalku-
laci dusikové bilance, kterd poukazuje na adekvétnost
nutriéni podpory a stupeni katabolismu (10, 12).

V nasi studii jsme se zabyvali otdzkou, zda je moZné
nahradit technicky komplikovany sbér moéi pired hy-
perinsulinovym euglykemickym clampem a b&hem
ného sbérem jinym, napiiklad za 24 hodin, nebo sbé-
rem v nékteré ze sledovanych period (perioda I-VII).
UE z4avisi nejen na dietnim p¥ijmu, ale pfedevsim na
energetické situaci organismu, funkci ledvin a stavu
hydratace (12). UE se rovnéz lisi pfi srovnani sbéra
moéi v rozmezi nékolika dnti a tato variabilita je vy-
znamnd pii méFeni oxidace substrdata (2, 16). V nagem
sledovdni nebylo nalezeno vyznamné kolisani UE bé-
hem 24 hodin, na rozdil od diabetikii 1. typu bez
diabetické nefropatie, u kterych jsme nalezli vyznam-
nou variabilitu UE v pribéhu jednoho dne za stan-
dardnich podminek (17).

Bé&hem hyperinsulinového euglykemického clampu
je navozenim hyperinsulinémie ovlivnéno nejen UE,
ale také diuréza, mnozstvi urey v distribuénim pros-
toru urey {pokles sérové koncentrace urey) a clearan-
ce urey (8, 14, 16). UE je proto nutno korigovat zmé-
nami v sérové koncentraci urey a tato vypoéitana
hodnota se pak pouzivd k méteni substrdatové oxidace
nepiimou kalorimetrii. Z naeho sledovani vyplyva
statisticky vyznamny rozdil mezi korigovanou a ne-
korigovanou hodnotou UE. Neni-li provedena korek-
ce, je vyslednd oxidace protein nadhodnocena a vy-

vy

poétend oxidace sacharida a lipidd je nizsi (14, 16).

Insulin mazZe inhibovat oxidaci proteind a produkeci
urey vice mechanismy (3, 6, 15). Rovnéz bylo popsano,
ze insulin inhibuje zdroven frakéni vychytavani né-
kterych aminokyselin (alanin, glycin, fenylalanin
a valin) splanchnickou oblast{ (3). Bézné se pouziva
k méfeni substrdatové utilizace pti kombinaci hyper-
insulinového euglykemického clampu s nepiimou ka-
lorimetrii UE v jedné 24hodinové periodé a tato hod-
nota se pouzivd pro odhad utilizace Zivin jak za
podminek bazalnich (laénych), tak za podminek clam-
pu, tedy béhem infuze glukosy s insulinem.

Korelace mezi 24hodinovym UE a UE béhem 2.
periody clampu nabizi moznost testovani vyludovani
urey béhem maximalni utilizace glukosy hednotou
odpadi béhem 24 hodin, ktera bude korigovana fak-
torem vychdzejicim z korelaéniho koeficientu. Vzhle-
dem k malému poétu testovanych osob v naSem sou-
boru v8ak nelze vyslovit jednoznaény zéveér
k moZnosti aplikace tohoto vzorce a jeho béZnému
pouZiti. V nadem testovani jsme nehodnotili zmény ve
vyluéovéni iontt.

7 vysledkd naseho sledovani vyplyva, ze u zdra-
vych jedinefi nelze nahradit sbér moéi b&hem hyper-
insulinového euglykemického clampu shérem za 24
hodin, stejné jako nelze sbér (24.00-06.00 hod) pouzit
béhem clampu a nelze pouiZit ani dalgich sbérnych
period z cirkadidnni variability. K hodnoceni substra-
tové utilizace Zivin pred hyperinsulinovym euglyke-
mickym clampem a b&hem ného je nutné sbirat moé
bazédlné (6.00-8.00 hod) a oddélené v jednotlivych pe-
rioddch clampu. Nezbytn4 je korekce odpadt urey na
zmény v distribuénim prostoru.

Podékovani: Autofi dékuji pani Dané Lapesové za
spolehlivou technickou asistenci p¥i provadéni funké-
nich vySetieni.
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INZULINOVA REZISTENCE U DIABETIKU
— METABOLICKA INFLEXIBILITA

INSULIN RESISTANCE IN DIABETIC PATIENTS
- METABOLIC INFLEXIBILITY

PETR WOHL', EVA KRUSINOVA', SIMONA KRATOCHVILOVA',
MARTA KLEMENTOVA', PAVEL WOHL2, TEREZIE PELIKANOVA'

"Centrum diabetologie IKEM
2Klinika hepatogastroenterologie IKEM

SOUHRN
U stihlych zdravych jedincl je svalova tkan metabolicky flexibilni, kdy metabolickou flexibilitou rozumime pfesmyk mezi
oxidaci lipidd a zvySenou utilizaci mastnych kyselin za podminek nala¢no, zatimco béhem podminek stimulovanych inzuli-
nem dochazi k supresi oxidace lipidi a sou¢asné se zvySuje vychytavani, oxidace a ukladani glukézy. U obéznich a diabetik(
2. typu, u kterych je pfritomna inzulinova rezistence, je popsdna metabolicka inflexibilita, ktera se projevuje trvalym zvySenim
oxidace lipida jak nala¢no, tak béhem hyperinzulinového euglykemického clampu. Vlivem inzulinové rezistence nedochazi
k supresi lipolyzy ani oxidace lipidd. Podle Randleovy teorie o kompetici substratli zvySend utilizace mastnych kyselin
inhibuje glykolyzu i oxidaci glukézy. V sou¢asné dobé vSak nékteré studie prokazuji, Ze pfi inzulinové rezistenci dochazi ke
zvyseni reesterifikace mastnych kyselin oproti oxidaci lipidd, ktera se v pradbéhu hyperinzulinového clampu neméni a soucas-
né nedochazi k vzestupu utilizace glukézy za podminek stimulovanych inzulinem (postprandialné). Tento stav metabolické
inflexibility mzZe byt spojen se zvySenou akumulaci triacylglycerolll ve svalové tkani pfi inzulinové rezistenci. Metabolickou
inflexibilitu jsme nalezli také u diabetikd 1. typu se sekundarni inzulinovou rezistenci. Vyznam téchto patofyziologickych
zmén neni plné objasnén a v literatufe nalezneme malo dat, kterd by hodnotila intervence s cilem ovlivnit tuto inflexibilitu
s ohledem na chronické komplikace diabetes mellitus.
Kli¢ova slova: metabolicka inflexibilita, inzulinova rezistence, Randlav cyklus, diabetes melitus

SUMMARY

In lean healthy subjects, skeletal muscle displays substantial metabolic flexibility, which means the capacity to switch from

lipid oxidation and high rates of free fatty acids uptake during fasting to the suppression of lipid oxidation and increased
glucose uptake, oxidation and storage during insulin stimulated conditions. In obese and type 2 diabetes mellitus patients
with insulin resistance, the concept of metabolic inflexibility has been described, which characterized by higher lipid oxi-
dation both during fasting and insulin stimulated conditions during hyperinsulinemic euglycemic clamp. Lipolysis and lipid
oxidation are not sufficiently suppressed in insulin resistance. According to Randle theory of substrate competition, higher
free fatty acids utilization reduce glucose oxidation. Recent studies indicate, that skeletal muscle is disposed towards lipid
reesterification rather than lipid oxidation, which remain unchanged, but glucose oxidation is not increased during insulin
stimulated conditions or in postprandial state. This state of metabolic inflexibility could contribute to the accumulation of

lipid products in muscle as has been observed in insulin resistance. The importance of this pathophysiological changes
has not been fully evaluated. There are only a few data in the literature dealing with intervention influenced the metabolic

inflexibility in connection with chronic complications of diabetes.
Key words: metabolic inflexibility, insulin resistance, Randle cycle, diabetes mellitus

Inzulinova rezistence (IR) v metabolizmu glukozy je
béZznym nalezem u diabetik(l 2. typu a u obéznich jedinct.

Z hlediska intracelularnino metabolizmu glukozy je pfi
inzulinové rezistenci u diabetes mellitus 2. typu sniZzena

IR je pravdépodobné zakladni z fady klinickych, bioche-
mickych a humoralnich odchylek, které souhrnné oznacu-
jeme jako metabolicky syndrom, do kterého zahrnujeme
dale esencialni hypertenzi, dyslipoproteinemii, visceralni
obezitu, endotelovou dysfunkci a dalsi odchylky (Reaven
et al. 1988). IR hraje zasadni roli v progresi aterosklerézy
a je spojena s vyssi kardiovaskularni mortalitou a morbi-
ditou (Haffner et al. 1998, Laakso et al. 1997).

jak inzulinem stimulovana oxidativni, tak neoxidativni
utilizace glukézy, ackoli kvantitativné je podstatné vy-
znamnéjsi pokles neoxidativniho metabolizmu, jak bylo
prokazano hodnocenim substratové utilizace kombinaci
hyperinzulinového euglykemického clampu a nepfimé
kalorimetrie (DeFronzo et al. 1992). Diabetes mellitus
2. typu je spojen s nékterymi abnormalitami v metabo-
lizmu lipidd, mezi které fadime:
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a) zvySeni volnych mastnych kyselin,

b) inzulinovou rezistenci navozenou poruchu suprese
lipolyzy,

c) snizenou clearance volnych mastnych kyselin bé-
hem hyperglykemie (Kelly et al. 2000, Simonenau et al.
1997, Pelikanova 2003).

Navic tukova tkan produkuje fadu hormont (adi-
pocytokiny, cytokiny atp.), jejichz vzajemna interakce
je v soucasné dobé velmi zkoumana ve vztahu k pa-
togenezi metabolického syndromu, diabetes mellitus
a aterosklerdzy.

Vyznamného pokroku bylo v poslednich letech
dosazeno v poznani molekularnich mechanizmd, které
zajistuji prenos signalu vzniklého po vazbé inzulinu na
inzulinovy receptor na nitrobunécné efektorové sys-
témy (inzulinova signalni kaskada) a zahrnuji kaskadu
fosforylacné-defosforylacnich fady signalnich molekul.
Po fosforylaci substrat inzulinového receptoru 1-4 (IRS
1-4) se signalizace ubira dvéma zakladnimi sméry, jejichz
pojitkem je fosfatidylinositol 3- kinaza (Pl 3-kinaza) a Ras
komplex. A) Pl 3-kinaza se cestou aktivace dalSich kinaz
jako je proteinkinaza B (PKB/Akt) a atypické proteinki-
nazy C (PKC) podili na aktivaci enzym( proteosyntézy
a aktivaci glukézovych transportéri. B) Ras je skupina
GTP vazajicich proteinu, které odpovidaji za aktivaci
fady serin/treonin kinaz, jako je cytoplazmaticka serin
kindza (Raf), mitogén aktivujici protein kindza (MAP),
MEK a serin kinaza p90 S6. Cestou Ras komplexu jsou
zajistény mitogenni ucinky inzulinu, syntéza glykogenu
a lipidd (Khan et al. 1994). Signalizace je modulovana
fadou humoralnich a metabolickych faktoru, které mo-
hou stat v pozadi IR. Jednim z mnoha faktord mohou byt
znovu neesterifikované mastné kyseliny (NEMK), které
by mohly pfimo ovliviiovat aktivitu PKC, ktera je aktivo-
vana diacylglyceroly (DAG) a ucastni se fady procesl
spojenych s IR a diabetes mellitus 2. typu (Itani et al.
2002). Tato inzulinova signaliza¢ni kaskada je pfitomna
nejen v inzulin-dependentnich tkanich, ale i v bunkach,
které jsou povazovany za nezavislé na inzulinu. Dosud
nejsou molekularni mechanizmy inzulinové rezistence
pIné objasnény, ale pravdépodobné je pfitomna dysregu-
lace Ucink( inzulinu a geneticka determinace s riznymi
fenotypickymi projevy.

U obéznich a diabetikl 2. typu je pfic¢ina IR multifak-
torialni, zahrnujici zmény hormonalnich a enzymatickych
reakci, zmény transportnich mechanizm, dostupnosti
substratd, zmény krevniho pritoku a dalsi vlivy, jako jsou
fyzicka aktivita, hmotnost a sloZeni stravy (Simoneau
et al. 1997). IR délime na primarni, ktera je charakte-
rizovana genetickou dispozici, nebo sekundarni, ktera
je disledkem hormonalnich ¢i metabolickych zmén.
U diabetikd 2. typu je pfitomna sekundarni inzulinova
rezistence, ktera komplikuje metabolickou situaci (Rea-
ven 1988, Yki-Jarvinen et al. 1995) a vznika nejcastéji
vlivem hormonalnich a metabolickych (napf. hyperinzu-
linemie, hyperglykemie, zvySeni volnych mastnych kyse-
lin, G¢inek kontraregulacnich hormond, protilatky proti
receptoriim a inzulinu, amylin a dalsi vlivy) (DeFronzo et
al. 1992). Sekundarni IR mGze navodit véechny popsané
receptorové i postreceptorové abnormality, které vsak
mohou byt plné reverzibilni.

diabetologie ——

Porucha ucinku inzulinu a inzulinova rezistence je
popsana i u diabetikd 1. typu (De Fronzo et al. 1982,
Ebeling etal. 1998, Wohl et al. 2004) a to i u nemocnych
bez organovych komplikaci s uspokojivou metabolickou
kompenzaci (Ekstrand et al. 1998). U diabetik( 1. typu je
pfitomna porucha Gcinku inzulinu i pfi davkach inzulinu
(35+2 U/den), které v klinickém kontextu nesvédci pro
IR. IR neni typickym znakem diabetes mellitus 1. typu
(DeFronzo et al. 1982). Na vzniku IR u diabetikd 1. typu
se pravdépodobné podili aplikace inzulinu do perifernich
tkani, kdy aplikovany inzulin se v prvé fazi nedostava do
portalni krve a do jater (Hother-Nilsen et al. 1987). P¥i
vzniku inzulinové rezistence u diabetikd 1. typu se mo-
hou podilet nékteré faktory (redukce transportu glukézy
v kosternim svalu, redukce krevniho pratoku svalem,
zvySena jaterni produkce glukdzy, dale i neuspokojiva
metabolickd kompenzace diabetu). Stejné jako u diabeti-
ki 2. typu je i u diabetik(i 1. typu postiZzena jak oxidativni,
tak neoxidativni spotfeba glukdzy (Yki Jarvinen et al.
1987). Jsou publikovany studie, které prokazuiji, ze vyssi
denni davka inzulinu (vice jak 25-55 yU/ml) je spojena
s vySSimi titry protilatek proti inzulinu, které mohou byt
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Kumar et al. 1979, De Fronzo et al. 1982).

METABOLICKA INFLEXIBILITA

V podminkach nala¢no je oxidace mastnych kyselin
hlavnim zdrojem energie pro kosterni sval u zdravych
Stihlych jedincl. Za podminek inzulin stimulovanych
(postprandialnich) dochazi k supresi oxidace lipidu
a soucasné se zvySuje vychytavani (uptake), oxidace
a ukladani glukozy (Saltin et al. 1983, Kelly et al. 1990,
Kelly et al. 1994, Kelly et al. 2002). Tato tzv. metabolicka
flexibilita neboli schopnost presmyku mezi utilizaci sub-
strat( nalacno a postprandialné je vyznamna pro kryti
energetickych potreb, efektivni tvorbu zasob a vyuziti
energie.

Obecné, za podminek nalaé¢no prechéazi sval na
dominantni zdroj energie ve formé mastnych kyselin.
Pti jejich nadbytku dochazi ke snizeni glykolyzy cestou
akumulace acetyl CoA a citratu, coz vede k inhibici py-
ruvat dehydrogenazy a fosfofruktokinazy, tim dochazi
ke zvySeni glukdza 6-fosfatu, ktery blokuje hexokinazu
a snizuje se oxidace a vstup glukézy do bunék (Randle
1986). Vétsina studii, které dokladovaly vzajemnou
kompetici substratd, byla zaloZzena na pokusech na
zdravych jedincich. V sou¢asné dobé je vyznam tohoto
cyklu zpochybnén za podminek inzulinové rezistence.
Experimentalni studie na zvifecich modelech nepro-
kazaly snizeny inzulinem stimulovany odsun glukézy
po pridani mastnych kyselin (Kelly et al. 2000). IR se
projevuje redukci G¢inku inzulinu v metabolizmu gluké-
zy, ale soucasné je snizena suprese lipolyzy a zvySena
oxidace lipid(i. Neesterifikované mastné kyseliny (NEMK)
jsou vychytavany svalem a inkorporovany do tukovych
¢éastic ve svalu (asi 70-90%) a dochazi k jejich rychlé
esterifikaci do triacylglyceroll (Kelly et al. 2001). Bylo
prokazano, ze chronické i akutni zvySeni NEMK snizuje
inzulinem stimulovanou utilizaci glukdzy, syntézu glyko-
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genu a aktivitu fosfatidylinositol 3-kindzy (Boden et al.
1999, Goodpaster et al. 1998). ZvySené koncentrace
NEMK pfi IR v cirkulaci mohou byt disledkem zvySené
mobilizace MK z triglyceridd tukové tkané, snizené uti-
lizace ve tkanich nebo kombinaci téchto procest. PFi IR
byla popsana dysregulace lipoproteinovych lipaz (Roden
et al. 1996, Stumwoll et al. 2000).

Vyznamnou roli by mohla hrat i porucha vazebného
proteinu pro MK (fatty acid binding protein - FABP), ktery
je zodpovédny za transport MK ve tkanich k mitochondri-
im (pro oxidaci mastnych kyselin), k tukovym kapénkam
(pro ukladani), do jadra (regulace transkripce enzymu
lipidového metabolizmu) a FABP ma pravdépodobné
i vlastnosti ,scavangera” volnych radikala (Storch et
al. 2000). Ukladani tuku mimo tukovou tkan (v koster-
nim svalu, v jatrech, srdci, bunkach Langerhansovych
ostravkd) je jednou z diskutovanych teorii vzniku IR
a jejich projevi. Kromé kvantitativnich zmén mastnych
kyselin je fada experimentalnich i in vivo dokladi o tom,
Ze pri patofyziologii IR se uplatriuji i zmény slozeni MK
v sérovych a tkanovych lipidech. IR je spojena s nizsi
aktivitou glykogensyntetazy a snizenou tvorbou glyko-
genu (DeFronzo et al. 1992, Yki-Jarvinen et al. 1995).
U zdravych jedinc bez pfitomosti inzulinové rezistence
jsou hlavnim substratem energie pro kosterni sval za
podminek nalaé¢no volné mastné kyseliny. Odsun volnych
mastnych kyselin do svalu za téchto podminek je znac¢ny,
jak dokazuji studie, pfi kterych byl nalezen respiracni
koeficient 0,76+0,02, svéddici, ze lacna oxidace lipidl
predstavuje az 80% spotfebu O2 na predlokti (Kelly et al.
2000, Kelly et al. 2001). Vztah metabolickych pochod
a adipocytokint (adiponektin, resistin, TNF-alfa, a dalsi)
pfi inzulinové rezistenci neni dosud plné objasnén.

U diabetikd 2. typu a obéznich jedinct je v podmin-
kach nala¢no oxidace glukézy zvysena oproti hubenym
zdravym jedincim, zatimco je snizena oxidace lipid( pfi
zachovani vychytavani mastnych kyselin. Graf 1 popisuje
zmény za podminek hyperinzulinového euglykemického
clampu u zdravych jedinct, kdy dochazi az k desetina-
sobnému zvySeni oxidace glukézy (RQ=1.00), zatimco
u obéznich a diabetik( jsou oxidace a vychytavani
glukézy vyznamné redukovany a prakticky se neméni
ve srovnani s podminkami nalacno (RQ=0,9) (Kelly at
al 2000). Tento jev metabolické inflexibility je pravdé-

Metabolicka inflexibilita
1.0
£ 0.9 T —
S
2
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0.7
Nalaéno Stimulace inzulinem

Graf 1: Metabolicka inflexibilita energetickych substrati nalacno a za
podminek inzulin stimulovanych u obéznich (A ), diabetika 2. typu (m)
a zdravych jedinct (®) upraveno podle (Kelly et al. 2000), RQ (pfed-
lokti) - respiracni koeficient méfen na predlokti.

podobné dalSim klicovym mechanizmem, vedoucim ke
zvySené akumulaci lipida ve svalové tkani a mohl by se
podilet na poruSse metabolizmu glukézy pfi inzulinové
rezistenci (Kelly et al. 2000). ZvySena oxidace glukdzy
nala¢no negativné koreluje s inzulinovou senzitivitou,
stejné jako vys$si oxidace lipid( béhem podminek stimu-
lovanych inzulinem (Kelly et al. 2001).

U diabetik( a obéznich jsou diskutovany mechanizmy,
kterymi je metabolické inflexibilita manifestovana:

1. porucha cefalické faze inzulinové sekrece,

2. porucha na urovni kosterniho svalu v podminkach
nalacno a postprandialné,

3. porucha postprandialniho odsunu mastnych kyselin
k ukladani,

4. mitochondrialni porucha metabolizmu mastnych
kyselin (Kelly et al. 2002, Storlien et al. 2004).

Na podkladé vysledki studii z poslednich let se pred-
poklada, Ze excesivni akumulace lipidd v svalové tkani je
zpusobena defektem v oxidaci lipid( a nikoli zvySenym
odsunem volnych mastnych kyselin. V souc¢asné dobé
se vSak poukazuje na moznost zvySené akumulace
lipidi ve svalové tkani, ktera se mlzZe podilet na rozvoji
IR (Bachman et al. 2001). Akumulace lipid( ve svalové
tkani je podle vysledkd mnoha studii zplsobena snize-
nim oxidace a zvySenim esterifikace mastnych kyselin
(Ruderman et al. 1999, Simonenau et al. 1997).

U obéznich a diabetikl 2. typu je pravdépodobnou
pricinou snizené oxidace mastnych kyselin porucha
vstupu acylCoA do mitochondrie v disledku inhibice
karnitin-palmitoyl-transferazy malonylem CoA (CPT)
a tato inhibice vede ke snizeni oxidativnich pochodl
v mitochondrii (Ruderman et al. 1999, Kelly etal. 2001).
Pravé aktivita karnitin-palmitoyl transferazy je pfi IR
snizena, coz méa vztah v metabolizmu mastnych kyselin,
ale ovliviiuje i metabolizmus glukézy (Kelly et al. 2000,
Ruderman et al. 1999). Akumulace dlouhych fetézcl
acyl Coa miZe negativné plsobit na pfenos signalu pres
inzulinové receptory cestou aktivace proteinkinazy C.
Vyznam této kinazy spociva ve schopnosti inaktivovat
inzulinovy receptor a jeho podjednotky fosforylaci né-
kterych z jeho serinovych komponent (Kelly et al. 2001,
Kelly et al. 2000). Z uvedeného vyplyva, Zze akumulace
lipidd ve svalové tkani je zodpovédna za snizeni Gcinku
inzulinu v fadé jeho metabolickych drah. ZvySené mnoz-
stvi sérovych lipid( pfi inzulinové rezistenci koreluje se
zavaznosti této redukce. VétSina studii v této proble-
matice je zameérena na diabetiky 2. typu, pfitomnost
metabolické inflexibility je rovnéZz popsana u diabetikd
1. typu (graf 2 a 3) (Wohl et al. 2004).

Kontroverzni je vSak nalez u diabetik(i 1. typu oproti
diabetik(im 2. typu, kdy zvySeny obsah lipid{i ve svalové
tkani nekoreluje s inzulinovou senzitivitou (Ebeling et al.
1998). Na modelech krys zavislych na inzulinu a u dia-
betikl 1. typu se prokazalo zvysSeni lipolyzy, zvyseni
hladiny volnych mastnych kyselin, zvySeni sérovych
hladin triglyceridt, zvySeni hladiny ketolatek a pokles
respiracniho kvocientu (Kelly et al. 2000).

Vyznam metabolické inflexibility neni dosud dosta-
te¢né klinicky zhodnocen, podle nékterych autorl jde
jen o fenotypicky projev modelu inzulinové rezistence.
V jedné studii se parametry substratové utilizace davaji
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do souvislosti s progresi porusené glukézové tolerance
do manifestniho diabetes mellitus (Mensink at al 2001).
Je prokazano, Ze fyzicka aktivita muze tyto zmény po-
zitivné ovlivnit, ale nazory se v této problematice lisi
(Kelly at al 2001, Simonenau et al. 1999). V poslednich
letech byla publikovana data, ktera prokazuji, Ze vahova
redukce a zvySeni fyzické zatéZze mliZze mit vyznam v pre-
venci diabetes mellitus. Dosud neni dofeSeno, zda-li tyto
postupy ovlivni nékteré metabolické odchylky, napfiklad
pozitivni snizeni tize inzulinové rezistence, ktera je rizi-
kovym faktorem aterosklerdzy. V poslednim obdobi jsou
publikovany prace, ze fenomén metabolické inflexibility
by mohl byt vyznamny v patogenezi metabolického syn-
dromu. Klicovou otazkou zlistava, jak obézni a diabetici
ztraceji tuto schopnost a jak ji Ize ovlivnit terapeuticky?
(Storlien et al. 2004)

Studie s thiazolidindiony (PPARYy) prokazaly, Ze podani
téchto preparatll maze vést ke snizeni miry inzulinové
rezistence a zlepSeni metabolické kompenzace diabetu
u nemocnych s diabetes mellitus 2. typu. Prace z posled-
nich let prokazaly, Ze v experimentu na krysich modelech
podavani agonistt PPARI/Yy je Uc¢inné ve sniZzeni meta-
bolické inflexibility (Ljung at al 2002). U&innost téchto
postupl, s ohledem na metabolickou inflexibilitu, neni
u obéznich a diabetik( 2. typu v souc¢asné dobé zatim
dolozena. Rovnéz neni zhodnocen klinicky vyznam
poruchy oxidacnich pochodll u nemocnych s diabetes
mellitus v kontextu genotyp/genotyp. Je tfreba dalSich
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Graf 2: Zmény RQ v pribéhu clampu u diabetik( 1 typu (DM m)
a zdravych jedinc(i (KON #) za bazalnich podminek (B) a béhem dvou-
stupriového euglykemického hyperinzulinového clampu pfi rychlosti
podavani inzulinu 1 (I) a 10 mU/kg.min (ll). Upraveno podle (Wohl et
al. 2004).
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studii s cilem objasnit, zda intervence vedouci ke snizeni
inzulinové rezistence vede ke zlepSeni abnormalnich
metabolickych cest pfi inzulinové rezistenci. Metabolicka
inflexibilita se jevi jako dalsi vyznamny faktor v patofyzio-
logii energetického metabolizmu a metabolizmu glukézy
pfi IR (Kelly et al. 2000).

Nelze vyloucit, Ze metabolicka inflexibilita se muze
podilet na poruse substratové utilizace u nemocnych
v kritickém stavu, zejména jde-li o dlouhotrvajici stav, kdy
dochazi ke ztraté fyziologické regulace kosterniho svalu,
tukové tkané, R-bunek pankreatu a jater. Vysledkem,
kromé dalSich odchylek, je porucha oxidace lipidd za
podminek laénych i postprandialnich (inzulinem stimu-
lovanych), neschopnost utilizovat glukézu (oxidativné
i neoxidativné), a tim nemusi vzdy dojit k efektivnimu
vyuziti dodavanych substratd ani dodavané energie.
Thiazolidindiony jsou v sou¢asné dobé velmi studovany
i na Urovni experimentalnich septickych stavi in vitro
i in vivo s cilem ovlivnit miru zanétu pfi sepsi (Zingarelli
2005). V soucasné dobé ale nelze zhodnotit, jaky bude
mit vyznam pouZiti thiazolidindiont v klinické praxi
z hlediska intenzivni mediciny. Spojeni metabolickych
a protizanétlivych Gcinka thiazolidindiond je vSak po-
tencialné velmi slibné a je nutno vyckat dalSich vysled-
ki experimentalnich i klinickych studii v problematice
inzulinové rezistence nejen u diabetik(i, obéznich, ale
i nemocnych v kritickych stavech.

Préce podporena VZ MZO 000 23001 a grantem NR
7880-3
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Inzulin zlepsuje koronarni perfuzi
u diabetik( s ischemickou chorobou
srdeéni - mozné disledky pro praxi

MUDr. PETR WOHL

Centrum diabetologie IKEM

NEUMM 20086; 1" 19

Nemocni s diabetes mellitus 2. typu jsou ve vysokém riziku
kardiovaskularnich prihod. Studie autor( Lautamaki a spol.
publikovana po&atkem roku v asopise Diabetes hodnotila
vliv inzulinu na myokardiélni perfizi u 43 diabetikl 2. typu
s rozvinutou formou ischemické choroby srdeéni. U zdravych
jedincl zlepsuje podani inzulinu pritok koronarnim fecistém,
ale u diabetikll 2. typu tento jev dosud nebyl popsan. Pri-
mérny vék nemocnych byl (63 * 7 rokl), metabolickd kom-
penzace diabetu hodnocena hladinou glykovaného hemo-
globinu (71 = 0,9 %). Prtok krve myokardem byl hodnocen
za klidovych podminek a béhem zatéze metodou SPECT
(single-photon emission-computed tomography), echokar-
diografii a selektivni koronarografii. Méfeni myokardialniho
pritoku bylo provedeno za laénych podminek a béhem inzu-
lin stimulovanych podminek v pribghu hyperinzulinového
euglykemického clampu (n=43) a déle béhem adenosinem
(140 pg.kg'min' po dobu 7 min.) indukované hyperémie
(n=6) s pouzitim PET (positron emission tomography) a '*O
- znacené H,0. Myokardialni prdtok byl statisticky vyznam-
né snizen v ischemickych oblastech ve srovnani s neische-
mickymi ¢astmi myokardu (p<0,0001) a po aplikaci inzulinu
doslo k vzestupu pritoku ve srovnani s klidovou hodnotou
(p < 0,0001). Inzulin zvysil myokardiélni pratok o 13 % v is-
chemickych oblastech a 0 22 % v neischemickych oblastech.
inzulin tedy zlepSuje koronarni perflzi, a to jak v ischemic-

kych, tak v neischemickych oblastech myokardu u diabetik(
2. typu s ischemickou chorobou srdecni. Tyio vysledky by
mohly ¢astecné podporovat pozitivni vysledky aplikace inzu-
linu u akutnich koronarnich syndromi klinickych studiich.

Jaky by mohl byt viznam vysiedka téio
studie pro praxi?

Intenzivni inzulinova 1é¢ba a lé&ba hyperglykémis je v sou-
Gasné dobé velmi studovana u diabetik( i nediabetiki. Dia-
betici jsou ve stejné rizikove skuping ICHS jako nediabetici po
prodélané koronarni pfihodé. Hyperglykémie je prokézanym
nezavislym prediktorem mortality. DIGAMI-1 studie (Diabetes
mellitus insulin-glucose infusion in acute myocardial infarcti-
on) prokazala snizeni mortality a morbidity v intenzivng lece-
né skupingé inzulinem-glukdzou-kaliem (GIK infuze). Studie,
ktera podpofila vysledky DIGAMI -1, byla CREATE-ECLA,
ve které byla sniZzena rekurence ischémie u skupiny 1é¢ené
GIK infuzi. DIGAMI-2 vSak nepotvrdila vliv 16Cby inzulinem
na zlepseni dlouhodobé prognozy diabetikll s ICHS, Udinek
této infuze byl hodnocen jako neutralni. V studii Lautaméakiho
a spol. byl navic efekt inzulinu na myokardiélni pritok krve
aditivni i pfes soucasné aplikovanou interferujici medikaci
(betablokatory). Z praktického hlediska je kontrola glykémie
a létha inzulinem u akutnich koronarnich syndromd stéle
jednim ze zakladnich postupl, kieré se mohou podilet na
zlepseni prognostickych ukazatel(.
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Inzulinovéa rezistence (IR) hraje zasadni roli v progresi ate-
rosklerdzy a je spojena s vyssi kardiovaskularni mortali-
tou a morbiditou (Haffner at al. 1998, Laakso at al. 1997).
IR v metabolismu glukozy je bé&znym nalezem u diabetik(
2. typu a u obéznich jedincd. IR je pravdépodobné zakladni
z tady klinickych, biochemickych a humoralnich odchylek,
které souhrnné oznacujeme jako metabolicky syndrom, do
kterého zahrnujeme esencialni hypertenzi, dyslipoproteiné-
mii, visceraini obezitu, endotelovou dysfunkci a dalsi odchyl-
ky (Reaven at al. 1988). V roce 2005 byla vypracovana nova
klasifikace metabolického syndromu, kdy byl dan zietel na
abdominalni obezitu a poruchy glukozové homeostazy. Nové
byla upravena hodnota laéné glykémie, ktera byla snizena
na 5,6 mmol/l z plvodnich 6,1 mmol/l (IDF 2005). Velmi
vyznamnou soucasti je hypertenze, ktera je v soucasné dobé
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intenzivné studovana s ohledem na patogenetickeé mecha-
nismy inzulinové rezistence, diabetes mellitus a kardiovasku-
larni choroby a jejich vzajemné vztahy.

Studie s inhibitory angiotenzinového systému inhibitory angi-
otenzin konvertujiciho enzymu (ACE inhibitory) a blokéatory
angiotenzin |l typ 1 receptoru (ABR blokatory) z posledniho
obdobi prokazaly sniZzeni incidence diabetes mellitus 2. typu
(Grassi at al 2002, Linholm at al. 2003, Dahlof at al 2002,
Kurtz at al 2005). Mechanismus, ktery vede ke snizeni vysky-
tu diabetes mellitus 2. typu v téchto studiich, neni v soucas-
né dobé znam. Potencialnim mechanismem se jevi parciélni
agonisticka aktivita PPAR-gamma, nékterych ABR inhibitord,
ktera by mohia pfiznivé ovilivnit inzulinovou rezistenci, hladiny
lipid(h a nékieré dalsi metabolické pochody zodpovédné za
vznik cévnich komplikaci (Pershadsingh at al 2005, Benson
at al. 2004). Zhodnoceni viivu 1écby ACE a ABR blokatord
na zlepdeni inzulinové rezistence je literarné kontraverzni,
v rlznych studiich jsou pouzity odlisné metody verifikace
inzulinové rezistence, ale pouZiti hyperinzulinového euglyke-
mického clampu jako zlatého standardu neni bézné (Grassi
at al 2003, Linholm at al 2003, Deroza at al 2004, Vitale at
al 2005, Pershadsingh at al 2005 Fogari at al. 1998, Fogari
at al 2001, Paolisso at al. 1997). Experimentalni studie s ACE
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a ABR blokatorl poukazaly na mozné ovlivnéni metabolic-
kych pochodd cestou PPAR-gamma. Vyznam téchto dat je
v soucasné dobé velmi dalezity, protoZze bude-li dokazan
jejich potencialni metabolicky u¢inek, bude nutné zménit
strategii 1é¢by diabetu, hypertenze i metabolického syn-
dromu.

ABR ovlivnéni PPAR-gamma receptor

PPAR-gamma jsou nuklearni receptory, které maji viiv na
genovou expresi v metabolismu lipidd a glukozy, v soucasné
dobé jsou jiz prokazany GCinky tzv. thiazolidindion( (TZD).
Studie s TZD prokéazaly, Zze podani téchio preparatl miize
vest ke sniZzeni miry inzulinové rezistence a zlepseni metabo-
lické kompenzace diabetu u nemocnych s diabetes mellitus
2. typu. Nevyhodou TZD je &asty vzestup hmotnosti po zahé-
jeni 1&Cby, sklon k retenci tekutin a tvorbé otok{t (Schupp at
al 2005). Aktivace syntetickych agonistll PPAR-gamma TZD
vedla ke zfetelnému zlepSeni inzulinové sensitivity, poklesu
lacng glykémie, lacné insulinemie a hladiny sérovych tria-
cylglycerolt (Staels at al 2005). Rozdil uplnych agonistd
PPAR-gamma TZD a ABR je dan i tim, Ze parcialni agonis-
mus PPAR-gamma je spojen se snizenim celkové genové
exprese; je tedy ovlivnén mensi pocet cilovych gent regulo-
vanych PPAR-gamma. (Benson at al 2004). Piesné mecha-
nismy, experimentalné zodpovédné za metabolické GcCinky
parciglnich agonistd PPAR-gamma, nejsou znamy.

V poslednim obdobi bylo publikovano, Ze nékieré ABR
blokatory (telmisartan, irbesartan, losartan) mohou mit
podobnou strukturalni homologii s PPAR-gamma ligandem
pioglitazonem, a tim mohou aktivovat tyto nuklearni recepto-
ry (Benson at al. 2004).

V experimentalnich studiich s ABR blokatory bylo pro-
kézano, Ze parcialni aktivace PPAR-gamma je nezavisla
na jejich blokujici aktivité k angiotenzinu typu 1 receptoru.
PPAR-gamma funguje jako transkripéni regulator v tukové
tkani, kde reguluje &etné geny zahrnuté do metabolismu lipi-
di a glukdzy (Schupp at al. 2006).

Potencionalni mechanismy, kterymi by mohly byt ABR

zodpovédné za antiateroskleroticky ucinek, jsou:

1. Vliv na inzulinovou signalizaéni kaskadu, zlepSeni inzuli-

nové sensitivity.

Viiv na zlep8eni pratoku krve tkanémi.

. Snizeni oxidaéniho stresu a protizanétlivé Gcinky.

. Snizeni sympatické akiivity.

. Vliv na adipogenezu, snizeni hladiny mastnych kyselin
a triacylglycerolll, zvySeni inverzniho transportu choleste-
rolu, snizeni HDL cholesterolu.

6. Snizeni krevniho tlaku.

(Kurtz at al. 2004)

oA WN

Viiv ABR na poruchy substratové utilizace pfi inzuli-
nové rezistenci nebyl klinicky ani experimentalné dosud
zhodnocen.

Telmisartan se jevi jako nejucinngjsi agonista PPAR-
gamma, ze skupiny ABR (Benson at al 2004). Vyhodou je,
Ze tento UCinek je zprostiedkovan jiz béZnymi terapeuticky-
mi davkami oproti losartanu (Kurtz at al 2004, Schupp at al.
2006). Experimentaini studie s inzulin-rezistentnimi jedinci,
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obezitou, diabetes mellitus 2. typu identifikovaly defekt mito-
chondrialni oxidativni fosforylace, kierd je asociovana se
zvy8enou akumulaci lipidll a triacyglycerolt ve svalove tkani
(Kelly at al. 2002). Ze skupiny ABR je telmisartan schopen
zvysit expresi PKC 1 genu, ktery koduje fosfoenolpyruvat-kar-
boxykinazu (PEPCK-C). PEPCK-C je zodpovédna za snizeni
hladiny mastnych kyselin mechanismem zvySeni syntézy
glycerolu a opétovné esterifikace mastnych kyselin cestou
aktivace PPAR-gamma (Tordjamn at al 2003, Benson at al
2004). Navic je popsano, ze telmisartan snizuje 0 60 2z 70 %
expresi acetyl-CoA-karboxylazy 2 (ACC2); tato inhibice vede
k soucasnému snizeni syntézy mastnych kyselin a ke zvy-
Seni jgjich oxidace (Kelly at al 2002, Tordjamn at al. 2003).
Pravé ACC2 je jednim z hlavnich regulatorll metabolismu
mastnych kyselin ve svalu, tento enzym zvysuje koncentraci
malonyl CoA, kiery je inhibitorem karnitin palmitoyliransfera-
2y, kliGového enzymu regulujiciho vstup mastnych kyselin do
mitochondrie a jejich vyuziti. Zajimavym nalezem je, ze pio-
glitazon ani irbesartan nemél vliv na ACC2 ve srovnani s tel-
misartanem. (Benson at al 2004). Efekt telmisartanu byl v8ak
prokazan ve skupiné potkan( dietné intervenovanych dietou
s vysokym obsahem tuku a sacharidd, ale nikoliv ve skupiné
mysi typu Zucker, tedy u geneticky determinovangho modelu
mutace leptinového receptoru. Zde se nabizi hypotéza, zda
by mohl byt benefit 16¢by telmisartanu zévisly na intakinim
leptinovém signalizacnim systému (Benson at al 2004). In
vivo ale chybi dosud jasné diikazy o ucinku telmisartanu na
inzulinovou sensitivitu, metabolismus glukdzy a lipidd. Zatim
bylo publikovano nékolik malo studii, ve kterych se zlepsi-
ly parametry lipidového metabolismu, kdy doSlo k poklesu
sérovych hladin lipid( (Derosa at al 2004, Benson at al 2004,
Vitale at al 2005). V jiné studii doslo k signifikantnimu pokle-
su glykovaného hemoglobinu (HBalc) pfi pouziti relativné
nizké davky telmisartanu (20 nebo 40 mg/den) ve srovnani
s candesartanem (8 mg/den); rovnéz byl signifikantni pokles
Jla¢né insulinémie u diabetikd 2. typu (Honjo at al 2005). Stu-
die na 18 nemocnych s diabetes mellitus 2. typu léCenych
derivaty sulfonylurey a hyperienzi prokazala vzestup hladiny
adiponeciinu, pokles hs-CRP, lacné insulinémie a lipidd ve
skupiné telmisartanu (40 mg/den) oproti skupiné lé¢enych
valsartanem (80 mg/den) a candesartanem (8 mg/den)
(Miura at al 2005).

Losartan je dalsim ze skupiny ABR, u kierych je proka-
zéna agonisticka aktivita PPAR-gamma (Schupp at al 2004,
Benson at al 2004). Z velké randomizované a multicentricke
studie LIFE vychazi snizeni vyskytu diabetes mellitus o 25 %,
ale v této studii byl sou¢asné pouZit betablokator se suspekt-
nim prodiabetickym G¢inkem (Dalhof at al 2002). Mechanis-
mus, kierym dochazi ke snizeni vyskytu diabetes mellitus,
neni dosud znam, ale pravé potencionalni ovlivnéni PPAR-
gamma se jevi jako mozny mechanismus. Zajimavym nale-
zem bylo zji$téni, ze losartan, ktery je aktivné metabolizovan
v jatrech cestou cytochrom P450 (isoenzym CYP2CQ), se
rozpada na dva zakladni metabolity - EXP3174 a EXP3179.
EXP3174 ma az desetindsobnou afinitu k AT1 receptoru ve
srovnani s vlasinim losartanem, ale EXP3179 tuto viastnost
postrada. Soudi se, Ze pravé EXP3179 mize mit pleotrop-
ni uginky a parcialni agonistickou aktivitu PPAR-gamma.
EXP3179 je dale molekularné podobny indometacinu (inhibi-
tor cyklooxygenazy-COX), ktery je rovnéz aktivatorem PPAR-
gamma (Schupp at al 2006). Losartan rovnéz zvySuje hladinu
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séroveho adiponectinu u nemocnych s esencialni hypertenzi
a timto moznym mechanismem vede ke zlepseni inzulinove
rezistence (Koh at al. 2004). Studie hodnatici vliv losartanu
na zlep&eni inzulinové sensitivity jsou ale dosud kontraverzni
(Fogari at al. 1998, Fogari at al 2001, Paolisso at al. 1997).
Z klinického hlediska je ddlezité, Ze v pfipadé losartanu je
dosazeno aktivace PPAR-gamma jen ve vysokych koncent-
racich, proto se jevi tato hypotéza v pfipade losartanu nejista
v otazce snizeni vyskytu diabetu, ale tato problematika neni
dofesena (Schupp at al 2006, Dalhof at al 2002, Scheen
2004, Schupp at al 2004).

Irbesartan v experimentalnim modelu je spojen se zlep-
genim nékterych metabolickych parametrd, které nachazime
u inzulinrezistentnich stav(, a to zejména snizeni plazmatic-
ké hiladiny inzulinu a zvySeni hladiny adiponectinu (Clasen
at al 2005), ale nebyl pozorovan efekt na hladiny plazma-
tickych lipid(y (Henriksen at al 2001). Zlepseni Gdinku inzu-
linu se projevilo zvySenim aktivity glukozového transportéru
GLU-4 (Henriksen at al 2001), a jsou dalsi data, ktera proka-
zala zlepsSeni celotéloveho Ucinku inzulinu i UCinku inzulinu
na urovni kosterniho svalu (Sloniger JA at al. 2005). Klinicke
dlkazy UCinku irbesartanu dosud chybi.

Candesartan neni rovnéz dosud z hlediska metabolic-
kych Ggink(l experimentalné ani klinicky plné zhodnocen.
Studie ALPINE A CROSS hodnotily nepfimo vliv candesarta-
nu na inzulinovou sensitivitu. Ve studii CROSS bylo naznage-
no zlep$eni inzulinové sensitivity, v ALPINE byl zaznamenan
signifikantni pokles vyskytu diabetes mellitus u nemocnych
s hypertenzi, ale nebyl prokézan vliv na inzulinovou sensi-
tivitu. V zadné dosud publikované studii vSak nebyl pouzit
hyperinzulinovy euglykemicky ctamp k objektivnimu zhodno-
ceni vlivu candesartanu na tizi inzulinové rezistence, ale byl
aplikovan HOMA model, ve kterém doSlo ke zlepSeni para-
metr(l (Grassi at al.2003, Lindhom at al 2003). Candesartan
po pfidani k fenofibratu snizuje endoteliani dysfunkci, zanét-
livé markery a hladinu triacylglycerold u nemocnych s hyper-
tenzi (Koh at al 2006).

Valsartan je dalSi ze skupiny, u kterého byl prokazan
vliv na snizeni incidence diabetes mellitus. Studie VALUE
srovnavala valsartan proti amplodipinu, ktery je obecné
povazovan za metabolicky neutrélni (Kjeldsen at al 2004).
Kontraverzni je skute¢nost, Zze ani ve studii LIFE, ani ve studii
VALUE nebyla zahrnuta intervenovana skupina s placebem.
Stale neni jisté, jestli je sniZzeni incidence diabetu zplsobe-
no -per se blokadou renin-angiotensinového systému nebo
zda je zpUsobeno opozdénym nastupem diabetes mellitus.
Studie NAVIGATOR by méla mit jako primérni cil hodnotici
vliv valsartanu nebo nateglinidu na vyskyt diabetes mellitus u
nemocnych s porusenou glukézovou toleranci.

Zaver

Metabolicka &¢ba" hyperienze je velmi slibnou strategii
v lécbé metabolického syndromu, diabetes mellitus a ate-
rosklerdzy. Nelze vyloucit, Zze pravé ucinek pfes nuklearni
recepiory PPAR-gamma je spojen se snizenim zavaznych
kardiovaskularnich ukazatell ve velkych klinickych studi-
ich. Aktivace PPAR-gamma neni klinicky zfejmé spojena jen

22

s antidiabetickymi (i¢inky, ale jsou prokazany i protizanétlivé
Uginky. Nelze tedy vylougit, Ze ovlivnéni metabolickych a kli-
nickych parametri by mohlo byt spojeno s jinym mechanis-
mem nez pfes PPAR-gamma (Zingarelli B). Podobné nelze
konstatovat, ktery efeki ABR je spojen se snizenim incidence
diabetes mellitus. Dalsi otazkou, ktera se nabizi, je moznost
protichtdné kompetice mezi TZD a ABR. Hypoteticky mozny
aditivni efekt TZD a ABR by mél byt do budoucna zhodno-
cen. Z dosavadnich publikovanych dat vyplyva, ze je nuine
dalsich dlouhodobych experimentalnich a klinickych studii
(napf.: NAVIGATOR, ONTARGET). Vyhodou ABR jako meta-
bolickych modulatorti by mohla byt i skutecnost, Ze tato par-
cialni agonisticka aktivita ABR neni spojena s nezadoucimi
Ucinky, kieré maji TZD, mezi které jiz fadime retenci tekutin
a sklon k edémdm.
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Soukrm:

Metabalicky syndvom (synonyma: syndrom i, syndrom nzulinové rezi-
stence, Reavendv syndrom, Kaplanty Lsmrtici kvartet“) je definovén
jako soubor kiinickych projevit a odehylek, které zvySuji riziko ate-
roskierdzy, zejména ischemické choreby srdeéni, cévnich mezkovych
péfed a ischemické choroby dolnich koncetin. Metahaolicky syndrom
ie spojen se vznikem diabetu mellitu 2. typu, ktery vede k orgénovim
mikrovaskularnim a makrovaskularnim komplikacim. Disledky jed-
notlivich odchylel jsou velmi zdvaZné a jejich lécha je zasadnim kvo-
kem v zlepieni dloubodobé prognézy téchto nemocnych. MoZné oviliv-
néni metaholickyeh poruch zavisi viznamné na socialnich,
ekonomickych, kulturnich moZnostech, kieré oviiviiuji distni styl

a cvideni, kieré jsou dileZitym faktorem pfi vzniku metabolického

syndromu a diabetu mellitu 2. typu.

Klicova slova:
metabelicky syndrom, ateroskleréza, terapie

Metabolicky syndrom zahrnuje hype-
rinzulinémii, inzulinovou rezistenci, po-
ruchu glukézové tolerance nebo diabe-
tes mellitus 2. typu, obezitu
centralniho typu, dyslipoproteinemii,
arterialni hypertenzi, hyperurikémii,
poruchy koagulace (19,22). Nékiefi au-
tofi zahrnuji do syndromu i jiné sympto-
my jako je mikroalbuminurie, hyperho-
mocysteinemie, ovarialni
hyperandrogenismus, hirzutismus a zme-
ny sloZeni mastnych kyselin v sérovych

a tkanovych fosfolipidech. U nemocnych
s metabolickym syndromem jsou naru-
eny mechanismy zodpovédné za udrze-
ni normalni glukézové homeostazy,

a které nachadzime pravideiné u diabetu
mellitu 2. typu (normalni sekrece inzuli-
nu, normaini Géinek inzulinu v cilovych
tkdnich (v jatrech suprese produkce glu-
kozy a ve svalech stimulace odsunu glu-
kézy), normalini non-inzulin-dependentni
transport glukozy. Etiopatogeneze vzniku
metabolického syndromu neni plné ob-
jasnéna, pfedpoklada se cast jak gene-
tickych vliva, tak exogennich faktord
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(obezita, stres, koufeni, malé fyzické ak-
tivita, nadmérny denni energeticky pri-
jem, nevhodné sloZeni stravy s vysokym
podilem Zivogisnych tukd (10). Tento
syndrom je klinicky vyznamny a je aso-
ciovan se vznikem diabetu mellitu 2. ty-
pu a progresf aterosklerdzy. Z hlediska
aterosklerdzy jsou diabetici 2. typu s ne-
gativni anamnézou infarktu myokardu ve
stejné rizikové skupiné jako nediabetici
po infarktu myokardu. (6)

Diabetes mellitus 2, typu
Inzulinova rezistence je charakterizova-
na poruchou Géinku inzulinu v cilové tka-
ni, kdy normalni koncentrace inzulinu vy-
volava snizenou metabolickou odpovéd.
Samotna inzulinové rezistence bez poru-
chy sekrece inzulinu v8ak nestaci k ma-
nifestaci diabetu meilitu 2. typu. U vétsi-
ny nemocnych je pravdépodobné prvotni
abnormalitou stoupajici inzulinova rezi-
stence, kterd vede k postupné se zvét3u-
ficl hyperinzulinémii a poruSe sekrece in-
zulinu v R buiitkach pankreatu (10, 19,
18). Pravé hyperinzulinémie zplsobuje

nékteré cesty v metabolismu lipidd, pro-
teinti, nukleovych kyselin a minerald,
které jsou patrné zavaZngjsi nez samotnd
hyperglykémie (15,18,19). V&tsinou je
diabetes 2. typu diagnostikovan nahod-
né a Gasto jiZ ve stadiu pokrogilych cév-
nich makroangiopatickych a mikroangio-
patickych komplikaci (aZ ve 30%
pfipadi). Podle studie UKPDS dochazi

v priib&hu onemocnéni k postupnému
snizovani sekrecni kapacity B-bunék

(i v Zévislosti s vékem) a tento pokles je
nezavisly na zvoleném terapeutickém re-
jimu {dieta, metformin a derivaty sulfo-
nylurey).

% Porucha

| metabolismu lipid{
Dyslipidémie je nedilnou soucésti meta-
bolického syndromu. Pfi metabolickém
syndromu nachazime hypertriacylglycero-
16mii, postprandidlni hyperlipidémii, vySsi
VLDL-TG, niZsi hladiny HDL cholesterolu,
malé densni LDL, vy38i apo B a nizsi apo
A1 (8). Vlivem inzulinové rezistence do-
chézi ke zv{Sené tvorbé triacylglycerold,
kieré je dana vy33im pfisunem mastnych
kyselin do jater pfi zvySené lipolyze v tu-
kové thani (horman sensitivni lipaza v tu-
kové tkdni neni suprimovana inzulinem).
Hypertriacylglycerolémie je asociovana

s hyperkoagulabilitou a poruchou fibrino-
yzy (vy35i hladina inhibitoru tkdfiového
aktivatoru plasminogenu 1, zvySenf fakto-
ru VIl atp.) (9). Hladina celkového cho-
lesterolu nemusi byt inzulinovou re-
zistenci ovlivnéna. Snizeni HDL
cholesterolu pfi normalnim celkovém
cholestrolu je spojeno s dvojnasobnym ri-
zikem ICHS a Gtyfndsobnym rizikem
kardiovaskularnf mortality u diabetiki

2. typu (14). Vtabulce €. 1 jsou uvedena
doporugeni optimalnich hladin lipidd pro
diabetiky s ohledem na kardiovaskularni
riziko (5).

Jak ukazujf vysledky rozséhljch studii
(4S, LIPIDS, CARE, HPS a dalsich), hypo-
lipidemicka 1étba zlep3uje progndzu ne-
mocnych, kardiovaskularni riziko a viskyt
¢évnich mozkovych pFihod u nemocnych
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s diabetem mellitem. Volba hypolipide-
mickych preparat je zaloZena na typu hi-
pidové poruchy. U izolované hypercho-
lesterolémie volime statiny, pri
hypertriacylglycerolémii doporucujeme
fibraty a u smiSenych poruch, Ize dopo-
ruéit statiny ev. kombinaci statind

a fibratti s ohledem na riziko nezadou-
cich Gcinkil této kombinace. Strategie hy-
polipidemické 1é€by se zasadné nelisi od
nediabetiki. V 1éChé hyperlipidémii lze
dale pouZit pryskyfice a niacin. V preven-
¢i ICHS je jednoznacny benefit prokazan
u statin(i (21). Za markery kardiovasku-

obeznich ma hypertenzi a soutasné po-
ruchu glukdzové tolerance). Vlivem inzuli-
nové rezistence a hyperinzulinémie do-
chézi ke zméneé vaskularni reaktivity, ke
Zméné transportu kationt(, k retenci na-
tria a naristu aktivity sympatického ner-
vového systému a dalSim jevim, které ve-
dou k rozvoji hypertenze (20). Z vysledkl
epidemiologickych studii vyplyva, Ze
agresivni IéCba hypertenze vede snizeni
makrovaskularniho i mikrovaskularniho
rizika u nemocnych s diabetem mellitem
{(23). LéEba hypertenze u diabetikl 2. ty-
pu snizuje vyskyt fatalnich i nefatalnich

Doporuéeni optimalnich hladin lipidii pro diabetiky

nizké riziko AS stfedni riziko AS  vysoké riziko AS
cholesterol (mmol/I) <4.8 4.4-6.0 > 6.0
LDL (mmol/1) <3.0 3.0-4.0 >4.0
HDL {mmol/1) >1.2 1.0-1.2 <1.0
Triglyceridy (mmol/1) <17 1.7-2.2 >2.2

larniho rizika se povazuji rovnéZ koncent-
race HDL cholesterolu < 1,0 mmol/|

a triglyceridd > 2,0 mmol/I (21). U vyso-
ce rizikovych nemocnych je cilem dosaze-
ni koncentrace celkového cholesterolu
pod 5 mmol/l a LDL cholesterolu pod 3
mmol/I.

Obezita

Centralni (visceralni) typ obezity je jed-
vyznamnou roli v patogenezi inzulinové re-
zistence. O mife rizika visceralni obezity
nas informuje index pas/boky a pfedevsim
obvod pasu (u muzi vySsi nez 1, uZen vys-
5i nez 0,85). Centraini obezita zhorSuje
inzulinovou rezistenci a hyperinzulinémii
se viemy disledky. Vzestup BMI nad 32
je spojen se étyfnasobnym vzestupem
amrtnosti na kardiovaskularni choroby
(7). Obezita je déale rizikovym faktorem fa-
dy jinych patologickych stavl v problema-
tice gastrointestinalni a hepatobiliarni, he-
mokoagulaéni, respirani, urologické,
gynekologické, ortopedické, kozni, psy-
chosocialni atp. Obezita vyjadfena BMi

> 30 je vZdy indikaci k I6¢beé.

b Esenciaini hypertenze
Hypertenze je u nemocnych s metabo-
lickym syndromem je spojena s vysokym
rizikem kardiovaskularnich komplikaci.
Zejména vztah obezity a hypertenze je

z klinického hlediska vjznamny (az 80%
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mozkovych cévnich pfihod (24). Optimal-
ni hodnota krevniho tlaku pro diabetiky
by méla byt pod 130/85 mmHg, pfi posi-
tivni proteinurii pod 130/75mmHg.

V soucasné dobé jsou za léky 1. volby po-
vazovany inhibitory angiotenzin konvertu-
jiciho enzymu, selektivni betablokéatory,
alfa 1 blokatory a inhibitory kalciovych
kanall. DosaZeni cilové hodnoty krevniho
tlaku je u vétSiny diabetikll mozné jen pfi
kombinaci 1ék0. (21, 24). Snizenf krevni-
antihypertenzniho preparatu (13). Dle in-
tervencnich studii se kontrola krevniho
tlaku zd4 byt z hlediska aterosklerdzy di-
leZit&jSi neZ kontrola glykémie.

il Poruchy keagulace

ZvySena pohotovost ke tvorbé trombi
je rovnéz soucasti metabolického synd-
romu. Tento stav je patrné zplsoben zvy-
Senou produkci tromboxanu a dalSich
dysbalanci vasokonstrikénich, desticko-
vych plsobki, endotelidlni dysfunkei

a poruchou fibrinolyzy (zvySeni hladiny
inhibitoru tkdnového aktivatoru plasmi-
nogenu 1 (PAI-1) (18). Antiagregacéni
lécba je indikovana u véech nemocnych
s diabetem mellitem v sekundarni pre-
venci po prodélaném infarktu myokardu,
dale u pacientl s anginou pectoris,
s ICHDK a klaudikacemi a po cévni moz-
kové ptihodé. V priméarni prevenci je tato
[éCba indikovana u nemocnych s posi-

tivni rodinnou anamnézou ICHS, koufe-
nim, hypertenzi, obezitou (BMI > 28

u Zen, BMI > 27.3 u muZ{), positivnim
nalezem mikroalbuminurie a proteinurie
a pii zvySeni sérovych lipidd (3).

i Hyperurikémie

Hyperurikémie je Gastym nalezem u ne-
maocnych s inzulinovou rezistenci, obéz-
nich a diabetikil 2. typu a pfedstavuje
dalsi rizikovy faktor ICHS. Vy33i hladina
kyseliny mocové je dana snizenou re-
nalni clearanci této latky pfi inzulinové
rezistenci. Klinicky se mlZe Castéji mani-
festovat jako dnava artritida a méné gas-
to jako uratova nefropatie. Vzhledem

k antioxidagnimu U€inku mize byt vliv
hyperurikémie na organismus pfi meta-
bolickém syndromu protektivni. Dochazi-
li k nariistu sérové koncentrace kyseliny
maocové v priib&hu redukénich reZim

u obéznich éi diabetikl 2. typu byva Cas-
to nutné zahéjit farmakologickou |écbu
(alopurinol).

B Terapeutické moZnosti

LéEba metabolického syndromu je zalo-
Zena na ovlivnéni jednotlivych metabo-
lickych odchylek. SniZenf inzulinové rezi-
stence a hyperinzulinémie maze byt
positivné ovlivnéno zménou Zivotniho
stylu (4). Zména Zivotniho stylu je velmi
vyznamnym parametrem, ktery sniZuje
incidenci diabetu mellitu 2. typu, jak
prokazala studie srovnavajici viiv
metforminu v kombinaci s intervenci

s cilem zménit Zivostni styl. Zména 7i-
votniho stylu byla Géinn&jsi nez farmako-
logickd 1écba metforminem (26). Zména
Zivotniho stylu byla definovana jako in-
tervence vedouci k poklesu hmotnosti

o vice jak 7% podatetni hmotnosti, dopl-
néna o nizkokalorickou racionalni stravu
s omezenim tuki a zvySenim fyzické za-
téZe v trvani 150 minut tydné. DlleZitym
prvkem této studie byla behavioralni
psychoterapie. Primarni [éEba inzulinové
rezistence v sou€asné dobé je zaloZena
na podavani preparatii ze skupiny glita-
zonli (rosiglitazon, pioglitazon) a je indi-
kovana u nemocnych s diabetem melli-
tem 2. typu. V 16Eb& metabolického
syndromu nebylo jejich postaveni zatim
jednoznacné definovano. Dietni opatfeni
v [6Cbé metabolického syndromu jsou

~ zaioZena na snizeni nadmérného denni-

ho energetického pFijmu a snizeni pfisu-
nu tukd pod 30% denniho energetického
prijmu. Tuky nahrazujeme sacharidy, je-

jichZ podil by mél &init 50-60%, ev. pro-
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teiny (10-15%). Je vhodné doporucit ne-
mocnému tabulky potravin s obsahem
tukd, sacharidd a proteind. Motivacni

a edukacni kontroly u lékare, dietologa
a dietnich sester hraji dlileZitou roli

v complianci nemocnych. Bylo prokaza-
no, Ze citlivost tkani na inzulin se zvy-
Suje pii poklesu hmotnosti a pii naris-
tu vahy je tomu naopak (2). OptimaIni
je aerobni fyzicka zatéZ, kdy by tepova
frekvence neméla pfesahnout u mladych
140 tep(/minutu, u osob stfedniho véku
130 tepl/minutu a starsich 110 te-
pd/minutu (7). Doba fyzické zatéZe by
méla byt u vétSiny nemocnych 45-60 mi-
nut 3-4x tydné. Mezi nejvhodnéjsi pohy-

bovou aktivitu fadime chlzi, plavéni a jiz- -

du na kole. Citlivost k inzulinu je tim
vy38i, &im vy3Si je relativni obsah aktivni
svalové hmoty a trénovanost méfend ma-
ximalni aerobni kapacitou a ¢im je nizsi
podil intraabdominalni tukové tkdné

a niz5i pomé&r pas/boky, ktery je ukazate-
lem obezity centralniho typu (16,17).
Medikamentézni 1é¢ha obezity pred-
stavuje pouze doplnék dietnich, pohy-
bovjch, kognitivné-behavioralnich po-
stupii. V souasné dobé Ize doporucit
napf. léky ovliviiujici vstfebavani tuki ze
stfeva a serotoninergni a katecholami-
nergni anorektika. V |6Cbé obesity se
preparaty orlistat, jak ukazuji nékteré
studie z posledniho obdobi. LéEba
orlistatem spolu s dietni intervenci vede
k vahovému bytku (dale byl pozorovan
pokles sérovych lipidQ, lacné glykémie,

glykovaného hemoglobinu), ktery je spo-
jen se snizenim kardiovaskularniho rizi-
ka. (25). 4-leta studie Xendos se 3304
pacienty rovnéz potvrdila positivni vliv
orlistatu na pokles hmotnosti. V této stu-
dii bylo pozorovano snizeni rizika vzniku
diabetu mellitu 2. typu 0 37 %.

V pfipadé jiz diagnostikovaného diabetu
mellitu 2. typu by méla byt zahajena te-
rapie akarbosou, metforminem nebo
thiazolidindiony, pfi nedostateéném
efektu pak volba preparatd zvysujici
endogennf sekreci inzulinu (derivaty
sulfonylurey, meglitinidy nebo derivaty
D-fenylalaninu). Dilezitym ukazatelem

v |1éEbé diabetika 2. typu je postprandi-
alni glykémie, kterd je rizikovym kardio-
vaskularnim faktorem a cilem 16¢by by
méla byt agresivni strategie s cilem sniZit
tento parametr pod 9 mmol/!. (27). Vel-
mi vyznamnym terapeutickym zasahem
je snizeni pfechodu poruené glukdzové
tolerance v manifestni diabetes mellitus,
kdy se zhorSuji metabolické parametry.
Zavérem, lze fici, Ze intenzivni I1é¢ba
jednotlivych odchylek metabolického
syndromu je vyjznamna pfi sniZeni
kardiovaskularniho rizika a mortality
téchto nemocnych.
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