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tǊƻƘƭłǑŜƴƝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tǊƻƘƭŀǑǳƧƛΣ ȌŜ ǘŀǘƻ ǇǊłŎŜ ƧŜ ƳȇƳ ǇǻǾƻŘƴƝƳ ŀǳǘƻǊǎƪȇƳ ŘƝƭŜƳΣ ƪǘŜǊŞ ƧǎŜƳ ǾȅǇǊŀŎƻǾŀƭ 

ǎŀƳƻǎǘŀǘƴŠ όǇƻŘ ǾŜŘŜƴƝƳ ŘƻŎΦ tƘŀǊƳ5ǊΦ YŀǘŜǌƛƴȅ ±łǾǊƻǾŞ tƘΦ5ΦύΦ ±ŜǑƪŜǊł ƭƛǘŜǊŀǘǳǊŀ ŀ ŘŀƭǑƝ 

zdroje, z ƴƛŎƘȌ ƧǎŜƳ Ǉǌƛ ȊǇǊŀŎƻǾłƴƝ őŜǊǇŀƭΣ Ƨǎƻǳ ǳǾŜŘŜƴȅ Ǿ ǎŜȊƴŀƳǳ ǇƻǳȌƛǘŞ ƭƛǘŜǊŀǘǳǊȅ ŀ 

v ǇǊłŎƛ ǌłŘƴŠ ŎƛǘƻǾłƴȅΦ tǊłŎŜ ƴŜōȅƭŀ ǾȅǳȌƛǘŀ ƪ ȊƝǎƪłƴƝ ƧƛƴŞƘƻ ƴŜōƻ ǎǘŜƧƴŞƘƻ ǘƛǘǳƭǳΦ 

 

 

[ǳƪłǑ hǇłƭƪŀ 

V IǊŀŘŎƛ YǊłƭƻǾŞ ŘƴŜ нуΦ őŜǊǾŜƴŎŜ нлмс 
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tƻŘŠƪƻǾłƴƝ 

włŘ ōȅŎƘ ǇƻŘŠƪƻǾŀƭ ǎǾŞ ǑƪƻƭƛǘŜƭŎŜ ŘƻŎΦ tƘŀǊƳ5ǊΦ YŀǘŜǌƛƴŠ ±łǾǊƻǾŞΣ tƘΦ5Φ Ȋŀ ƻŘōƻǊƴŞ 

ǾŜŘŜƴƝΣ ǊŀŘȅ ŀ ƴŜƻŎŜƴƛǘŜƭƴƻǳ ǇƻƳƻŎ ōŠƘŜƳ ŎŜƭŞƘƻ ǎǘǳŘƛŀΦ 

tƻŘŠƪƻǾłƴƝ ǇŀǘǌƝ ǘŀƪŞ őƭŜƴǻƳ {ƪƛƴ .ŀǊǊƛŜǊ wŜǎŜŀǊŎƘ DǊƻǳǇ όȊŜƧƳŞƴŀ ǇǊƻŦΦ tƘŀǊƳ5ǊΦ 

!ƭŜȄŀƴŘǊǳ IǊŀōłƭƪƻǾƛΣ /{ŎΦΤ aƎǊΦ tŜǘǌŜ tǳƭƭƳŀƴƴƻǾŞΣ tƘΦ5ΦΤ aƎǊΦ .ŀǊōƻǌŜ ~ƪƻƭƻǾŞΣ tƘΦ5ΦΤ 

aƎǊΦ aƻƴƛŎŜ YƻǇŜőƴŞΤ aƎǊΦ !ƴŘǊŜƧƛ YƻǾłőƛƪƻǾƛ ŀ aƎǊΦ aƛŎƘŀŜƭŜ {ƻŎƘƻǊƻǾŞύ ŀ ƪƻƭŜƎǻƳ 

z YŀǘŜŘǊȅ ŀƴƻǊƎŀƴƛŎƪŞ ŀ ƻǊƎŀƴƛŎƪŞ ŎƘŜƳƛŜ όƘƭŀǾƴŠ tƘŀǊƳ5ǊΦ WŀǊƻǎƭŀǾǳ wƻƘƻǾƛΣ tƘΦ5Φ ŀ ŘƻŎΦ 

tƘŀǊƳ5ǊΦ WƛǌƝƳǳ YǳƴŜǑƻǾƛΣ /{ŎΦύ za pomoc a podporu Ǉǌƛ ǾȇȊƪǳƳǳ ŀ Ǉǌƛ ǾȊƴƛƪǳ ǘŞǘƻ ǇǊłŎŜ. 

5ŠƪǳƧƛ Ȋŀ ǇƻƳƻŎ ǘŀƪŞ ǎǇƻƭǳǇǊŀŎƻǾƴƝƪǻƳ Ȋ ±~/I¢ Ǿ Praze (RNDr. Jaroslav Maixner, CSc.); z 

CǊŜƛŜ ¦ƴƛǾŜǊǎƛǘŅǘ .ŜǊƭƛƴΣ bŠƳŜŎƪƻ (skupina Dr. Sarah Hedtrich); z University of California, 

San Francisco, USA (Dr. Yoshikazu Uchida); z Hoshi University, Tokyo, Japonsko (Dr. Yasuko 

Obata); z DŜǊƳŀƴ /ŀƴŎŜǊ wŜǎŜŀǊŎƘ /ŜƴǘŜǊΣ IŜƛŘŜƭōŜǊƎΣ bŠƳŜŎƪƻ ό5ǊΦ wƻƎŜǊ {ŀƴŘƘƻŦŦ ŀ ƧŜƘƻ 

skupina); z ¦ƴƛǾŜǊǎƛǘŞ ŘŜ ¢ƻǳƭƻǳǎŜΣ CǊŀƴŎƛŜ ό5ǊΦ bŀǘƘŀƭƛŜ WƻƴŎŀ ŀ ƧŜƧƝ ǎƪǳǇƛƴŀύ ŀ Ȋ Univerzity 

Pardubice (skupina prof. Ing. Michala HolőŀǇƪŀ tƘΦ5Φύ 

½ŀ ŦƛƴŀƴőƴƝ ǇƻŘǇƻǊǳ ŘŠƪǳƧƛ ȊŜƧƳŞƴŀ ¦ƴƛǾŜǊȊƛǘŠ YŀǊƭƻǾŠ όD!¦Y őΦ уусмрΣ D!¦Y őΦ мусунмп a 

SVV 260 нфмύ ŀ DǊŀƴǘƻǾŞ ŀƎŜƴǘǳǌŜ 2w όD!2w мс-25687J, 13-23891S a 207/11/0365). 

włŘ ōȅŎƘ ǘŀƪŞ ǇƻŘŠƪƻǾŀƭ ǊƻŘƛƴŠ ŀ ǇǌłǘŜƭǻƳ Ȋŀ ǇƻŘǇƻǊǳΦ  
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Abstrakt 

 

Univerzita Karlova v Praze, FŀǊƳŀŎŜǳǘƛŎƪł Ŧŀƪǳƭǘŀ Ǿ IǊŀŘŎƛ YǊłƭƻǾŞ 

YŀǘŜŘǊŀ ŀƴƻǊƎŀƴƛŎƪŞ ŀ ƻǊƎŀƴƛŎƪŞ ŎƘŜƳƛŜ 

YŀƴŘƛŘłǘΥ aƎǊΦ [ǳƪłǑ hǇłƭƪŀ 

~ƪƻƭƛǘŜƭΥ ŘƻŎΦ tƘŀǊƳ5ǊΦ YŀǘŜǌƛƴŀ ±łǾǊƻǾłΣ tƘΦ5Φ 

błȊŜǾ ŘƛsŜǊǘŀőƴƝ ǇǊłŎŜΥ {ȅƴǘŞȊŀ ƭƛŘǎƪȇŎƘ ˖-O-ŀŎȅƭŎŜǊŀƳƛŘǻ ŀ ƘƻŘƴƻŎŜƴƝ jejich vlivu na 

ōŀǊƛŞǊƻǾŞ Ǿƭŀǎǘƴƻǎǘƛ ƪƻȌƴƝŎƘ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴ 

 

IƭŀǾƴƝƳ ŎƝƭŜƳ ǘŞǘƻ ǇǊłŎŜ ōȅƭƻ ǇǌƛǇǊŀǾƛǘ ŀ ŘłƭŜ ǎǘǳŘƻǾŀǘ ƭƛŘǎƪŞ ŀŎȅƭŎŜǊŀƳƛŘȅ όŀŎȅƭ/ŜǊΣ 

ŎŜǊŀƳƛŘȅ ǘȅǇǳ 9hύ ǎŜ ȊŀƳŠǌŜƴƝƳ ƴŀ ƻōƧŀǎƴŠƴƝ ǾȊǘŀƘǳ ƳŜȊƛ ƪƻƴŎŜƴǘǊŀŎƝ ŀŎȅƭ/ŜǊΣ ǎǘǊǳƪǘǳǊƻǳ 

ƧŜƧƛŎƘ ǇƻƭłǊƴƝ ƘƭŀǾȅΣ ǎŎƘƻǇƴƻǎǘƝ ǘǾƻǌƛǘ ƭŀƳŜƭłǊƴƝ ŦłȊŜ ŀ ǇŜǊƳŜŀōƛƭƛǘoǳ ƳƻŘŜƭƻǾȇŎƘ ƭƛǇƛŘƻǾȇŎƘ 

ƳŜƳōǊłƴΦ 5ŀƭǑƝƳ ŎƝƭŜƳ ōȅƭƻ ǇǌƛǇǊŀǾƛǘ ŎŜǊŀƳƛŘ-1-ŦƻǎŦłǘȅ ǇǊƻ ǎǘǳŘƛǳƳ ƧŜƧƛŎƘ ǎƛƎƴŀƭƛȊŀőƴƝ ǊƻƭŜ 

v ƪƻȌƴƝ ōŀǊƛŞǌŜ ŀ ŀƴŀƭƻƎ ƎŀƴƎƭƛƻǎƛŘǳ Daм ǎ ƪǊŀǘǑƝƳ ŀŎȅƭŜƳ Ƨŀƪƻ ǎǘŀƴŘŀǊŘ ǇǊƻ ŀƴŀƭȇȊǳ ǘŠŎƘto 

ƭƛǇƛŘǻΦ 

/ŜǊŀƳƛŘȅ ό/ŜǊύ ǇŀǘǌƝ Řƻ ǊƻŘƛƴȅ ǎŦƛƴƎƻƭƛǇƛŘǻΦ Wǎƻǳ ǘƻ ŎŜƴǘǊłƭƴƝ ƳƻƭŜƪǳƭȅ Ǿ metabolismu 

ǎŦƛƴƎƻƭƛǇƛŘǻ ŀ ǇƻŘƝƭŜƧƝ ǎŜ Ƨŀƪ ƴŀ ǊŜƎǳƭŀőƴƝŎƘ ǇǊƻŎŜǎŜŎƘ Ǿ ōǳƶƪłŎƘΣ ǘŀƪ ƴŀ ōŀǊƛŞǊƻǾŞ ŦǳƴƪŎƛ 

ƭƛŘǎƪŞ ƪǻȌŜΦ IƭŀǾƴƝ ƪƻȌƴƝ ōŀǊƛŞǊǳ ǇǌŜŘǎǘŀǾǳƧŜ stratum corneum (SC), ŎƻȌ ƧŜ ƴŜƧǎǾǊŎƘƴŠƧǑƝ 

ǾǊǎǘǾŀ ƪǻȌŜΦ ¨őŜƭŜƳ {/ ƧŜ ǳŘǊȌŜǘ ƘƻƳŜƻǎǘłȊǳ ǾƴƛǘǌƴƝƘƻ ǇǊƻǎǘǌŜŘƝ ŀ ȊŀōǊłƴƛǘ ǇǊǻƴƛƪǳ 

ŜȄƻƎŜƴƴƝŎƘ ƭłǘŜƪΣ ŀƭŜǊƎŜƴǻ ŀ ōŀƪǘŜǊƛƝ Řƻ ƻǊƎŀƴƛǎƳǳΦ 

!Ŏȅƭ/ŜǊ ǎŜ ǎƪƭłŘŀƧƝ ȊŜ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜΣ ƪǘŜǊł ƧŜ ŀŎȅƭƻǾłƴŀ ultra-dlouhou όҗ ол/ύ ƪȅǎŜƭƛƴƻǳΣ ƴŀ 

ƧŜƧƝȌ -̟ƘȅŘǊƻȄȅƭƻǾŞ ǎƪǳǇƛƴŠ ƧŜ ǾłȊŀƴł ƪȅǎŜƭƛƴŀ ƭƛƴƻƭƻǾłΦ !Ŏȅƭ/ŜǊ Ƨǎƻǳ ƴŜƧŘŜƭǑƝ /ŜǊΣ ƪǘŜǊŞ ǎŜ 

v ƪǻȌƛ ǾȅǎƪȅǘǳƧƝ ŀ ǇǊƻ ƧŜƧƝ ŦǳƴƪŎƛ Ƨǎƻǳ ȊŎŜƭŀ ƴŜȊōȅǘƴŞΦ WŜƧƛŎƘ ǵǇƭƴȇ ŘŜŦƛŎƛǘ ƴŜƴƝ ǎƭǳőƛǘŜƭƴȇ ǎŜ 

ȌƛǾƻǘŜƳΣ ǇǊƻǘƻȌŜ ŘƻŎƘłȊƝ ƪ ƻōǊƻǾǎƪȇƳ ȊǘǊłǘłƳ ǾƻŘȅ ǇǌŜǎ ƪǻȌƛΦ ½ŘǊŀǾł ƪƻȌƴƝ ōŀǊƛŞǊŀ 

ƻōǎŀƘǳƧŜ ǇǌƛōƭƛȌƴŠ ф҈ ŀŎȅƭ/ŜǊ z ŎŜƭƪƻǾŞƘƻ ƳƴƻȌǎǘǾƝ /ŜǊΦ ±ȇƪȅǾȅ Ǿ ƘƭŀŘƛƴŠ ŀŎȅƭ/ŜǊ όǾŠǘǑƛƴƻǳ 

ǎƴƝȌŜƴŞ ƳƴƻȌǎǘǾƝύ ōȅƭȅ ƴŀƭŜȊŜƴȅ ǳ ƴŠƪƻƭƛƪŀ ȊłǾŀȌƴȇŎƘ ƪƻȌƴƝŎƘ ƻƴŜƳƻŎƴŠƴƝΣ Ƨŀƪƻ ƧŜ ŀǘƻǇƛŎƪł 

ŘŜǊƳŀǘƛǘƛŘŀΣ ǇǎƻǊƛłȊŀ ƴŜōƻ ƭŀƳŜƭłǊƴƝ ƛŎƘǘƘȅƽȊŀΦ  

WŜƭƛƪƻȌ ŀŎȅƭ/ŜǊ ƴŜƧǎƻǳ ƪƻƳŜǊőƴŠ ŘƻǎǘǳǇƴŞΣ ōȅƭƻ ǇƻǘǌŜōŀ ǾȅǾƛƴƻǳǘ ŀ ƻǇǘƛƳŀƭƛȊƻǾŀǘ ƧŜƧƛŎƘ 

ǘƻǘłƭƴƝ ǎȅƴǘŞȊǳΦ ±ȇŎƘƻȊƝ ƭłǘƪƻǳ ǇǊƻ ǇǌƝǇǊŀǾǳ ŀŎȅƭ/ŜǊ ǎŜ ǎǘŀƭŀ мс-bromƘŜȄŀŘŜƪŀƴƻǾł 

kyselina. Z ǘŞǘƻ ƪȅǎŜƭƛƴȅ ōȅƭŀ ǇǌƛǇǊŀǾŜƴŀ Ƨŀƪ ŦƻǎŦƻƴƛƻǾł ǎǻƭΣ ǘŀƪ ŀƭŘŜƘȅŘΣ dva reaktanty pro 

Wittigovu reakci, ŎƻȌ ƧŜ ƪƭƝőƻǾȇ ƪǊƻƪ Ǿ ǘŞǘƻ ǎȅƴǘŞȊŜΣ ƪǘŜǊȇ ǳƳƻȌƴƛƭ ǇǌƝǇǊŀǾǳ ǳƭǘǊŀ-ŘƭƻǳƘŞƘƻ 
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ǌŜǘŠȊŎŜΦ ±Ȋƴƛƪƭł он/ ƴŜƴŀǎȅŎŜƴł ƪȅǎŜƭƛƴŀ ōȅƭŀ ǇƻǎƭŞȊŜ ǇǌŜǾŜŘŜƴŀ ƴŀ ǎǳkcinimidylester, 

ƪǘŜǊȇ ȊǾȇǑƛƭ ƧŜƧƝ ǊƻȊǇǳǎǘƴƻǎǘ ŀ ȊłǊƻǾŜƶ ǇƻǎƭƻǳȌƛƭ Ƨŀƪƻ ŎƘǊłƴƝŎƝ ǎƪǳǇƛƴŀ Ǉǌƛ acylaci kyselinou 

linolovouΦ bŀǾłȊłƴƝ ƪȅǎŜƭƛƴȅ ƭƛƴƻƭƻǾŞ ǎŜ ǇƻŘŀǌƛƭƻ ǎ ǾȅǳȌƛǘƝƳ ¸ŀƳŀƎǳŎƘƛƘƻ ŜǎǘŜǊƛŦƛƪŀőƴƝ 

reakce. V ǇƻǎƭŜŘƴƝƳ ƪǊƻƪǳ ǊŜŀƎƻǾŀƭ ǎǳƪŎƛƴƛƳƛŘȅƭŜǎǘŜǊ ƪȅǎŜƭƛƴȅ ǎŜ ǎŦƛƴƎƻƛŘƴƝ ōłȊƝ Ȋŀ ǾȊƴƛƪǳ 

ǇƻȌŀŘƻǾŀƴȇŎƘ ŀŎȅƭ/ŜǊΦ ± ƪƻƴŜőƴŞƳ ǾȇǎƭŜŘƪǳ ōȅƭŀ ǾȅǾƛƴǳǘŀ мн ƪǊƻƪƻǾł ǊŜŀƪŎe s ŎŜƭƪƻǾȇƳ 

ǾȇǘŠȌƪŜƳ мм ҈ όǇǊƻ ƳƴƻȌǎǘǾƝ Ǿ ǌłŘŜŎƘ ŘŜǎƝǘŜƪ ƳƛƭƛƎǊŀƳǻύΣ ǇǌƝǇŀŘƴŠ 7 ҈ όǇǊƻ ƎǊŀƳƻǾł 

ƳƴƻȌǎǘǾƝύΦ 

5łƭŜ ōȅƭȅ ǎȅƴǘŜǘƛȊƻǾłƴȅ /ŜǊ-1-ŦƻǎŦłǘȅ ŀ ƳƻŘƛŦƛƪƻǾŀƴŞ ƎŀƴƎƭƛƻǎƛŘȅΦ /ŜǊ-1-ŦƻǎŦłǘȅ ōȅƭȅ 

ǇǌƛǇǊŀǾŜƴȅ ƳŜȊƛŦłȊƻǾƻǳ ŦƻǎŦƻǊȅƭŀŎƝ ǇƻƳƻŎƝ tόh/I3)3Σ ƴłǎƭŜŘƻǾŀƴƻǳ ƘȅŘǊƻƭȇȊƻǳ 

ƳŜǘƘȅƭƻǾȇŎƘ ǎƪǳǇƛƴ Ȋŀ ǾȊƴƛƪǳ ŘǾƻǳ /ŜǊ-1-ŦƻǎŦłǘǻ ȊŀƭƻȌŜƴȇŎƘ ƴŀ ǎŦƛƴƎƻǎƛƴǳ ŀ 

dihydrosfingosinu s ŎŜƭƪƻǾȇƳ ǾȇǘŠȌƪŜƳ оп ҈ ŀ пр ҈Φ ¢ȅǘƻ ƭłǘƪȅ ōǳŘƻǳ ŘłƭŜ ǾȅǳȌƛǘȅ ǇǊƻ 

ǎǘǳŘƛǳƳ ƧŜƧƛŎƘ ǵƭƻƘȅ Ǿ ōǳƴŠőƴŞ ǎƛƎƴŀƭƛȊŀŎƛ Ǉǌƛ ǘǾƻǊōŠ ƪƻȌƴƝ ōŀǊƛŞǊȅ ŀ ƧŜƧƛŎƘ ŎƘƻǾłƴƝ 

v ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴłŎƘΦ Wŀƪƻ ǎǘŀƴŘŀǊŘ ǇǊƻ ƪǾŀƴǘƛŦƛƪŀŎƛ ƎŀƴƎƭƛƻǎƛŘǻ Ǿ ōƛƻƭƻƎƛŎƪŞƳ 

ƳŀǘŜǊƛłƭǳ ōȅƭ ǇǌƛǇǊŀǾŜƴ ƳƻŘƛŦƛƪƻǾŀƴȇ ƎŀƴƎƭƛƻǎƛŘ Daм ǎŜ ȊƪǊłŎŜƴȇƳ ŀŎȅƭƻǾȇƳ ǌŜǘŠȊŎŜƳΦ 

Wŀƪƻ ǾȇŎƘƻȊƝ ƭłǘƪŀ ōȅƭ ǇƻǳȌƛǘ ǇǌƝǊƻŘƴƝ ƎŀƴƎƭƛƻǎƛŘ DaмΣ ƪǘŜǊȇ ōȅƭ ŜƴȊȅƳŀǘƛŎƪȅ ŘŜŀŎȅƭƻǾłƴ ŀ 

ƴłǎƭŜŘƴŠ ƻǇŠǘ ŀŎȅƭƻǾłƴ ƪȅǎŜƭƛƴƻǳ ǎ ƪǊŀǘǑƝƳ ǌŜǘŠȊŎŜƳ Ǿ ŎŜƭƪƻǾŞƳ ǾȇǘŠȌƪǳ пл ҈Φ 

tǌƛǇǊŀǾŜƴŞ ŀŎȅƭ/ŜǊ ōȅƭȅ ǾȅǳȌƛǘȅ ǇǊƻ ǇǌƝǇǊŀǾǳ ƳƻŘŜƭƻǾȇŎƘ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴ 

ƴŀǇƻŘƻōǳƧƝŎƝŎƘ ƪƻȌƴƝ ōŀǊƛŞǊǳΦ .ȅƭȅ ǇǌƛǇǊŀǾŜƴȅ ŘǾŠ ǎŞǊƛŜ ƳŜƳōǊłƴ ς ƧŜŘƴƻŘǳŎƘȇ ŀ ǎƭƻȌƛǘȇ 

model. Jednoduchȇ ƳƻŘŜƭ ǎŜ ǎƪƭłŘŀƭ Ȋ jednoho acylCer (Cer EOS)/ jednoho Cer (Cer 

NS)κƭƛƎƴƻŎŜǊƻǾŞ ƪȅǎŜƭƛƴȅκŎƘƻƭŜǎǘŜǊƻƭǳ ǎ ǇǌƝŘŀǾƪŜƳ ŎƘƻƭŜǎǘŜǊyl-ǎǳƭŦłǘǳΦ tƻƳƻŎƝ ǇǊłǑƪƻǾŞ 

ǊŜƴǘƎŜƴƻǾŞ ŘƛŦǊŀƪŎŜ ōȅƭŀ ȊƪƻǳƳłƴŀ ǇƻǘǌŜōƴł ƪƻƴŎŜƴǘǊŀŎŜ /ŜǊ 9h{Σ Ǉǌƛ ƪǘŜǊŞ ƧŜ 

v ƳƻŘŜƭƻǾȇŎƘ ƳŜƳōǊłƴłŎƘ ǇƻȊƻǊƻǾŀǘŜƭƴł ŘƭƻǳƘł ǇŜǊƛƻŘƛŎƪł ŦłȊŜ όƴŜȊōȅǘƴł ǇǊƻ ǎǇǊłǾƴƻǳ 

ōŀǊƛŞǊƻǾƻǳ ŦǳƴƪŎƛ ƪǻȌŜύΦ .ȅƭƻ ȊƧƛǑǘŠƴƻΣ ȌŜ ǘŀǘƻ ŦłȊŜ ǎŜ ƻōƧŜǾǳƧŜ ƻŘ ƪƻƴŎŜƴǘǊŀŎŜ мл % Cer EOS 

a koexistuje s ƪǊłǘƪƻǳ ǇŜǊƛƻŘƛŎƪƻǳ ŦłȊƝ. tǌƛ ол ҈ /ŜǊ 9h{ ǎŜ ƪǊłǘƪł ŦłȊŜ ǾȅǘǊłŎƝΦ tǌƛ 

ǇŜǊƳŜŀōƛƭƛǘƴƝŎƘ ŜȄǇŜǊƛƳŜƴǘŜŎƘ ǎŜ ǾǑŀƪ ǳƪłȊŀƭƻΣ ȌŜ ǘŜƴǘƻ ƳƻŘŜƭ ƧŜ ǇǌƝƭƛǑ ƧŜŘƴƻŘǳŎƘȇ ŀ ȌŜ 

ǇǌƝŘŀǾŜƪ ŀŎȅƭ/ŜǊ Řƻ ƳŜƳōǊłƴȅ ȊǇǻǎƻōǳƧŜ ȊǾȇǑŜƴƝ ǇŜǊƳŜŀōƛƭƛǘȅ ǇǊƻ ƳƻŘŜƭƻǾŞ ƭłǘƪȅ. 

!ōȅŎƘƻƳ ȊƝǎƪŀƭƛ ǾȇǎƭŜŘƪȅ ǊŜƭŜǾŀƴǘƴƝ ƪ ǇƻȊƴŀǘƪǻƳ in vivo, byl jednoduchȇ model nahrazen 

ǎƭƻȌƛǘŠƧǑƝm modelemΣ ƪǘŜǊȇ ƻōǎŀƘƻǾŀƭ ƪǊƻƳŠ ǊƻȊŘƝƭƴȇŎƘ ŀŎȅƭ/ŜǊ όǇǌƝǇŀŘƴŠ ƧŜƧƛŎƘ ǎƳŠǎƛύ ǘŀƪŞ 

ǎƳŠǎ /ŜǊΣ ǎƳŠǎ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴΣ ŎƘƻƭŜǎǘŜǊƻƭ ŀ ǇǌƝŘŀǾŜƪ ŎƘƻƭŜǎǘŜǊyl-ǎǳƭŦłǘǳΦ Studium 

ǎƭƻȌƛǘŠƧǑƝƘƻ ƳƻŘŜƭǳ bylo ȊŀƳŠǌŜƴo na ǇƻǊƻǾƴłƴƝ ǊƻȊŘƝƭƴŞ struktury acylCer hlavy. 

tŜǊƳŜŀōƛƭƛǘŀ ǾǑŜŎƘ ƳŜƳōǊłƴ ǎƭƻȌƛǘŞƘƻ ƳƻŘŜƭǳ ǎ ƻōǎŀƘŜƳ ŀŎȅƭ/ŜǊ ōȅƭŀ ǎƴƝȌŜƴŀ ƻǇǊƻǘƛ 

ƪƻƴǘǊƻƭŜ όōŜȊ ŀŎȅƭ/ŜǊύΣ ŎƻȌ ƳƴƻƘŜƳ ƭŞǇŜ ƪƻǊŜƭǳƧŜ ǎ ŜȄǇŜǊƛƳŜƴǘȅ ƴŀ ƭƛŘǎƪŞ ƪǻȌƛΦ !ǾǑŀƪ 

ƳŠǌŜƴƝ ǇǊłǑƪƻǾŞ ǊŜƴǘƎŜƴƻǾŞ ŘƛŦǊŀƪŎŜ ǳƪłȊŀƭƻΣ ȌŜ Ǿ ǘƻƳǘƻ ǎƭƻȌƛǘŞƳ ƳƻŘŜƭǳ ŘƭƻǳƘƻǳ 

ƭŀƳŜƭłǊƴƝ ŦłȊƛ ǘǾƻǌƝ ǇƻǳȊŜ ƴŜƧǎƭƻȌƛǘŠƧǑƝ ƳŜƳōǊłƴŀ ǎ ƻōǎŀƘŜƳ ǎƳŠǎƛ ŀŎȅƭ/ŜǊΦ ¢ȅǘƻ ǾȇǎƭŜŘƪȅ 

ǇƻǇǊǾŞ ǇƻǇƛǎǳƧƝ ǾȊǘŀƘȅ ƳŜȊƛ ǎǘǊǳƪǘǳǊƻǳ ŀŎȅƭ/ŜǊ ŀ ƧŜƧƛŎƘ ŎƘƻǾłƴƝƳ Ǿ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴłŎƘΦ 
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Tento model bude v ōǳŘƻǳŎƴǳ ǾȅǳȌƛǘ ƪ ǇǌƝǇǊŀǾŠ ƳƻŘŜƭǻ ƭƛǇƛŘƻǾŞ ōŀǊƛŞǊȅ ǳ ƪƻȌƴƝŎƘ 

ƻƴŜƳƻŎƴŠƴƝ ŀ ƪŜ ǎǘǳŘƛǳ ƭłǘŜƪ ǎ ǇƻǘŜƴŎƛłƭƴƝ ǎŎƘƻǇƴƻǎǘƝ ǊŜƎŜƴŜǊƻǾŀǘ ǇƻǑƪƻȊŜƴƝ ƪƻȌƴƝ ōŀǊƛŞǊȅΦ  

tǌƛǇǊŀǾŜƴŞ ŀŎȅƭ/ŜǊ ōȅƭȅ ǘŀƪŞ ǇƻǳȌƛǘȅ Ƨŀƪƻ ǎǘŀƴŘŀǊŘȅ ǇǊƻ ƪǾŀƴǘƛŦƛƪŀŎƛ ŀŎȅƭ/ŜǊ Ǿ ōƛƻƭƻƎƛŎƪŞƳ 

ƳŀǘŜǊƛłƭǳΦ { ǇƻǳȌƛǘƝƳ It¢[/ ǎŜ ƴłƳ ǇƻŘŀǌƛƭƻ ŘƻƪłȊŀǘΣ ȌŜ ƴłƳƛ ǇǌƛǇǊŀǾŜƴŞ ŀŎȅƭ/ŜǊ ǎŜ 

ǎƪǳǘŜőƴŠ ǾȅǎƪȅǘǳƧƝ Ǿ ƪǻȌƛ ŀ ǘŀƪŞ ǎŜ ǇƻŘŀǌƛƭƻ ǾȅƭŜǇǑƛǘ ƧŜƧƛŎƘ ƪǾŀƴǘƛǘŀǘƛǾƴƝ ŀƴŀƭȇȊǳ ŀ ŘƻƪłȊŀǘΣ ȌŜ 

ǇǊƻ ƪǾŀƴǘƛŦƛƪŀŎƛ Ƨǎƻǳ ƴŜȊōȅǘƴŞ ǎǇǊłǾƴŞ ǎǘŀƴŘŀǊŘȅΣ Ƨƛƴŀƪ ŘƻŎƘłȊƝ ƪ ŎƘȅōŠ Ǿ ǌłŘŜŎƘ ŀȌ ǎǘƻǾŜƪ 

ǇǊƻŎŜƴǘΦ !Ŏȅƭ/ŜǊ ōȅƭȅ ǘŀƪŞ ǇƻǳȌƛǘȅ Ǉǌƛ ƪǾŀƴǘƛŦƛƪŀŎƛ ƭƛǇƛŘǻ Ǿ ǊŜƪƻƴǎǘǊǳƻǾŀƴŞ ƪǻȌƛ ǎŜ ǎƴƝȌŜƴƻǳ 

ŜȄǇǊŜǎƝ ŦƛƭŀƎƎǊƛƴǳ Ƨŀƪƻ ƳƻŘŜƭǳ ŀǘƻǇƛŎƪŞ ŘŜǊƳŀǘƛǘƛŘȅΣ ƪŘŜ ōȅƭƻ ȊƧƛǑǘŠƴƻΣ ȌŜ ŀƎƻƴƛǎǘŞ ʰ-

ǇƻŘǘȅǇǳ ǊŜŎŜǇǘƻǊǳ ŀƪǘƛǾƻǾŀƴŞƘƻ peroxiȊƻƳƻǾȇƳƛ proliferłtory ȊƭŜǇǑǳƧƝ ƘƻƳŜƻǎǘłȊǳ Ǿ ƪǻȌƛΣ 

ȊǾȅǑǳƧƝ ōŀǊƛŞǊƻǾou funkcƛ ƪǻȌŜ a ƴƻǊƳŀƭƛȊǳƧƝ ǎƭƻȌŜƴƝ ǾƻƭƴȇŎƘ ƳŀǎǘƴȇŎƘ kyselin. 

½łǾŠǊŜƳ ƭȊŜ ǌƝŎƛ, ȌŜ byla vyvinuta ǵőƛƴƴł ŀ ǎǇƻƭŜƘƭƛǾł ǎȅƴǘŞȊŀ ƭƛŘǎƪȇŎƘ ǳƭǘǊŀ-ŘƭƻǳƘȇŎƘ /ŜǊ, 

ǇǊƻǾŜŘƛǘŜƭƴł ƛ ǾŜ ǾŠǘǑƝƳ ƳŠǌƝǘƪǳΦ ¢ȅǘƻ ǇǌƛǇǊŀǾŜƴŞ ŀŎȅƭ/ŜǊ ōȅƭȅ ǾȅǳȌƛǘȅ ǇǊƻ ǘǾƻǊōǳ 

ƳƻŘŜƭƻǾȇŎƘ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴ ǎƛƳǳƭǳƧƝŎƝŎƘ zdravouΣ ǇǌƝǇŀŘƴŠ ǇƻǊǳǑŜƴou koȌƴƝ ōŀǊƛŞǊǳ, 

ŎƻȌ ƻǘŜǾƝǊł ƴƻǾŞ ƳƻȌƴƻǎǘƛ in vitro ƘƻŘƴƻŎŜƴƝ ǇƻǘŜƴŎƛłƭƴƝŎƘ ƭŞőƛǾ ǇǊƻ ȊłǾŀȌƴł ƪƻȌƴƝ 

ƻƴŜƳƻŎƴŠƴƝΣ Ƨŀƪƻ ƧŜ ŀǘƻǇƛŎƪł ŘŜǊƳŀǘƛǘƛŘŀ őƛ ǇǎƻǊƛłȊŀΦ ¢ȅǘƻ ŀŎȅƭ/ŜǊ ōȅƭȅ ǊƻǾƴŠȌ ǾȅǳȌƛǘȅ ƪŜ 

ȊƭŜǇǑŜƴƝ ƪǾŀƴǘƛǘŀǘƛǾƴƝ ŀƴŀƭȇȊȅ ƭƛǇƛŘǻ Ǿ ƪƻȌƴƝŎƘ ǾȊƻǊŎƝŎƘΦ 
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Abstract 

/ƘŀǊƭŜǎ ¦ƴƛǾŜǊǎƛǘȅ ƛƴ tǊŀƎǳŜΣ CŀŎǳƭǘȅ ƻŦ tƘŀǊƳŀŎȅ ƛƴ IǊŀŘŜŎ YǊłƭƻǾŞ 

Department of Inorganic and Organic chemistry 

/ŀƴŘƛŘŀǘŜΥ aƎǊΦ [ǳƪłǑ hǇłƭƪŀ 

{ǳǇŜǊǾƛǎƻǊΥ ŘƻŎΦ tƘŀǊƳ5ǊΦ YŀǘŜǌƛƴŀ ±łǾǊƻǾłΣ tƘΦ5Φ 

Title of doctoral thesis: Synthesis ƻŦ ƘǳƳŀƴ ˖-O-acylceramides and evaluation of their 

effects on barrier properties of skin lipid membranes 

 

The main objective of this work was to synthesize and study human acylceramides (acylCer, 

ceramides of the EO type) with the focus on the relationships between the acylCer 

concentration , structure of their polar head, their ability to form lamellar phases and 

permeability of model lipid membranes. Another objective was to synthesize ceramide-1-

phosphates for the study of their signaling role in skin barrier and an analogue of ganglioside 

GM1 with shorter acyl chain as a standard for analysis of these lipids. 

Ceramides (Cer) belong to the family of sphingolipids. They are the central molecules in 

sphingolipid metabolism, they participate on cell regulatory processes and the formation of 

human skin lipid barrier. The main skin barrier is situated in the stratum corneum (SC), which 

is the uppermost layer of skin. The purpose of SC is to maintain homeostasis of the inner 

environment and to prevent the penetration of exogenous substances, allergens and 

bacteria to the organism. 

AcylCer are composed of sphingoid base, which is acylated by ultra-ƭƻƴƎ όҗ ол/ύ ŀŎƛŘΣ 

ŜǎǘŜǊƛŦƛŜŘ ōȅ ƭƛƴƻƭŜƛŎ ŀŎƛŘ ŀǘ ƛǘǎ ˖-hydroxyl group. AcylCer are the longest Cer occurring in 

the skin and they are essential for the proper function of the skin. Their complete deficit is 

lethal due to immense water loss through the skin. Healthy skin barrier contains 

approximately 9% of acylCer (of all Cer). Disturbances in the acylCer levels (mostly 

decreased levels) were found in several severe skin diseases, such as atopic dermatitis, 

psoriasis of lamellar ichthyosis.  

Due to commercial unavailability of acylCer, we needed to develop and optimize their 

complete synthesis. The starting compound for this synthesis was 16-bromohexadecanoic 

acid. This acid served as a precursor for the preparation both the phosphonium salt and 

aldehyde, two reactants for Wittig reaction, which was a key step in this synthesis that 
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enabled the preparation of the ultra-long chain. Resulting 32C unsaturated acid was 

converted to succinimidyl ester, which increased its solubility and simultaneously served as 

a protecting group during its acylation with linoleic acid. Linoleic acid was attached to the 

ultra-long hydroxyl acid using Yamaguchi esterification reaction. In the last step, 

succinimidyl ester of the acid reacted with sphingoid base resulting in the desired acylCer. 

12-step synthesis with overall 11% yield  (in tens of milligrams), and 7% (in gram amounts) 

was developed. 

Next, Cer-1-phosphates and modified gangliosides were synthesized. Cer-1-phosphates 

were synthesized using interphase phosphorylation with P(OCH3)3, followed by the 

hydrolysis of methyl groups to obtain two Cer-1-phosphates based on sphingosine and 

dihydrosphingosine in the overall yields 34% and 45%. These compounds will be used for 

the study of their role in cell signalization during the formation of skin barrier and their 

behavior in lipid membranes. Ganglioside GM1 with shorter acyl chain was prepared as a 

standard for ganglioside quantification. Natural ganglioside GM1 was used as a starting 

compound. It was enzymatically deacylated and then acylated again with an acid with 

shorter chain to obtain the product in 40% overall yield. 

The prepared acylCer were used for the preparation of model lipid membranes mimicking 

the skin lipid barrier. Two series of the membranes were prepared ς a simple and complex 

model. The simple model was composed of one acylCer (Cer EOS)/one Cer (Cer NS)/ 

lignoceric acid/cholesterol with addition of cholesteryl sulfate. Using X-ray powder 

diffraction we studied the concentration of Cer EOS necessary for the formation of the long 

periodicity phase (essential for the proper barrier function of the skin). It was found, that 

this phase appears at 10% concentration of Cer EOS and coexists with the short periodicity 

phase. At 30% Cer EOS, the short periodicity phase disappeared. Though in permeability 

experiments, this model showed to be too simple and the addition of acylCer to the 

membrane led to increase in the permeability to model compounds. 

To obtain results relevant to in vivo findings, the simple model was substituted by more 

complex model that contained different acylCer (or their mixture), mixture of Cer, mixture 

of fatty acids, cholesterol and an addition of cholesteryl sulfate. Experiments with complex 

model were focused on the comparison of different structures of acylCer polar head. The 

permeability of all membranes of the complex model containing acylCer was decreased 

compared to control (without acylCer), which correlates much better with the experiments 

using human skin. However, X-ray powder diffraction measurements showed that only the 

most complex membrane with the mixture of acylCer forms the long periodicity phase. 

These results for the first time describe the relationships between the acylCer structure and 
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their behavior in lipid membranes. In the future, this model will be used in preparation of 

the models of lipid barrier in skin diseases and to study compounds with potential ability to 

regenerate impaired skin barrier. 

The prepared acylCer were also used as standards for the quantification of acylCer in 

biological material. Using HPTLC, we were able to prove that the prepared acylCer occur in 

skin. We also improved their quantitative analysis and found that identical standards are 

necessary for their proper quantification. Using incorrect standards may lead to errors 

reaching up to hundreds percent. AcylCer were also used for quantification of lipids in 

reconstructed skin with filaggrin knockdown as a model of atopic dermatitis. It was found 

ǘƘŀǘ ǇŜǊƻȄƛǎƻƳŜ ǇǊƻƭƛŦŜǊŀǘƻǊ ŀŎǘƛǾŀǘŜŘ ǊŜŎŜǇǘƻǊ ʰ ŀƎƻƴƛǎǘǎ ƛƳǇǊƻǾŜ ǎƪƛƴ ƘƻƳŜƻǎǘŀǎƛǎΣ 

increase skin barrier function and normalize the composition of free fatty acids. 

To conclude, an efficient, scalable and reliable synthesis of human ultra-long Cer was 

developed. The synthesized acylCer were used for the preparation of model lipid 

membranes simulating healthy or impaired skin, which opens new possibilities of in vitro 

evaluation of potential drugs for the treatment of severe skin diseases, such as atopic 

dermatitis or psoriasis. These acylCer were also used to improve quantitative analysis of 

lipids in skin samples. 
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1. ̈ ǾƻŘ 

/ŜǊŀƳƛŘȅ ό/ŜǊύ Ƨǎƻǳ ŎŜƴǘǊłƭƴƝ ƳƻƭŜƪǳƭȅ ǾŜ ǎŦƛƴƎƻƭƛǇƛŘƻǾŞƳ ƳŜǘŀōƻƭƛǎƳǳΦ ¦ ǎŀǾŎǻΣ /ŜǊ 

ȊŀǎǘłǾŀƧƝ ŘǻƭŜȌƛǘƻǳ ǊŜƎǳƭŀőƴƝ ǵƭƻƘǳ Ǿ ōǳƶƪłŎƘ όƴŀǇǌΦ ƻǾƭƛǾƴŠƴƝ ōǳƴŠőƴŞƘƻ ǊǻǎǘǳΣ 

ƳŜǘŀōƻƭƛǎƳǳΣ ŘƛŦŜǊŜƴŎƛŀŎŜ ŀ ōǳƴŠőƴŞ ǎƳǊǘƛύΣ1-2 ŀƭŜ ǘŀƪŞ jsou nezbytnƻǳ ǎƻǳőłǎǘƝ 

ŜȄǘǊŀŎŜƭǳƭłǊƴƝho ǇǊƻǎǘƻǊǳ όƴŀǇǌΦ ƪƻȌƴƝ ōŀǊƛŞǊŀύΦ3 YƻȌƴƝ ōŀǊƛŞǊŀ ǎŜ ƴŀŎƘłȊƝ Ǿ ƴŜƧǎǾǊŎƘƴŠƧǑƝ 

ǾǊǎǘǾŠ ŜǇƛŘŜǊƳƛǎΣ ǾŜ stratum corneum ό{/ύΣ ƪǘŜǊŞ ǎŜ ǎƪƭłŘł Ȋ ƪƻǊƴŜƻŎȅǘǻΣ ƻōƪƭƻǇŜƴȇŎƘ 

ƭŀƳŜƭłǊƴƝ ƭƛǇƛŘƻǾƻǳ ƳŀǘǊƛȄ όǎƭƻȌŜƴƻǳ Ȋ ǇǌƛōƭƛȌƴŠ ŜƪǾƛƳƻƭłǊƴƝ ǎƳŠǎƛ /ŜǊΣ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ŀ 

cholesterolu s ƳŀƭȇƳ ƳƴƻȌǎǘǾƝƳ ŎƘƻƭŜǎǘŜǊȅƭ-ǎǳƭŦłǘǳύ.4 /ŜǊ ǎŜ ǎƪƭłŘŀƧƝ ȊŜ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ 

(sfingosinu, fytosfingosinu, dihydrosfingosinu, 6-hydroxysfingosiƴǳ ŀ ŘƻǎǳŘ ǎǘǊǳƪǘǳǊƴŠ 

ǇǌŜǎƴŠ ƴŜƻōƧŀǎƴŠƴŞ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ ǎŜ őǘȅǌƳƛ ƘȅŘǊƻȄȅƭƻǾȇƳƛ ǎƪǳǇƛƴŀƳƛύΣ ƧŜƧƝȌ 

ŀƳƛƴƻǎƪǳǇƛƴŀ ƧŜ ŀŎȅƭƻǾłƴŀ ƴŜǎǳōǎǘƛǘǳƻǾŀƴƻǳΣ ʰ-ƘȅŘǊƻȄȅƭƻǾŀƴƻǳ ƴŜōƻ ˖-hydroxylovanou 

(s volnou OH skupinou nebo esterifikovanou kyselinou linolovou) kyselinou. YƻƳōƛƴŀŎƝ 

ǘŠŎƘǘƻ ƳƻȌƴƻǎǘƝ ȊƝǎƪłƳŜ ǊǻȊƴŞ ǇƻŘǘǌƝŘȅ /ŜǊΦ 5ƻ ǘŞǘƻ ŎƘǾƝƭŜ ōȅƭƻ Ǿ ƭƛŘǎƪŞ ƪǻȌƛ ƛŘŜƴǘƛŦƛƪƻǾłƴƻ 

мр ǇƻŘǘǌƝŘ /ŜǊΣ5 ŎƻȌ Ǉǌƛ ȊŀǇƻőǘŜƴƝ ǊƻȊŘƝƭƴȇŎƘ ŘŞƭŜƪ ƭƛǇƻŦƛƭƴƝŎƘ ǌŜǘŠȊŎǻ ŘłǾł ǾȊƴƛƪƴƻǳǘ ǾƝŎŜ 

ƴŜȌ плл ǊǻȊƴȇƳ ƳƻƭŜƪǳƭłƳ /ŜǊΦ Organizace ƭƛǇƛŘǻ {/ ƧŜ ǾȅǎƻŎŜ ǎǇŜŎƛŀƭƛȊƻǾŀƴłΣ ŀōȅ ǳƳƻȌƴƛƭŀ 

ȊŀōǊłƴƛǘ ǇǌƝƭƛǑ ǾŜƭƪȇƳ ȊǘǊłǘłƳ ǾƻŘȅ Ȋ ƻǊƎŀƴƛǎƳǳΣ ǇǌƝǇŀŘƴŠ ȊŀōǊłƴƛǘ ǇǊǻƴƛƪǳ ƴŜȌłŘƻǳŎƝŎƘ 

ƭłǘŜƪ Ȋ ǇǊƻǎǘǌŜŘƝ Řƻ ƻǊƎŀƴƛǎƳǳΦ bŀ ǊƻȊŘƝƭ ƻŘ ƻǎǘŀǘƴƝŎƘ ōƛƻƭƻƎƛŎƪȇŎƘ ƳŜƳōǊłƴ ƻōǎŀƘǳƧŜ 

ƭƛǇƛŘƻǾł ƳŀǘǊƛȄ {/ ŘǾŠ ƻǇŀƪǳƧƝŎƝ ǎŜ ƭŀƳŜƭłǊƴƝ ŦłȊŜΥ ƪǊłǘƪƻǳ ǇŜǊƛƻŘƛŎƪƻǳ ŦłȊƛ ό{ttύ 

s ƳŜȊƛǊƻǾƛƴƴƻǳ ǾȊŘłƭŜƴƻǎǘƝ рΣо ς 6,4 nm6-10 ŀ ŘƭƻǳƘƻǳ ǇŜǊƛƻŘƛŎƪƻǳ ŦłȊƛ ό[ttύ ǎ mezirovinnou 

ǾȊŘłƭŜƴƻǎǘƝ ммΣф ς 13,1 nm.7, 9, 11-14 

bŜƧŘŜƭǑƝ /ŜǊ ƴŀƭŜȊŜƴŞ Ǿ ƭƛŘǎƪŞ ƪǻȌƛ Ƨǎƻǳ /ŜǊ ǾȊƴƛƪƭŞ ƪƻƳōƛƴŀŎƝ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ ŀ ǳƭǘǊŀ-

ŘƭƻǳƘŞƘƻ ό/ну-опύΣ ˖-hydroxylƻǾŀƴŞƘƻ ǌŜǘŠȊŎŜ ǎ ŜǎǘŜǊƻǾŠ ǾłȊŀƴƻǳ ƪȅǎŜƭƛƴƻǳ ƭƛƴƻƭƻǾƻǳ 

όƪȅǎŜƭƛƴŀ ƭƛƴƻƭƻǾł ƧŜ ǳ őƭƻǾŠƪŀ ŘƻƳƛƴŀƴǘƴƝ15ύΦ ¢ȅǘƻ /ŜǊ ǎŜ ǘŀƪŞ ƴŀȊȇǾŀƧƝ ŀŎȅƭŎŜǊŀƳƛŘȅ 

όŀŎȅƭ/ŜǊύ ƴŜōƻ /ŜǊ ǘǌƝŘȅ 9hΦ AcylCer Ƨǎƻǳ ǎƛŎŜ ƳƛƴƻǊƛǘƴƝ ǎƭƻȌƪƻǳ SC, na druhou stranu jsou 

ŀƭŜ ƴŀǇǊƻǎǘƻ ƴŜȊōȅǘƴŞ ǇǊƻ ǇǌŜȌƛǘƝ ǎŀǾŎǻ ƴŀ ǎƻǳǑƛΦ4 ±ȇǊŀȊƴŞ ŘŜŦŜƪǘȅ Ǿ ōƛƻǎȅƴǘŞȊŜ acylCer, 

ǇǌƝǇŀŘƴŠ Ǿ jejich transportu vedou k ƴƻǾƻǊƻȊŜƴŜŎƪŞ ǎƳǊǘƛ ŘƝƪȅ ƻōǊƻǾǎƪȇƳ ȊǘǊłǘłƳ ǾƻŘȅ 

ǇǌŜǎ ƪǻȌƛΦ16-17 aŜƴǑƝ odchylky v ƧŜƧƛŎƘ ƳƴƻȌǎǘǾƝ ōȅƭȅ ǇƻǇǎłƴȅ ǳ ƴŠƪǘŜǊȇŎƘ ȊłǾŀȌƴȇŎƘ ƪƻȌƴƝŎƘ 

ƻƴŜƳƻŎƴŠƴƝΣ Ƨŀƪƻ ƧŜ ŀǘƻǇƛŎƪł ŘŜǊƳŀǘƛǘƛŘŀΣ18 ǇǎƻǊƛłȊŀ19 ƴŜōƻ ƭŀƳŜƭłǊƴƝ ƛŎƘǘȅƽȊŀΦ20 

.ƛƻǎȅƴǘŞȊŀ ŀŎȅƭ/ŜǊ ǎŜ ƻŘƭƛǑǳƧŜ ƻŘ ƻǎǘŀǘƴƝŎƘ /ŜǊΦ {ȅƴǘŞȊŀ ƧŜƧƛŎƘ ǳƭǘǊŀ-ŘƭƻǳƘȇŎƘ ǌŜǘŠȊŎǻ 

ǾȅȌŀŘǳƧŜ ǎǇŜŎƛłƭƴƝ ŜƴȊȅƳƻǾȇ ƪƻƳǇƭŜȄ ȊŜ ǎƪǳǇƛƴȅ ŜƭƻƴƎłȊΣ ŜƭƻƴƎłȊǳ 9[h±[пΣ ƪǘŜǊł Ǉƻ 

ŘǾƻǳǳƘƭƝƪŀǘȇŎƘ ƧŜŘƴƻǘƪłŎƘ ǇǊƻŘƭǳȌǳƧŜ ǌŜǘŠȊŜŎ ŀȌ ƴŀ ǇƻǘǌŜōƴƻǳ ŘŞƭƪǳΣ21 ŘłƭŜ ǾȅȌŀŘǳƧƝ 

ŜƴȊȅƳ ǇǊƻ ˖-hydroxylaci, cytochrom P450 CYP4F22 ƘȅŘǊƻȄȅƭłȊǳΤ22 -̟ŀŎȅƭ ǘǊŀƴǎŦŜǊłȊǳ 

ȊƻŘǇƻǾŠŘƴƻǳ Ȋŀ ˖-esterifikaci23 ŀ ƴŀ ƪƻƴŜŎ ǎǇŜŎƛłƭƴƝ /ŜǊ ǎȅƴǘłȊǳ /9w{оΣ16 ȊƻŘǇƻǾŠŘƴƻǳ Ȋŀ 

ƴŀǾłȊłƴƝ ŀŎȅƭǳ ƪŜ ǎŦƛƴƎƻƛŘƴƝ ōłȊƛΦ 
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IƭǳōǑƝƳǳ ǇƻǊƻȊǳƳŠƴƝ Ǌƻƭƛ ǘŠŎƘǘƻ ƴŜƻōǾȅƪƭŜ ŘƭƻǳƘȇŎƘ /ŜǊ Ǿ ƭƛŘǎƪŞ όǇŀǘƻύŦȅȊƛƻƭƻƎƛƛ ōǊłƴƝ 

ƧŜƧƛŎƘ ǾŜƭƳƛ ƻƳŜȊŜƴł ŘƻǎǘǳǇƴƻǎǘΦ ¢ȅǘƻ ƭłǘƪȅ ƴŜƧǎƻǳ ƪƻƳŜǊőƴŠ ŘƻǎǘǳǇƴŞ ŀ ƧŜƧƛŎƘ ƛȊƻƭŀŎŜ 

z ƪǻȌŜ ƧŜ ƻōǘƝȌƴłΦ tǌŜǎǘƻȌŜ ƧŜƧƛŎƘ ǎȅƴǘŞȊŀ ƧƛȌ ōȅƭŀ ǇǳōƭƛƪƻǾłƴŀΣ24-26 ǘƻǘłƭƴƝ ǎȅƴǘŞȊŀ ǘŠŎƘǘƻ 

ƭłǘŜƪ ǎǘłƭŜ ȊǻǎǘłǾł ǾŜƭƪƻǳ ǾȇȊǾƻǳΣ ŘƝƪȅ ƧŜƧƛŎƘ ǾŜƭƳƛ ƻƳŜȊŜƴŞ ǊƻȊǇǳǎǘƴƻǎǘƛ ŀ ƴƝȊƪŞ ǊŜŀƪǘƛǾƛǘŠΦ 

tǌŜǎǘƻȌŜ ǊƻƭŜ ŀŎȅƭ/ŜǊ Ǿ ƪƻȌƴƝ ōŀǊƛŞǌŜ ōȅƭŀ ƧƛȌ Ǿ Ƴƛƴǳƭƻǎǘƛ ȊƪƻǳƳłƴŀΣ7, 9, 11-12, 18-20, 27-29 

ǇǌƝǎǇŠǾŜƪ ƧŜŘƴƻǘƭƛǾȇŎƘ ǇƻŘǘǌƝŘ ŀŎȅƭ/ŜǊ ƴŀ ǘǾƻǊōŠ [tt ŀ ǇǌƝƳł ǎǇƻƧƛǘƻǎǘ ƳŜȊƛ [tt ŀ ƪƻȌƴƝ 

ǇŜǊƳŜŀōƛƭƛǘƻǳ όǇŜǊƳŜŀōƛƭƛǘƻǳ ƳŜƳōǊłƴύ ǎǘłƭŜ ƴŜōȅƭȅ ȊŎŜƭŀ ǇƻŎƘƻǇŜƴȅΦ  

/ŜǊ ǎŜ ǎǇƻƭŜőƴŠ ǎŜ ǎǾȇƳƛ ŘŜǊƛǾłǘȅ όǎŦƛƴƎƻǎƛƴ-1-ŦƻǎŦłǘΣ ŎŜǊŀƳƛŘ-1-ŦƻǎŦłǘȅΣ ƎŀƴƎƭƛƻǎƛŘȅύ 

ǇƻŘƝƭŜƧƝ Ǿ ōǳƶƪłŎƘ ƴŀ ōǳƴŠőƴŞ ǎƛƎƴŀƭƛȊŀŎƛ ŀ ƳƻŘǳƭŀŎƛ ōǳƴŠőƴȇŎƘ ŦǳƴƪŎƝΦ2, 30 ½łǊƻǾŜƶ /ŜǊ ŀ 

ƧŜƧƛŎƘ ŘŜǊƛǾłǘȅ ƳƻƘƻǳ ōȇǘ ǾȅǳȌƛǘȅ ƛ ǘŜǊŀǇŜǳǘƛŎƪȅΦ aƻŘǳƭŀŎƝ ƧŜƧƛŎƘ ƘƭŀŘƛƴ Ǿ organismu lze 

ŘƻǎłƘƴƻǳǘ ǇƻȊƛǘƛǾƴƝŎƘ ǾȇǎƭŜŘƪǻ Ǿ ƭŞőōŠ ƴŜōƻ ǇǊŜǾŜƴŎƛ ǊŀƪƻǾƛƴȅΣ ƪŀǊŘƛƻǾŀǎƪǳƭłǊƴƝŎƘ 

ƻƴŜƳƻŎƴŠƴƝΣ ƛƳǳƴƛǘƴƝŎƘ ǇƻǊǳŎƘ ƴŜōƻ ŜƪȊŞƳǳΦ30-32 {ǘǳŘƛǳƳ ǘŠŎƘǘƻ ŘŜǊƛǾłǘǻ ƧŜ ƻƳŜȊŜƴƻ 

ƧŜƧƛŎƘ ƪƻƳŜǊőƴƝ ƴŜŘƻǎǘǳǇƴƻǎǘƝΣ ǇǌƝǇŀŘƴŠ ƻƳŜȊŜƴƻǳ ŘƻǎǘǳǇƴƻǎǘƝ. 

V ǎƻǳőŀǎƴŞ ŘƻōŠ ƴŜƧǎƻǳ ƪ ŘƛǎǇƻȊƛŎƛ ǾǑŜŎƘƴȅ ǎǘŀƴŘŀǊŘȅ /ŜǊ ǇƻŘǘǌƝŘ ǇǊƻ ƪǾŀƴǘƛǘŀǘƛǾƴƝ 

ǎǘŀƴƻǾŜƴƝ /ŜǊ Ǿ ƭƛŘǎƪŞ ƪǻȌƛ όǾőŜǘƴŠ ŀŎȅƭ/ŜǊύΣ ǇǊƻǘƻ ǎŜ őŀǎǘƻ ǇǊƻ ƪǾŀƴǘƛŦƛƪŀŎƛ ǳǊőƛǘŞƘƻ /ŜǊ 

ǾȅǳȌƝǾł Ƨƛƴł ǇƻŘǘǌƝŘŀ /ŜǊΦ ¢ŀǘƻ ǎǳōǎǘƛǘǳŎŜ ǾǑŀƪ ƳǻȌŜ ǾŞǎǘ ƪŜ ǾȊƴƛƪǳ chyby v kvantifikaci. 

tǊƻǘƻ ƧŜ ƴŜȊōȅǘƴŞ ǇǌƛǇǊŀǾƛǘ ǾǑŜŎƘƴȅ ǇƻŘǘǌƝŘȅ /ŜǊ ǇǊƻ ǵőŜƭȅ ȊǇǌŜǎƴŠƴƝ ŀƴŀƭȇȊȅ ƭƛǇƛŘǻ ƭƛŘǎƪŞ 

ƪǻȌŜΦ 

!ƴŀƭȇȊŀ ƪƻȌƴƝŎƘ ƭƛǇƛŘǻ ǳƳƻȌƶǳƧŜ ǎǘǳŘƻǾŀǘ ǾȊǘŀƘȅ ƳŜȊƛ ŘŀƭǑƝƳƛ ǎƭƻȌƪŀƳƛ ƪƻȌƴƝ ōŀǊƛŞǊȅ ŀ 

ƭƛǇƛŘȅΣ őƛ ǎƭŜŘƻǾŀǘ ǾƭƛǾ ǇƻǘŜƴŎƛłƭƴƝŎƘ ƭŞőƛǾ ƴŀ ƭƛǇƛŘƻǾƻǳ ƪƻȌƴƝ ōŀǊƛŞǊǳΦ V ŘƴŜǑƴƝ ŘƻōŠ Ƨǎƻǳ 

ǘŜǊŀǇŜǳǘƛŎƪŞ ƳƻȌƴƻǎǘƛ ǇǊƻ ƭŞőōǳ ƪƻȌƴƝŎƘ ƻƴŜƳƻŎƴŠƴƝ ǎǇƻƧŜƴȇŎƘ ǎ ŦƛƭŀƎƎǊƛƴŜƳ ƻƳŜȊŜƴŞ ŀ 

ǇǌŜǾłȌƴŠ ȊŀƳŠǌŜƴŞ ƴŀ ƭŞőōǳ ǎȅƳǇǘƻƳǻΣ ƴŀǇǌƝƪƭŀŘ ǇǊƻǘƛȊłƴŠǘƭƛǾȇƳƛ ƴŜōƻ 

ƛƳǳƴƻǎǳǇǊŜǎƛǾƴƝƳƛ ƭŞƪȅΦ !ƎƻƴƛǎǘŞ ǊŜŎŜǇǘƻǊǳ ŀƪǘƛǾƻǾŀƴŞƘƻ ǇŜǊƻȄƛȊƻƳƻǾȇƳƛ ǇǊƻƭƛŦŜǊłǘƻǊȅ 

όtt!wύ ȊǾȅǑǳƧƝ ŜȄǇǊŜǎƛ ŦƛƭŀƎƎǊƛƴǳ όǳƪŀȊŀǘŜƭ ǇƻȊŘƴƝ ŘƛŦŜǊŜƴŎƛŀŎŜ ƭƛŘǎƪŞ ƪǻȌŜΣ ƘǊŀƧƝŎƝ ƪƭƝőƻǾƻǳ 

Ǌƻƭƛ ǾŜ ŦǳƴƪŎƛ ƪƻȌƴƝ ōŀǊƛŞǊȅύ ŀ ŘŀƭǑƝŎƘ ǎǘǊǳƪǘǳǊƴƝŎƘ ǇǊƻǘŜƛƴǻ Ǿ ƪǻȌƛΦ33-34 bŀǾƝŎ tt!w ŀƎƻƴƛǎǘŞ 

ƳŀƧƝ ǇǊƻǘƛȊłƴŠǘƭƛǾŞ ŀ ǇǊƻǎǇŠǑƴŞ ǇǻǎƻōŜƴƝ ƴŀ ƪƻȌƴƝ ƘƻƳŜƻǎǘłȊǳ ŀ ƛƴǘŜƎǊƛǘǳ {/Σ34-38 ŎƻȌ Ȋ nich 

ŘŠƭł ǇƻǘŜƴŎƛłƭƴƝ ƪŀƴŘƛŘłǘȅ ǇǊƻ ƭŞőōǳ ƳƛƳƻ ƧƛƴŞ ƪƻȌƴƝŎƘ ƻƴŜƳƻŎƴŠƴƝΣ ǎǇƻƧŜƴȇŎƘ 

s nedostatkem filaggrinu. {ǇŜŎƛŦƛŎƪŞ ŜŦŜƪǘȅ tt!w ŀƎƻƴƛǎǘǻ ƴŀ ƪƻȌƴƝ ōŀǊƛŞǊǳ Ƨǎƻǳ ǎǘłƭŜ 

ƴŜŘƻǎǘŀǘŜőƴŠ ǇǊƻȊƪƻǳƳłƴȅΦ 
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2. /Ɲƭ ǇǊłŎŜ 

IƭŀǾƴƝƳ ŎƝƭŜƳ ǘŞǘƻ ǇǊłŎŜ ōȅƭŀ ǎȅƴǘŞȊŀ ŀ ǎǘǳŘƛǳƳ CŜǊ ǎŜ ȊŀƳŠǌŜƴƝƳ ƴŀ Cer s ultra-ŘƭƻǳƘȇƳ 

ǌŜǘŠȊŎŜƳ όŀŎȅƭCŜǊύ ŀ ǇƻǇƛǎ ƧŜƧƛŎƘ ŎƘƻǾłƴƝ Ǿ ƳƻŘŜƭƻǾȇŎƘ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴłŎƘ ǇƻƳƻŎƝ 

ǇŜǊƳŜŀōƛƭƛǘƴƝŎƘ ǎǘǳŘƛƝ ŀ ōƛƻŦȅȊƛƪłƭƴƝŎƘ ƳŜǘƻŘΦ PǌƛǇǊŀǾŜƴŞ Cer ōȅƭȅ ŘłƭŜ ǾȅǳȌƛǘȅ ǇǊƻ ȊƭŜǇǑŜƴƝ 

ƪǾŀƭƛǘŀǘƛǾƴƝ ƛ ƪǾŀƴǘƛǘŀǘƛǾƴƝ ŀƴŀƭȇȊȅ ƭƛǇƛŘǻ Ǿ ōƛƻƭƻƎƛŎƪŞƳ ƳŀǘŜǊƛłƭǳΦ ½ƝǎƪŀƴŞ Ȋƴŀƭƻǎǘƛ ƳƻƘƻǳ 

poƻŘƘŀƭƛǘ Ǌƻƭƛ ǘŠŎƘǘƻ CŜǊ ǾŜ ȊŘǊŀǾŞ ŀ ƴŜƳƻŎƴŞ ƪǻȌƛ ŀ ƳƻƘƻǳ ǇƻƳƻŎƛ ƭŞǇŜ ƴŀǾǊƘƻǾŀǘ ǘŜǊŀǇƛƛ 

ƴŠƪǘŜǊȇŎƘ ƪƻȌƴƝŎƘ ƻƴŜƳƻŎƴŠƴƝΣ ƴŀǇǌƝƪƭŀŘ ŀǘƻǇƛŎƪŞ ŘŜǊƳŀǘƛǘƛŘȅΣ ǇǎƻǊƛłȊȅ őƛ ƭŀƳŜƭłǊƴƝ 

ƛŎƘǘȅƽȊȅΦ CƝƭŜƳ ǘŞǘƻ ǇǊłŎŜ byla i ǇǌƝprava ƴŠƪǘŜǊȇŎƘ ŘŜǊƛǾłǘǻ Cer (Cer-1-ŦƻǎŦłǘǻ ŀ 

gaƴƎƭƛƻǎƛŘǻύ pro ŘŀƭǑƝ ǎǘǳŘƛǳƳ ǊƻƭŜ ǘŠŎƘǘƻ ǎŦƛƴƎƻƭƛǇƛŘǻ Ǿ ƭƛŘǎƪŞƳ ƻǊƎŀƴƛǎƳǳΦ 

±ƭŀǎǘƴƝ ǇǊłŎŜ ƧŜ ǊƻȊŘŠƭŜƴŀ Řƻ ƴŠƪƻƭƛƪŀ ƻŘŘƝƭǻ ǎ ŘƝƭőƝƳƛ ŎƝƭƛ ǇǊłŎŜΦ tǊǾƴƝƳ ŎƝƭŜƳ ǘŞǘƻ ǇǊłŎŜ 

byla de novo ǎȅƴǘŞȊŀ ǾǑŜŎƘ őǘȅǌ ƭƛŘǎƪȇŎƘ ŀŎȅƭCŜǊ όƧƳŜƴƻǾƛǘŠ Cer EOS, EOP, EOdS a EOH) a 

pǌŜǎƴŞ ǳǊőŜƴƝ ƧŜƧƛŎƘ ǎǘǊǳƪǘǳǊȅ ǇƻƳƻŎƝ ǇƻƪǊƻőƛƭȇŎƘ baw ŜȄǇŜǊƛƳŜƴǘǻΦ tǌƛǇǊŀǾŜƴŞ ŀŎȅƭ/ŜǊ 

ōȅƭȅ ŘłƭŜ ǾȅǳȌƛǘȅ ǇǊƻ potvrȊŜƴƝ jejich ǇǌƝǘƻƳƴƻǎǘi v ƪƻȌƴƝ ōŀǊƛŞǌŜ ǇƻƳƻŎƝ ǾȅǎƻƪƻǵőƛƴƴŞ 

ǘŜƴƪƻǾǊǎǘǾŞ ŎƘǊƻƳŀǘƻƎǊŀŦƛŜ ŀ pro porovnłƴƝ tŞǘƻ metody s ǾȇǎƭŜŘƪȅ Ǿ ƭƛǘŜǊŀǘǳǌŜΦ 5ŀƭǑƝƳ 

ŎƝƭŜƳ ǇǊłŎŜ ōȅƭƻ ǇƻǳȌƝǘ ǇǌƛǇǊŀǾŜƴŞ ŀŎȅƭ/ŜǊ ǇǊƻ ǇǌƝǇǊŀǾǳ ƳƻŘŜƭƻǾȇŎƘ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴ 

s ŎƝƭŜƳ ǎǘǳŘƻǾŀǘ ǾȊǘŀƘȅ ƳŜȊƛ ƪƻƴŎŜƴǘǊŀŎƝ ŀŎȅƭ/ŜǊΣ ǎǘǊǳƪǘǳǊƻǳ ƧŜƧƛŎƘ ǇƻƭłǊƴƝ ƘƭŀǾȅΣ tvorbou 

ƭŀƳŜƭłǊƴƝŎƘ ŦłȊƝ ŀ ǇŜǊƳŜŀōƛƭƛǘƻǳ ƳƻŘŜƭƻǾȇŎƘ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴ ƴŀ ŘǾƻǳ ǵǊƻǾƴƝŎƘ 

ǎƭƻȌƛǘƻǎǘƛΦ Tyto acylCer ōȅƭȅ ǊƻǾƴŠȌ ǾȅǳȌity Ǉǌƛ ƪǾŀƴǘƛŦƛƪŀŎƛ ƭƛǇƛŘǻ Ǿ ƳƻŘŜƭŜŎƘ ƴƻǊƳłƭƴƝ ŀ 

ŦƛƭŀƎƎǊƛƴ ŘŜŦƛŎƛǘƴƝ ƪǻȌŜΣ ƪŘŜ ōȅƭ zkoumłƴ vliv PPAR ŀƎƻƴƛǎǘǻ ό²¸мпспоΣ ŎƛƎƭƛǘŀȊƻƴǳ ŀ 

ŘƻƪƻǎŀƘŜȄŀŜƴƻǾŞ ƪȅǎŜƭƛƴȅύ ƴŀ ƘƻƳŜƻǎǘłȊǳ ŀ ōŀǊƛŞǊƻǾƻǳ ŦǳƴƪŎƛ ǘŠŎƘǘƻ ƳƻŘŜƭǻΦ tƻǎƭŜŘƴƝƳ 

ŎƝƭŜƳ ǘŞǘƻ ǇǊłŎŜ ōȅƭŀ ǎȅƴǘŞȊŀ dvou Cer-1-ŦƻǎŦłǘǻ ǎ ŎƝƭŜƳ ǇǊƻȊƪƻǳƳŀǘ ƧŜƧƛŎƘ ǵƭƻƘǳ Ǿ ōǳƴŠőƴŞ 

signalizaci Ǉǌƛ ǘǾƻǊōŠ ƪƻȌƴƝ ōŀǊƛŞǊȅ a ƧŜƧƛŎƘ ŎƘƻǾłƴƝ Ǿ ƭƛǇƛŘƻǾȇŎƘ ƳŜƳōǊłƴłŎƘ ŀ ǎȅƴǘŞȊŀ 

ƳƻŘƛŦƛƪƻǾŀƴŞƘƻ ƎŀƴƎƭƛƻǎƛŘǳ ǇǊƻ ƪǾŀƴǘƛǘŀǘƛǾƴƝ ǎǘŀƴƻǾŜƴƝ ƎŀƴƎƭƛƻǎƛŘǻ Ǿ ōƛƻƭƻƎƛŎƪȇŎƘ ǾȊƻǊŎƝŎƘΦ 

9ȄǇŜǊƛƳŜƴǘłƭƴƝ őłǎǘ ŀ ǾȇǎƭŜŘƪȅ ǇƻǇƛǎǳƧƝ ƧŜƴ ǘȅ ǇƻƪǳǎȅΣ ƪǘŜǊŞ ƧǎŜƳ ƻǎƻōƴŠ ǇǊƻǾłŘŠƭΣ Ǿ diskusi 

Ƨǎƻǳ Ǉŀƪ ǾȇǎƭŜŘƪȅ ȊŀǎŀȊŜƴȅ Řƻ ƪƻƴǘŜȄǘǳ ǇǳōƭƛƪƻǾŀƴȇŎƘ ǇǊŀŎƝΦ 
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3. ¢ŜƻǊŜǘƛŎƪł őłǎǘ 

3.1. YǻȌŜ 

YǻȌŜ ƧŜ ǇƭƻǑƴȇ ƻǊƎłƴΣ ƪǘŜǊȇ ǘǾƻǌƝ ȊŜǾƴƝ ǇƻǾǊŎƘ ƻǊƎŀƴƛǎƳǳΦ aŜȊƛ ƴŜƧŘǻƭŜȌƛǘŠƧǑƝ ŦǳƴƪŎŜ ƪǻȌŜ 

ǇŀǘǌƝ ōŀǊƛŞǊƻǾł ŦǳƴƪŎŜΤ ƪǻȌŜ ŎƘǊłƴƝ ƻǊƎŀƴƛǎƳǳǎ ǇǌŜŘ ǇǊǻƴƛƪŜƳ ǘƻȄƛŎƪȇŎƘ ƭłǘŜƪ ŀƭŜǊƎŜƴǻ 

ƴŜōƻ ōŀƪǘŜǊƛƝ Řƻ ǘŠƭŀ ŀ ȊłǊƻǾŜƶ ŎƘǊłƴƝ ǇǌŜŘ ƴŀŘƳŠǊƴȇƳƛ ȊǘǊłǘŀƳƛ ǾƻŘȅ Ȋ ǘŠƭŀΣ ŎƻȌ ǎŀǾŎǻƳ 

ǳƳƻȌƶǳƧŜ ǇǌŜȌƛǘƝ ƴŀ ǎǳŎƘŞ ȊŜƳƛΦ aŜȊƛ ŘŀƭǑƝ ŦǳƴƪŎŜ ƪǻȌŜ ǇŀǘǌƝ ǘŜǊƳƻǊŜƎǳƭŀŎŜΣ ƭłǘƪƻǾł 

ǾȇƳŠƴŀΣ ƛƳǳƴƛǘƴƝ ƻŘǇƻǾŠř ƴŜōƻ ǘǾƻǊōŀ ǾƛǘŀƳƝƴǳ 5Φ3-5, 39-41 

tƭƻŎƘŀ ƪǻȌŜ ŘƻǎǇŠƭŞƘƻ őƭƻǾŠƪŀ ǎŜ ōƭƝȌƝ н Ƴ2 ŀ ƧŜƧƝ ǘƭƻǳǑǙƪŀ ǎŜ ǇƻƘȅōǳƧŜ Ǿ ǊƻȊƳŜȊƝ лΣр ŀȌ п 

ƳƳΦ bŜƧǘŜƴőƝ ƧŜ ƪǻȌŜ ƴŀ ƻőƴƝŎƘ ǾƝőƪłŎƘ ŀ ƴŀ ǇŜƴƛǎǳΣ ƴŀƻǇŀƪ ƴŜƧǘƭǳǎǘǑƝ ƧŜ ƴŀ ȊłŘŜŎƘΣ ƪŘŜ 

ǘƭƻǳǑǙƪŀ ŘƻǎŀƘǳƧŜ ŀȌ п ƳƳΦ IƳƻǘƴƻǎǘ ǎŀƳƻǘƴŞ ƪǻȌŜ ŘƻǎŀƘǳƧŜ о ƪƎΣ ǇƻƪǳŘ ŀƭŜ ȊŀǇƻőƝǘłƳŜ ƛ 

ǇƻŘƪƻȌƴƝ ǘǳƪƻǾƻǳ ǘƪłƶΣ ƘƳƻǘƴƻǎǘ ƳǻȌŜ ƴŀǊǻǎǘ ŀȌ ƴŀ нл ƪƎΦ41 

YǻȌŜ ǎŜ ǊƻȊŘŠƭǳƧŜ ƴŀ н ȊłƪƭŀŘƴƝ őłǎǘƛΥ ŜǇƛŘŜǊƳƛǎ ŀ ŘŜǊƳƛǎΤ ŀ ǇƻƳƻŎƝ ǇƻŘƪƻȌƴƝƘƻ ǾŀȊƛǾŀ je 

ǾłȊłƴŀ ƴŀ ƪƻǎǘŜǊƴƝ ƴŜōƻ ǎǾŀƭƻǾƻǳ ǘƪłƶΦ {ǘǊǳƪǘǳǊŀ ƪǻȌŜ ŀ ŜǇƛŘŜǊƳƛǎ ƧŜ ȊƴłȊƻǊƴŠƴŀ ƴŀ 

hōǊłȊƪǳ мΦ 

3.1.1. Epidermis 

9ǇƛŘŜǊƳƛǎ ƧŜ ǾƴŠƧǑƝ ǾǊǎǘǾŀ ƪǻȌŜΣ ƪǘŜǊł ƧŜ ǘǾƻǌŜƴŀ ǾǊǎǘŜǾƴŀǘȇƳ ŘƭŀȌŘƛŎƻǾȇƳ ŜǇƛǘŜƭŜƳΦ ¢ǾƻǌƝ Ƨƛ 

ǇǌŜǾłȌƴŠ ƪŜǊŀǘƛƴƻŎȅǘȅ v ǊǻȊƴŞƳ ǎǘłŘƛǳ ǾȇǾƻƧŜΣ ŀƭŜ ƳǻȌŜƳŜ ȊŘŜ ƴŀƭŞȊǘ ƛ ƧƛƴŞ ōǳƶƪȅΣ ƴŀǇǌƝƪƭŀŘ 

[ŀƴƎŜǊƘŀƴǎƻǾȅ ōǳƶƪȅΣ aŜǊƪŜƭƻǾȅ ōǳƶƪȅ ƴŜōƻ ƳŜƭŀƴƻŎȅǘȅΦ ± ŜǇƛŘŜǊƳƛǎ ƳǻȌŜƳŜ ǊƻȊƭƛǑƛǘ 

ƴŠƪƻƭƛƪ ǾǊǎǘŜǾΥ 

1. Stratum basale ς ƧŜ ƧŜŘƛƴł ǾǊǎǘǾŀ ōǳƴŠƪ Ǉǌƛ ōŀȊłƭƴƝ ƳŜƳōǊłƴŠΣ ƪŘŜ ŘƻŎƘłȊƝ 

k ōǳƴŠőƴŞƳǳ ŘŠƭŜƴƝ ŀ ǘǾƻǊōŠ ƴƻǾȇŎƘ ōǳƴŠƪΦ 

2. Stratum spinosum ς ǘǾƻǌƝ Ƙƻ н ς р ǾǊǎǘŜǾ ōǳƴŠƪΣ ƪǘŜǊŞ ǎŜ ǇƻǎǘǳǇƴŠ ƻǇƭƻǑǙǳƧƝ Řƻ ǘǾŀǊǳΣ 

ƪǘŜǊȇ ƧŜ ǇƻȊƻǊƻǾŀǘŜƭƴȇ ǾŜ ǾȅǑǑƝŎƘ ǾǊǎǘǾłŎƘ ƪǻȌŜΦ ½ŘŜ ǳȌ ƴŜǇǊƻōƝƘł ƳƛǘƽȊŀΦ 

3. Stratum granulosum ς je vrstva 1 ς о ǌŀŘ ōǳƴŠƪΣ ƪŘŜ ǎŜ ȊŀőƝƴł ǾȅǘǾłǌet keratohyalin 

όǇǊŜƪǳǊȊƻǊ ƪŜǊŀǘƛƴǳύΦ .ǳƶƪȅ Ȋ ǘŞǘƻ ǾǊǎǘǾȅ ǇƻǎǘǳǇǳƧƝ ƪ ǇƻǾǊŎƘǳ ŀ ǇƻǎǘǳǇƴŠ ǎŜ 

ŘƛŦŜǊŜƴŎǳƧƝ ŀ ƻŘǳƳƝǊŀƧƝΦ 

4. Stratum lucidum ς ƴłǎƭŜŘǳƧŜ Ȋŀ stratum corneum ŀ ƧŜ ǘƻ ǘŜƴƪł ǾǊǎǘǾŀΣ ǇƻȊƻǊƻǾŀǘŜƭƴł 

ǇǌŜǾłȌƴŠ Ǿ ǘƭǳǎǘǑƝ ŜǇƛŘŜǊƳƛǎΦ hōǎŀƘǳƧŜ ƴŀǾƝŎ ŜƭŜƛŘƛƴΣ ŎƻȌ ƧŜ ŘŀƭǑƝ Ȋ ǇǊŜƪǳǊȊƻǊǻ 

keratinu. 
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5. Stratum corneum ς ƴŜƧǎǾǊŎƘƴŠƧǑƝ ǾǊǎǘǾŀ ŜǇƛŘŜǊƳƛǎΣ ǾŜ ƪǘŜǊŞ Ƨǎƻǳ ƪŜǊŀǘƛƴƻŎȅǘȅ 

ƻŘǳƳǌŜƭŞ ŀ ǇƭƴŠ ȊǊƻƘƻǾŀǘŠƭŞ όƴŀȊȇǾŀƧƝ ǎŜ ǘŀƪŞ ƪƻǊƴŜƻŎȅǘȅύ ŀ ǇƻǎǘǳǇƴŠ ǎŜ Ȋ povrchu 

ƻŘƭǳǇǳƧƝ όstratum disjunctum) 

 

hōǊłȊŜƪ мΦ {ŎƘŞƳŀ ƭƛŘǎƪŞ ƪǻȌŜΣ ǾŜ ǾȇǌŜȊǳ Ƨǎƻǳ ƧŜŘƴƻǘƭƛǾŞ ǾǊǎǘǾȅ ŜǇƛŘŜǊƳƛǎ (Blausen.com staff. "Blausen gallery 

2014". Wikiversity Journal of Medicine 1 (2). doi: 10.15347/wjm/2014.010, ISSN 20018762) 

3.2. Stratum corneum (SC) 

SC ƧŜ ȊƻŘǇƻǾŠŘƴŞ Ȋŀ ōŀǊƛŞǊƻǾƻǳ ŦǳƴƪŎƛ ƪǻȌŜΦ {ƪƭłŘł ǎŜ ȊŜ ȊǇƭƻǑǘŠƭȇŎƘ ƪƻǊƴŜƻŎȅǘǻ όǾ мр ς 25 

ǌŀŘłŎƘύΣ ƪǘŜǊŞ Ƨǎƻǳ ƻōƪƭƻǇŜƴȅ ƭƛǇƛŘƻǾƻǳ ƳŀǘǊƛȄΣ ŎƻȌ ƧŜ őłǎǘΣ ƪǘŜǊł ƧŜ ǾƭŀǎǘƴƝƳ ƴƻǎƛǘŜƭŜƳ 

ōŀǊƛŞǊƻǾŞ ŦǳƴƪŎŜΦ4 [ƛǇƛŘƻǾł ƳŀǘǊƛȄ ǎŜ ǎƪƭłŘł Ȋ ǇǌƛōƭƛȌƴŠ ŜƪǾƛƳƻƭłǊƴƝ ǎƳŠǎƛ CŜǊΣ ǾƻƭƴȇŎƘ 

ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ŀ ŎƘƻƭŜǎǘŜǊƻƭǳ ǎ ƳƛƴƻǊƛǘƴƝƳ ǇǌƝŘŀǾƪŜƳ ŘŀƭǑƝŎƘ ƭłǘŜƪ όƴŀǇǌƝƪƭŀŘ 

cholesteryl-ǎǳƭŦłǘύΦ tǌƛ ǇǌŜǇƻőǘŜƴƝ ƴŀ ƘƳƻǘƴƻǎǘ ǘǾƻǌƝ /ŜǊ ŀǎƛ рл ҈ ƘƳƻǘƴƻǎǘƛ ƭƛǇƛŘƻǾŞ ƳŀǘǊƛȄΦ 
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3.2.1. ±ƻƭƴŞ ƳŀǎǘƴŞ ƪȅǎŜƭƛƴȅΣ ŎƘƻƭŜǎǘŜǊƻƭ ŀ ƧŜƘƻ ŘŜǊƛǾłǘȅ 

±ƻƭƴŞ ƳŀǎǘƴŞ ƪȅǎŜƭƛƴȅ jsou ǾŜ {/ ǘŞƳŠǌ ǾȇƘǊŀŘƴŠ ƴŀǎȅŎŜƴŞΦ 5Şƭƪŀ ǌŜǘŠȊŎǻ ƴŀǎȅŎŜƴȇŎƘ 

ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ǎŜ ǇƻƘȅōǳƧŜ Ǿ ǊƻȊƳŜȊƝ мп ς 34C ŀ ǌŜǘŠȊŎŜ ƳƻƘƻǳ ƳƝǘ Ƨŀƪ ǎǳŘȇΣ ǘŀƪ ƛ ƭƛŎƘȇ 

ǇƻőŜǘ ŀǘƻƳǻΦ bŜƴŀǎȅŎŜƴŞ ƪȅǎŜƭƛƴȅ ƳŀƧƝ ǇƻǳȊŜ ǎǳŘȇ ǇƻőŜǘ ŀǘƻƳǻ ǳƘƭƝƪǳΣ ǾŠǘǑƛƴƻǳ ƧŜŘƴǳ 

ƴŜōƻ ŘǾŠ ŘǾƻƧƴŞ ǾŀȊōȅ ŀ ŘŞƭƪǳ ǌŜǘŠȊŎǻ ƳŜȊƛ мс ς 18C a 30 ς ос/Φ bŜƧőŀǎǘŠƧƛ ǎŜ Ǿyskytuje 

ƪȅǎŜƭƛƴŀ ƭƛƎƴƻŎŜǊƻǾł ό24Cύ ŀ ƪȅǎŜƭƛƴŀ ŎŜǊƻǘƻǾł όнсCύΣ ƪǘŜǊŞ ŘƻƘǊƻƳŀŘȅ ǘǾƻǌƝ ǾƝŎŜ ƴŜȌ рл % 

hmotnosti ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴΦ ±Ŝ {/ Ƨǎƻǳ ǇǊŜŦŜǊƻǾłƴȅ ƪȅǎŜƭƛƴȅ ǎŜ ǎǳŘȇƳ ǇƻőǘŜƳ ŀǘƻƳǻ 

ǳƘƭƝƪǳ, kterŞ ǇǌŜŘǎǘŀǾǳƧƝ ǾƝŎŜ ƴŜȌ ул % hmotnosti ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ. Byly zde nalezeny i 

ƘȅŘǊƻȄȅƭƻǾŀƴŞ ƳŀǎǘƴŞ ƪȅǎŜƭƛƴȅΣ ŀǾǑŀƪ ǇƻǳȊŜ Ǿ ƳƛƴƻǊƛǘƴƝƳ ƳƴƻȌǎǘǾƝΦ42-43 

CholeǎǘŜǊƻƭ ƧŜ ƘƭŀǾƴƝƳ ȊłǎǘǳǇŎŜƳ ǎǘŜǊƻƭǻ ǾŜ {/Φ tǊƻ ǎǇǊłǾƴŞ ŦǳƴƎƻǾłƴƝ ƪƻȌƴƝ ōŀǊƛŞǊȅ ƧŜ ȊŎŜƭŀ 

ƴŜȊōȅǘƴȇΣ ǇƻŘƝƭƝ ǎŜ ƴŀ ȊŀŎƘƻǾłƴƝ ǎǇǊłǾƴŞ ǎǘǊǳƪǘǳǊȅΣ ŦƭǳƛŘƛǘȅΣ ƻǊƛŜƴǘŀŎŜ ƭƛǇƛŘǻ ŀ ǳŘǊȌǳƧŜ 

ǎǇǊłǾƴƻǳ ƭŀƳŜƭłǊƴƝ ŀ ƭŀǘŜǊłƭƴƝ ǎǘǊǳƪǘǳǊǳ {/Φ40, 44 Cholesteryl-ǎǳƭŦłǘ ƧŜ ŘŜǊƛǾłǘŜƳ ŎƘƻƭŜǎǘŜǊƻƭǳ 

ŀ ǾŜ {/ ǎŜ ƴŀŎƘłȊƝ Ǿ ǇǌƛōƭƛȌƴŠ р ҈ ƳƴƻȌǎǘǾƝΦ tǌŜŘǇƻƪƭłŘł ǎŜΣ ȌŜ ƘǊŀƧŜ Ǌƻƭƛ Ǉǌƛ deskvamaci.45  

3.2.2. Ceramidy (Cer) 

/ŜǊ ǇŀǘǌƝ Řƻ ǊƻŘƛƴȅ ǎŦƛƴƎƻƭƛǇƛŘǻΦ tƻŘƝƭŜƧƝ ǎŜ Ƨŀƪ ƴŀ ōǳƴŠőƴȇŎƘ ǇǊƻŎŜǎŜŎƘ Ƨŀƪƻ ǊŜƎǳƭłǘƻǊȅΣ2 tak 

ƛ ƴŀ ōŀǊƛŞǊƻǾŞ ŦǳƴƪŎƛ ƪǻȌŜ Ƨŀƪƻ ǎǘŀǾŜōƴƝ ƪŀƳŜƴȅΦ46 

3.2.2.1. ¢ȅǇȅ ŎŜǊŀƳƛŘǻ 

V ǎƻǳőŀǎƴƻǎǘƛ ƧŜ ȊƴłƳƻ мр ǇƻŘǘǌƝŘ /ŜǊ5 ŀ ǇƻƪǳŘ Řƻ ǘƻƘƻǘƻ Ǿȇőǘǳ ȊŀƘǊƴŜƳŜ ƛ ŘŞƭƪǳ ǌŜǘŠȊŎǻΣ 

ŘƻǎǘŀƴŜƳŜ ǎŜ ƴŀ ǇǌƛōƭƛȌƴŠ плл ǊǻȊƴȇŎƘ ƳƻƭŜƪǳƭΣ ŎƻȌ Ȋ ǘŠŎƘǘƻ ƭłǘŜƪ ŘŠƭł ǾŜƭƳƛ ǊƻȊƳŀƴƛǘƻǳ 

ǎƪǳǇƛƴǳ ƭƛǇƛŘǻΦ /ŜǊ ǎŜ ǎƪƭłŘŀƧƝ ȊŜ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ όǎŦƛƴƎƻǎƛƴ ό{ύΣ ŦȅǘƻǎŦƛƴƎƻǎin (P), 

dihydrosfingosin (dS), 6-hydroxysfingosin (H) a v ǎƻǳőŀǎƴƻǎǘƛ ǇǌƝƭƛǑ ƴŜǇǊƻȊƪƻǳƳŀƴł 

ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ ǎŜ őǘȅǌƳƛ ƘȅŘǊƻȄȅƭƻǾȇƳƛ ǎƪǳǇƛƴŀƳƛ ό¢ύύΣ ŎƻȌ ƧŜ ŀƳƛƴƻŀƭƪƻƘƻƭ ǎ ŘƭƻǳƘȇƳ 

ǌŜǘŠȊŎŜƳ όмп ς ну/ύΦ tǊƛƳłǊƴƝ ŀƳƛƴƻǎƪǳǇƛƴŀ ǘŞǘƻ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ ƧŜ ŀŎȅƭƻǾłƴŀ ƴŜnasycenou 

όbύΣ ʰ-ƘȅŘǊƻȄȅƭƻǾŀƴƻǳ ό!ύ ƴŜōƻ ˖-ƘȅŘǊƻȄȅƭƻǾŀƴƻǳ ƪȅǎŜƭƛƴƻǳ όhύΦ 5Şƭƪŀ ŀŎȅƭǳ ǎŜ Ǿ ƭƛŘǎƪŞƳ 

{/ ǇƻƘȅōǳƧŜ ƻŘ мс Řƻ ос/Φ /ŜǊ ƴŀǾƝŎ ƳǻȌŜ ōȇǘ ŜǎǘŜǊƛŦƛƪƻǾłƴ Ǿ ̟ -poloze kyselinou linolovou 

ό9hύΣ ǇǌƝǇŀŘƴŠ Ǿ poloze 1 nesubstituovanou kyselinou (1-O-acylCer).47 ¦ǇǌŜŘƴƻǎǘƶƻǾŀƴł 

ŦƻǊƳŀ ƴłȊǾƻǎƭƻǾƝ ƪƻȌƴƝŎƘ /ŜǊ ōȅƭŀ ƴŀǾǊȌŜƴŀ Ǌƻƪǳ мффо19 ŀ ōȅƭŀ ƧŜǑǘŠ ŘƻǇƭƴŠƴŀ Ǌƻƪǳ мффп48 

a roku 2014.5 ±ȅǳȌƝǾł ǎȅƳōƻƭǻ ǎŦƛƴƎƻƛŘƴƝŎƘ ōłȊƝ ŀ ŀŎȅƭǻΣ ƧŜƧƛŎƘȌ ƪƻƳōƛƴŀŎƝ ǾȊƴƛƪł ƴłȊŜǾ 

ǇǌƝǎƭǳǑƴŞ ǇƻŘǘǌƝŘȅ /ŜǊΣ ƴŀǇǌƝƪƭŀŘ /ŜǊ !{ ƧŜ ƻŘǾƻȊŜƴ ƻŘ ǎŦƛƴƎƻǎƛƴǳΣ ƪǘŜǊȇ ƧŜ ŀŎȅƭƻǾłƴ ʰ-

hydroxylovanou kyselinou a Cer EOH je odvozen od 6-ƘȅŘǊƻȄȅǎŦƛƴƎƻǎƛƴǳΣ ƪǘŜǊȇ ƧŜ ŀŎȅƭƻǾłƴ 
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hōǊłȊŜƪ нΦ {ǘǊǳƪǘǳǊȅ /ŜǊ ƴŀƭŜȊŜƴȇŎƘ Ǿ ƭƛŘǎƪŞ ƪǻȌƛ 
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-̟hydroxylovanou kyselinou s ƴŀǾłȊŀƴƻǳ ƪȅǎŜƭƛƴƻǳ ƭƛƴƻƭƻǾƻǳ ƴŀ ƧŜƧƝ -̟ƘȅŘǊƻȄȅƭƻǾŞ 

ǎƪǳǇƛƴŠΦ {ǘǊǳƪǘǳǊȅ ƭƛŘǎƪȇŎƘ /ŜǊ ƴŀƭŜȊŜƴȇŎƘ Ǿ ƪǻȌƛ Ƨǎƻǳ ȊƻōǊŀȊŜƴȅ ƴŀ hōǊłȊƪǳ н ŀ ƧŜƧƛŎƘ 

kvantifikace na OōǊłȊƪǳ оΦ 

 

hōǊłȊŜƪ оΦ It¢[/ ƭƛŘǎƪȇŎƘ /ŜǊ όǾƭŜǾƻύ ŀ ƧŜƧƛŎƘ ƪǾŀƴǘƛŦƛƪŀŎŜ ǇƻƳƻŎƝ It¢[/ όǾǇǊŀǾƻύ49 

3.2.2.2. .ƛƻǎȅƴǘŞȊŀ ŎŜǊŀƳƛŘǻ 

.ƛƻǎȅƴǘŞȊŀ /ŜǊ ǇǊƻōƝƘł ƴŀ ƳŜƳōǊłƴŠ ŜƴŘƻǇƭŀȊƳŀǘƛŎƪŞƘƻ ǊŜǘƛƪǳƭŀ όhōǊłȊŜƪ пύΦ tǊǾƴƝ ǊŜŀƪŎƝ 

Ǉǌƛ ōƛƻǎȅƴǘŞȊŜ /ŜǊ ƧŜ ƪƻƴŘŜƴȊŀŎŜ [-serinu s palmitoylkoenzymem A (palmitoylCoA) za 

vzniku 3-ƪŜǘƻŘƛƘȅŘǊƻǎŦƛƴƎƻǎƛƴǳΦ 9ƴȊȅƳΣ ƪǘŜǊȇ ǘǳǘƻ ǊŜŀƪŎƛ ǳƳƻȌƶǳƧŜΣ ǎŜ ƴŀȊȇǾł ǎŜǊƛƴ 

ǇŀƭƳƛǘƻȅƭ/ƻ! ǘǊŀƴǎŦŜǊłȊŀ ŀ ƧŜŘƴł ǎŜ ƻ ŜƴȊȅƳ ȊŜ ǎƪǳǇƛƴȅ ʰ-ƻȄƻŀƳƛƴ ǎȅƴǘłȊΦ50 3-

Ketodihydrosfingosin se v ōǳƶƪłŎƘ ƴŀƭŞȊł Ǿ ƳŀƭŞƳ ƳƴƻȌǎǘǾƝΣ ǇǊƻǘƻȌŜ ƧŜ ƛƘƴŜŘ ŘłƭŜ 

ƳŜǘŀōƻƭƛȊƻǾłƴΦ błǎƭŜŘǳƧƝŎƝ ǊŜŀƪŎƝ ƧŜ ǊŜŘǳƪŎŜ ƪŜǘƻǎƪǳǇƛƴȅ ǇƻƳƻŎƝ ŜƴȊȅƳǳ о-

ƪŜǘƻŘƛƘȅŘǊƻǎŦƛƴƎƻǎƛƴ ǊŜŘǳƪǘłȊȅ Ȋŀ ǾȊƴƛƪǳ ŘƛƘȅŘǊƻǎŦƛƴƎƻǎƛƴǳΦ51 K ǇǌŜǾŜŘŜƴƝ 

ŘƛƘȅŘǊƻǎŦƛƴƎƻǎƛƴǳ ƴŀ ƻǎǘŀǘƴƝ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ ƴŜŘƻŎƘłȊƝ ƻƪŀƳȌƛǘŠΣ ŘƻŎƘłȊƝ ƪ ƴŠƳǳ ŀȌ Ǉƻ 

ŀŎȅƭŀŎƛ ǇǊƛƳłǊƴƝ ŀƳƛƴƻǎƪǳǇƛƴȅΦ WŜŘŜƴ Ȋ ŘǻǾƻŘǻΣ ǇǊƻő ƻǎǘŀǘƴƝ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ ƴŜǾȊƴƛƪŀƧƝ 

ǊƻǾƴƻǳ ƧŜ ǘŜƴΣ ȌŜ ǎŦƛƴƎƻǎƛƴ Ƴł ǇǊƻŀǇƻǇǘƻǘƛŎƪŞ ŀ ŘŜǘŜǊƎŜƴǘƴƝ ǵőƛƴƪȅΦ52 Acyl kyseliny je 

ǇǌƛǇƻƧŜƴ ǇǊƻǎǘǌŜŘƴƛŎǘǾƝƳ ǎƪǳǇƛƴȅ ŜƴȊȅƳǻΣ ƴŀȊǾŀƴŞ όŘƛƘȅŘǊƻύŎŜǊŀƳƛŘ ǎȅƴǘłȊȅ ό/ŜǊ{ύΦ ½ŀǘƝƳ 

ōȅƭƻ ƛŘŜƴǘƛŦƛƪƻǾłƴƻ ǑŜǎǘ ǇƻŘǎƪǳǇƛƴ /ŜǊ{ ό/ŜǊ{ м ς 6)53 ŀ ōȅƭƻ ȊƧƛǑǘŠƴƻΣ ȌŜ ŀőƪƻƭƛǾ ǎŜ ƧŜƧƛŎƘ 

ǎǳōǎǘǊłǘȅ őłǎǘŜőƴŠ ǇǌŜƪǊȇǾŀƧƝΣ ǾȅƪŀȊǳƧŜ ƪŀȌŘȇ ŜƴȊȅƳ ǎǾƻǳ ǇǊŜŦŜǊŜƴŎƛ ƪ ǳǊőƛǘŞ ŘŞƭŎŜ ŀŎȅƭǳΣ 

ǇǌƝǇŀŘƴŠ ǎǘǳǇƴƛ ƴŜƴŀǎȅŎŜƴƻǎǘƛΦ bŀǇǌƝƪƭŀŘ /ŜǊ{ м Ƴł ǇǊŜŦŜǊŜƴŎi ke stearoylkoenzymu A jako 
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ǎǳōǎǘǊłǘǳ Ȋŀ ǾȊƴƛƪǳ /му /ŜǊΦ54 tƻǎƭŜŘƴƝƳ ƪǊƻƪŜƳ ƧŜ ǵǇǊŀǾŀ ǎŦƛƴƎƻƛŘƴƝ őłǎǘƛΦ /ŜǊ ȊŀƭƻȌŜƴŞ ƴŀ 

sfingosinu ȊƝǎƪŀƧƝ /п-/р ŘǾƻƧƴƻǳ ǾŀȊōǳ ǇǻǎƻōŜƴƝƳ ŘŜǎŀǘǳǊłȊȅΦ ¢Ŝƴǘƻ ŜƴȊȅƳ ƴŜƧǇǊǾŜ ǾȅǳȌije 

ƳƻƭŜƪǳƭłǊƴƝ ƪȅǎƭƝƪ ŀ ǾƴŜǎŜ Řƻ pozice C4 v molekule ƘȅŘǊƻȄȅƭƻǾƻǳ ǎƪǳǇƛƴǳΣ ƪǘŜǊł ƧŜ ƴłǎƭŜŘƴŠ 

ŘŜƘȅŘǊŀǘƻǾłƴŀ Ȋŀ ǾȊƴƛƪǳ /п-/р ŘǾƻƧƴŞ ǾŀȊōȅΦ55-57 /ŜǊ ȊŀƭƻȌŜƴŞ ƴŀ ŦȅǘƻǎŦƛƴƎƻǎƛƴǳ Ƨǎƻǳ 

ƘȅŘǊƻȄȅƭƻǾłƴȅ Ǿ ǇƻȊƛŎƛ /п ǇƻƳƻŎƝ ŜƴȊȅƳǳ ŘŜǎŀǘǳǊłȊȅ нΦ 9ƴȊȅƳ ȊƻŘǇƻǾŠŘƴȇ Ȋŀ ƪƻƴǾŜǊȊƛ 

dihydroCer na 6-ƘȅŘǊƻȄȅ/ŜǊ ƴŜōȅƭ ȊŀǘƝƳ ƴŀƭŜȊŜƴΦ5, 58  

 

hōǊłȊŜƪ пΦ .ƛƻǎȅƴǘŞȊŀ ŎŜǊŀƳƛŘǻ 
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aŀǎǘƴŞ ƪȅǎŜƭƛƴȅ Řƻ ŘŞƭƪȅ ǌŜǘŠȊŎŜ /мс Ƨǎƻǳ ǳ ǎŀǾŎǻ ǎȅƴǘŜǘƛȊƻǾłƴȅ ǇƻƳƻŎƝ ƳǳƭǘƛŜƴȊȅƳƻǾŞƘƻ 

komplexuΣ ȊǾŀƴŞƘƻ ǎȅƴǘłȊŀ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴΦ tǊƻŘƭǳȌƻǾłƴƝ ǌŜǘŠȊŎŜ ƴŀŘ ǘǳǘƻ ŘŞƭƪǳ 

ǇƻǘǌŜōǳƧŜ ǎǇŜŎƛłƭƴƝ ǘȅǇ ŜƴȊȅƳǳΣ ȊǾŀƴȇ ŜƭƻƴƎłȊŀ ό9[h±[ύΣ hōǊłȊŜƪ рΦ 9ƭƻƴƎłȊȅ ǾȅƪŀȊǳƧƝ Ƨŀƪ 

ǘƪłƶƻǾƻǳ ǎǇŜŎƛŦƛǘǳ όǾ ƪǻȌƛ ǎŜ ǾȅǎƪȅǘǳƧƝ ǇƻǳȊŜ őǘȅǌƛ ǇƻŘŘǊǳƘȅ ǘƻƘƻǘƻ ŜƴȊȅƳǳύΣ ǘŀƪ ƛ 

ǎǳōǎǘǊłǘƻǾƻǳ ǎǇŜŎƛŦƛǘǳΦ 9[h±[м ǇǊŜŦŜǊǳƧŜ Ƨŀƪƻ ǎǳōǎǘǊłǘ ǌŜǘŠȊŎŜ ŀȌ Řƻ ŘŞƭƪy C24, ELOVL2 

mezi C16-C20, ELOVL3 C22-C26, ELOVL4 C20 a C22, ELOVL5 C16-C20 a ELOVL6 C12, C16, 

/муΦ ½łǊƻǾŜƶ ōȅƭƻ ȊƧƛǑǘŠƴƻΣ ȌŜ 9[h±[мΣ о ŀ с ǇǊŜŦŜǊǳƧƝ ƴŀǎȅŎŜƴŞ ƴŜōƻ ƳƻƴƻƴŜƴŀǎȅŎŜƴŞ 

ƪȅǎŜƭƛƴȅ ŀ 9[h±[нΣ п ŀ р ǇǊŜŦŜǊǳƧƝ ǇƻƭȅƴŜƴŀǎȅŎŜƴŞ ƪȅǎŜƭƛƴȅΦ !ǾǑŀƪ ǇǌŜǎƴŞ subǎǘǊłǘȅ ŜƭƻƴƎłȊ 

ƴŜōȅƭȅ ȊŀǘƝƳ ǇǌŜǎƴŠ ǳǊőŜƴȅΦ tǊƻŘƭǳȌƻǾłƴƝ ǌŜǘŠȊŎŜ ǇǊƻōƝƘł ǾȌŘȅ ƻ ŘǾŀ ǳƘƭƝƪƻǾŞ ŀǘƻƳȅ ŀ ƧŜ 

ǘƻ ŎȅƪƭƛŎƪȅ ǎŜ ƻǇŀƪǳƧƝŎƝ ŘŠƧΣ ƪǘŜǊȇ ȊŀƘǊƴǳƧŜ ƪƻƴŘŜƴȊŀŎƛ ŀŎȅƭ/ƻ! ǎ malonylCoA (enzym 3-

ƪŜǘƻŀŎȅƭ/ƻ! ǎȅƴǘłȊŀύΣ ǊŜŘǳƪŎƛ όŜƴȊȅƳ о-ƪŜǘƻŀŎȅƭ/ƻ! ǊŜŘǳƪǘłȊŀύΣ ŘŜƘȅdrataci (enzym 3-

hydroxyacylCoA ŘŜƘȅŘǊƻƎŜƴłȊŀύ ŀ ŘŀƭǑƝ ǊŜŘǳƪŎƛ όŜƴȊȅƳ нΣо-enoyl/ƻ! ǊŜŘǳƪǘłȊŀύ. 

 

hōǊłȊŜƪ рΦ 9ƭƻƴƎŀŎŜ ǾƻƭƴȇŎƘ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ 
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9ƴȊȅƳΣ ȊƻŘǇƻǾŠŘƴȇ Ȋŀ ʰ-ƘȅŘǊƻȄȅƭŀŎƛ ƳŀǎǘƴŞ ƪȅǎŜƭƛƴȅ ƧŜ н-ƘȅŘǊƻȄȅƭłȊŀ59 ŀ ˖-hydroxylace 

ƳŀǎǘƴŞ ƪȅǎŜƭƛƴȅ ōǳŘŜ ǇǊƻōǊłƴŀ Ǿ ƴłǎƭŜŘǳƧƝŎƝ ƪŀǇƛǘƻƭŜΦ 

3.2.3. Acylceramidy (acylCer) 

-̟O-ŀŎȅƭŎŜǊŀƳƛŘȅ όƴŀȊȇǾłƴȅ ǘŀƪŞ /ŜǊ ǘǌƝŘȅ 9hύ Ƨǎƻǳ ƴŜƧŘŜƭǑƝ /ŜǊΣ ƪǘŜǊŞ ǎŜ Ǿ ƭƛŘǎƪŞƳ ǘŠƭŜ 

ǾȅǎƪȅǘǳƧƝΦ {ǘŜƧƴŠ Ƨŀƪƻ ƪǊŀǘǑƝ /ŜǊ ǎŜ ǎƪƭłŘŀƧƝ ȊŜ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ όǎŦƛƴƎƻǎƛƴǳΣ ŦȅǘƻǎŦƛƴƎƻǎƛƴǳΣ 

dihydrosfingosinu a 6-ƘȅŘǊƻȄȅǎŦƛƴƎƻǎƛƴǳύΣ ƴŀ ƧŜƧƝȌ ǇǊƛƳłǊƴƝ ŀƳƛƴƻǎƪǳǇƛƴǳ ƧŜ ǾłȊłƴ ŀŎȅƭ 

kyseliny. V ǇǌƝǇŀŘŠ ŀŎȅƭ/ŜǊ Ƴł ŀŎȅƭ ƴŜƧőŀǎǘŠƧƛ ол-оп ŀǘƻƳǻ ǳƘƭƝƪǳ ŀ Ǿ ̟ -poloze je 

ƘȅŘǊƻȄȅƭƻǾŀƴȇΦ bŀ ǘǳǘƻ ƘȅŘǊƻȄȅƭƻǾƻǳ ǎƪǳǇƛƴǳ ƧŜ ŜǎǘŜǊƻǾŠ ǾłȊłƴŀ ƪȅǎŜƭƛƴŀ ƭƛƴƻƭƻǾłΦ15 

V ƭƛŘǎƪȇŎƘ ŀŎȅƭ/ŜǊ ǎŜ ǘŞƳŠǌ ǾȇƘǊŀŘƴŠ ό фр ҈ύ ǾȅǎƪȅǘǳƧŜ ƪȅǎŜƭƛƴŀ ƭƛƴƻƭƻǾłΣ ǳ ǇǊŀǎŀǘ ŀ ƳƻǊőŀǘ 

se tato kyselina vyskytuje v ǇǌŜǾłȌƴŞ őłǎǘƛ όтр % a 84 ҈ύΣ ŀǾǑŀƪ ǳ Ǉƻǘƪŀƴǻ ŀ ƳȅǑƝ ƪƭŜǎł ƧŜƧƝ 

procento na 32 % a 45 % a je nahrazena kyselinou palmitovou.60 tǌƛ ŘŜŦƛŎƛǘǳ ŜǎŜƴŎƛłƭƴƝŎƘ 

ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ƧŜ ƭƛƴƻƭƻǾł ƪȅǎŜƭƛƴŀ Ǿ ŀŎȅƭ/ŜǊ ƴŀƘǊŀȊƻǾłƴŀ ƧƛƴƻǳΣ ƴŜŜǎŜƴŎƛłƭƴƝ Ƴŀǎǘƴƻǳ 

ƪȅǎŜƭƛƴƻǳ όǇǌŜǾłȌƴŠ ƻƭŜƧƻǾƻǳύΣ ŎƻȌ ǾŜŘŜ ƪ ŘŜŦŜƪǘǻƳ Ǿ ƪƻȌƴƝ ōŀǊƛŞǌŜΦ39 

AcylCeǊ Ƨǎƻǳ ƴŀǇǊƻǎǘƻ ƴŜȊōȅǘƴŞ ǇǊƻ ǇǌŜȌƛǘƝ ǎŀǾŎǻ ƴŀ ǎƻǳǑƛΦ WŜƧƛŎƘ ƪƻƳǇƭŜǘƴƝ ŘŜŦƛŎƛǘ ƴŜƴƝ 

ǎƭǳőƛǘŜƭƴȇ ǎŜ ȌƛǾƻǘŜƳΣ ƧŜŘƛƴŜŎ ȊłƘȅ ǳƳƝǊł ƪǾǻƭƛ ƻōǊƻǾǎƪȇƳ ȊǘǊłǘłƳ ǾƻŘȅ ǇǌŜǎ ƪǻȌƛΦ16-17 

±ȇƪȅǾȅ Ǿ ƧŜƧƛŎƘ ƘƭŀŘƛƴŠ ǾŜ {/ όǇǌŜǾłȌƴŠ ƧŜƧƛŎƘ ǎƴƝȌŜƴŞ ƳƴƻȌǎǘǾƝύ ōȅƭȅ ƴŀƭŜȊŜƴȅ ǳ ƴŠƪƻƭƛƪŀ 

ȊłǾŀȌƴȇŎƘ ƪƻȌƴƝŎƘ ƻƴŜƳƻŎƴŠƴƝΣ Ƨŀƪƻ ƧŜ ŀǘƻǇƛŎƪł ŘŜǊƳŀǘƛǘƛŘŀΣ18 ƭŀƳŜƭłǊƴƝ ƛŎƘǘȅƽȊŀ20 nebo 

ǇǎƻǊƛłȊŀΦ19 

WŜƧƛŎƘ ŘǻƪƭŀŘƴŠƧǑƝƳǳ ǇǊƻȊƪƻǳƳłƴƝ ōǊłƴƝ ƘƭŀǾƴŠ ƧŜƧƛŎƘ ƴŜŘƻǎǘǳǇƴƻǎǘΦ YƻƳŜǊőƴŠ ǎŜ ȊŀƪƻǳǇƛǘ 

ƴŜŘŀƧƝ ŀ ƧŜƧƛŎƘ ƛȊƻƭŀŎŜ ȊŜ {/ ƧŜ ǾŜƭƳƛ ƻōǘƝȌƴłΣ ǾȇǘŠȌƪȅ ǘŞǘƻ ƛȊƻƭŀŎŜ Ƨǎƻǳ ƴƝȊƪŞΦ ± ƭƛǘŜǊŀǘǳǌŜ ƧŜ 

ƳƻȌƴŞ ƴŀƭŞȊǘ ƴŠƪƻƭƛƪ ǇǳōƭƛƪŀŎƝ ǎ ƪƻƳǇƭŜǘƴƝ ǎȅƴǘŞȊƻǳ ǘŠŎƘǘƻ ƭłǘŜƪΣ24-26, 49 ŀǾǑŀƪ ǎȅƴǘŞȊŀ ƧŜ 

ǾȌŘȅ ƳƴƻƘŀƪǊƻƪƻǾł ŀ ǇƻǎƪȅǘǳƧŜ ǇƻƳŠǊƴŠ Ƴŀƭȇ ŎŜƭƪƻǾȇ ǾȇǘŠȌŜƪΦ 

3.2.3.1. .ƛƻǎȅƴǘŞȊŀ ŀŎȅƭ/ŜǊ 

½ŀőłǘŜƪ ōƛƻǎȅƴǘŞȊȅ ŀŎȅƭ/ŜǊ ƧŜ ǎǘŜƧƴȇ Ƨŀƪƻ ǳ ƻǎǘŀǘƴƝŎƘ /ŜǊΣ ŘƛƘȅŘǊƻǎŦƛƴƎƻǎƛƴ ǾȊƴƛƪł 

ƪƻƴŘŜƴȊŀŎƝ ǇŀƭƳƛǘƻȅƭ/ƻ! ŀ [-ǎŜǊƛƴǳΦ YȅǎŜƭƛƴƻǾł őłǎǘ ƧŜ ǊƻǾƴŠȌ ǘǾƻǌŜƴŀ ŜƭƻƴƎŀŎƝ /мс ǌŜǘŠȊŎŜ 

ǇƻƳƻŎƝ ŜƭƻƴƎłȊΣ ǾȌŘȅ ƻ н ǳƘƭƝƪƻǾŞ ŀǘƻƳȅΣ ŀǾǑŀƪ ǇǊƻ ǘǾƻǊōǳ ǌŜǘŠȊŎŜ ну/ ƧŜ ȊŀǇƻǘǌŜōƝ 

ƪƻƴƪǊŞǘƴŠ ŜƭƻƴƎłȊŀ 9[h±[пΦ21, 61 -̟ƘȅŘǊƻȄȅƭŀŎŜ ǘŞǘƻ ŘƭƻǳƘŞ ƪȅǎŜƭƛƴȅ ǇǊƻōƝƘł ǇƻƳƻŎƝ 

ŎȅǘƻŎƘǊƻƳ tпрл /¸tпCнн ǾłȊŀƴŞ ƘȅŘǊƻȄȅƭłȊȅ22 a -̟esterifikacŜ ŘƝƪȅ ˖-ŀŎȅƭǘǊŀƴǎŦŜǊłȊŜΦ23 

tǊƻ ǇǌƛǇƻƧŜƴƝ ǘŞǘƻ ƪȅǎŜƭƛƴȅ k ŘƛƘȅŘǊƻǎŦƛƴƎƻǎƛƴǳ ƧŜ ǇƻǘǌŜōŀ ŜƴȊȅƳ Ȋ ǊƻŘƛƴȅ ŎŜǊŀƳƛŘ ǎȅƴǘłȊΣ 

ƪƻƴƪǊŞǘƴŠ ǳ ǘŠŎƘǘƻ ƴŜƧŘŜƭǑƝŎƘ ǌŜǘŠȊŎǻ ǎŜ ǳǇƭŀǘƶǳƧŜ /ŜǊ{оΦ16 bŜōȅƭƻ ȊŀǘƝƳ ǎǇƻƭŜƘƭƛǾŠ ǳǊőŜƴƻΣ 

ȊŘŀ ŘƻŎƘłȊƝ ƴŜƧǇǊǾŜ ƪ ƻƳŜƎŀ ŜǎǘŜǊƛŦƛƪŀŎƛ ŀ ŀȌ ǇƻǘŞ ƪ N-acylaci nebo je tomu naopak 

όhōǊłȊŜƪ сύΦ39 
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hōǊłȊŜƪ сΦ .ƛƻǎȅƴǘŞȊŀ ŀŎȅƭŎŜǊŀƳƛŘǻ 

±ȊƴƛƪƭŞ ŀŎȅƭ/ŜǊ ǎŜ ǾŜ {/ ƴŀŎƘłȊƝ ōǳř ǾƻƭƴŞ ƴŜōƻ ǾłȊŀƴŞ ƴŀ ƪƻǊƴŜƻŎȅǘȅΦ YŘȅȌ ŘƻƧŘŜ 

k ǘŜǊƳƛƴłƭƴƝ ŘƛŦŜǊŜƴŎƛŀŎƛ ƪŜǊŀǘƛƴƻŎȅǘǻ ƴŀ ƪƻǊƴŜƻŎȅǘȅΣ ƧŜ ƧŜƧƛŎƘ ǇƭŀȊƳŀǘƛŎƪł ƳŜƳōǊłƴŀ 

ƴŀƘǊŀȊŜƴŀ ǘŀƪȊǾŀƴƻǳ ƪƻǊƴŜƻŎȅǘłƭƴƝ ƭƛǇƛŘƻǾƻǳ ƻōłƭƪƻǳ ŀ jejich ƻōǎŀƘ ǾȅǇƭƴŠƴ ƪŜǊŀǘƛƴŜƳΦ bŀ 

ǘǳǘƻ ƻōłƭƪǳ όǇǌŜǾłȌƴŠ ƴŀ ƪŀǊōƻȄȅƭƻǾŞ ǎƪǳǇƛƴȅ ǇƻǎǘǊŀƴƴƝŎƘ ǌŜǘŠȊŎǻ ǇǊƻǘŜƛƴǻ Ƨŀƪƻ ƧŜ 

ƛƴǾƻƭǳƪǊƛƴ őƛ ƭƻǊƛƪǊƛƴύ ǎŜ ǇƻƳƻŎƝ ǎǾŞ -̟ƘȅŘǊƻȄȅƭƻǾŞ ǎƪǳǇƛƴȅ ǾłȌƝ ŀŎȅƭ/ŜǊ όhōǊłȊŜƪ тύ. AcylCer 

ǎŜ ǾłȌƝ ǾŜ ŦƻǊƳŠ ǎǾŞƘƻ ǇǊŜƪǳǊȊƻǊǳ όƎƭǳƪƻǎȅƭ/ŜǊύΦ aŜŎƘŀƴƛǎƳǳǎ ǇǊǾƴƝƘƻ ƪǊƻƪǳ ƴŜƴƝ ǵǇƭƴŠ 

ƻōƧŀǎƴŠƴΣ ƳǻȌŜ ǎŜ ƧŜŘƴŀǘ ƻ ƻȄƛŘŀǘƛǾƴƝ ƻŘǑǘŠǇŜƴƝ ƪȅǎŜƭƛƴȅ ƭƛƴƻƭƻǾŞ ŘƻǎǳŘ ƴŜƛŘŜƴǘƛŦƛƪƻǾŀƴȇƳ 

ŜƴȊȅƳŜƳΣ ǇǌƝǇŀŘƴŠ ƻ ǘǊŀƴǎŜǎǘŜǊƛŦƛƪŀőƴƝ ǊŜŀƪŎƛ ŀ ŘƻŎƘłȊƝ ƪ ǾŀȊōŠ ƴŀ ǇǊƻǘŜƛƴΦ DƭǳƪƽȊŀ ƧŜ ǇƻǘŞ 

ƻŘǑǘŠǇŜƴŀ ǇƻƳƻŎƝ ʲ-gƭǳƪƻŎŜǊŜōǊƻǎƛŘłȊȅ ŀ ǾȊƴƛƪƭȇ ƪƻƳǇƭŜȄ ˖-ƘȅŘǊƻȄȅ/ŜǊ ǾłȊŀƴŞƘƻ ƴŀ 

ƪƻǊƴŜƻŎȅǘ όǇǌƝǇŀŘƴŠ Ǉƻ ƻŘǑǘŠǇŜƴƝ ǎŦƛƴƎƻƛŘƴƝ ōłȊŜ ˖-ƘȅŘǊƻȄȅƪȅǎŜƭƛƴȅύ ǎŜ ǇƻŘƝƭƝ ƴŀ ǘǾƻǊōŠ 

ǇǊǾƴƝ ƭŀƳŜƭȅ Ǿ ƭƛǇƛŘƻǾŞ ƳŀǘǊƛȄ {/ ŀ ǾȅǘǾłǌƝ ǘŀƪ ǘŜƳǇƭłǘ ǇǊƻ ōǳŘƻǾłƴƝ ŘŀƭǑƝŎƘ ƭŀƳŜƭΦ62 
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OōǊłȊŜƪ тΦ YƻǾŀƭŜƴǘƴŠ ǾłȊŀƴŞ ŎŜǊŀƳƛŘȅ 

3.2.4. aŜǘŀōƻƭƛŎƪŞ ǇǌŜƳŠƴȅ ŎŜǊŀƳƛŘǻ ŀ ŘŀƭǑƝŎƘ ǎŦƛƴƎƻƭƛǇƛŘǻ 

/ŜǊ ǾȊƴƛƪŀƧƝ v ƻǊƎŀƴƛǎƳǳ ǘǌŜƳƛ ƘƭŀǾƴƝƳƛ ŎŜǎǘŀƳƛΥ 

1) De novo ǎȅƴǘŞȊŀ Ȋ L-ǎŜǊƛƴǳ ŀ ǇŀƭƳƛǘƻȅƭ/ƻ! όǾƛȊ ǵǾƻŘ ǘŞǘƻ ǇǊłŎŜύΦ 
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2) IȅŘǊƻƭȇȊƻǳ ǎŦƛƴƎƻƳȅŜƭƛƴǳ ǇƻƳƻŎƝ ŜƴȊȅƳǳ ǎŦƛƴƎƻƳȅŜƭƛƴłȊȅΦ ¢Ŝƴǘƻ ŜƴȊȅƳ Ƴł ǑŜǎǘ 

ƛǎƻŦƻǊŜƳΥ ƪȅǎŜƭƻǳΣ ōŀȊƛŎƪƻǳ ŀ őǘȅǌƛ ǘȅǇȅ ƴŜǳǘǊłƭƴƝ ǎŦƛƴƎƻƳȅŜƭƛƴłȊȅΣ ƪǘŜǊŞ ǎŜ ƭƛǑƝ 

ǳƳƝǎǘŠƴƝƳ ŀ ǎǳōǎǘǊłǘƻǾƻǳ ǎǇŜŎƛŦƛǘƻǳΦ63 

3) ½ǾȇǑŜƴƻǳ ƘȅŘǊƻƭȇȊƻǳ ǎŦƛƴƎƻǎƛƴ-1-ŦƻǎŦłǘǳ ǇƻƳƻŎƝ ŜƴȊȅƳǳ ǎŦƛƴƎƻǎƛƴ-1-ŦƻǎŦłǘ 

ŦƻǎŦŀǘłȊȅΣ ƴłǎƭŜŘƻǾŀƴƻǳ ŀŎȅƭŀŎƝ ǎŦƛƴƎƻǎƛƴǳ ƴŀ /ŜǊ ǇƻƳƻŎƝ ŎŜǊŀƳƛŘ ǎȅƴǘłȊȅΦ 

aƛƳƻ ǘȅǘƻ ƘƭŀǾƴƝ ŎŜǎǘȅ ƳƻƘƻǳ /ŜǊ ǾȊƴƛƪŀǘ ƘȅŘǊƻƭȇȊƻǳ ŘŀƭǑƝŎƘ ƧŜƧƛŎƘ ŘŜǊƛǾłǘǻΣ ƴŀǇǌƝƪƭŀŘ 

ƘȅŘǊƻƭȇȊƻǳ ƎƭǳƪƻǎȅƭŎŜǊŀƳƛŘǻ ǇƻƳƻŎƝ ŜƴȊȅƳǳ ʲ-ƎƭǳƪƻŎŜǊŜōǊƻǎƛŘłȊȅΣ ƘȅŘǊƻƭȇȊƻǳ 

ƎŀƭŀƪǘƻǎȅƭŎŜǊŀƳƛŘǻ ǇƻƳƻŎƝ ʲ-gŀƭŀƪǘƻŎŜǊŜōǊƻǎƛŘłȊȅ ƴŜōƻ ƘȅŘǊƻƭȇȊƻǳ ŎŜǊŀƳƛŘ-1-ŦƻǎŦłǘǳ 

ǇƻƳƻŎƝ ŎŜǊŀƳƛŘ-1-ŦƻǎŦłǘ ŦƻǎŦŀǘłȊȅΦ ½łƪƭŀŘƴƝ ƳŜǘŀōƻƭƛŎƪŞ ǇǌŜƳŠƴȅ Ƨǎƻǳ ǎƘǊƴǳǘȅ ƴŀ hōǊłȊƪǳ 

8. 

 

hōǊłȊŜƪ уΦ aŜǘŀōƻƭƛŎƪŞ ǇǌŜƳŠƴȅ ŎŜǊŀƳƛŘǻ ƴŀ ƧŜƧƛŎƘ ŘŜǊƛǾłǘȅ Ǿ ƭƛŘǎƪŞƳ ƻǊƎŀƴƛǎƳǳΦ tƝǎƳŜƴȅ Ƨǎƻǳ ǇƻǇǎłƴȅ 
ŜƴȊȅƳȅΣ ȊƻŘǇƻǾŠŘƴŞ Ȋŀ Řŀƴƻǳ ǊŜŀƪŎƛΥ ŀύ ŎŜǊŀƳƛŘ ƪƛƴłȊŀ ōύ ŎŜǊŀƳƛŘ-1-ŦƻǎŦłǘ ŦƻǎŦŀǘłȊŀ Ŏύ ǎŦƛƴƎƻƳȅŜƭƛƴ ǎȅƴǘłȊŀ Řύ 
ǎŦƛƴƎƻƳȅŜƭƛƴłȊŀ Ŝύ ƎƭǳƪƻǎȅƭŎŜǊŀƳƛŘ ǎȅƴǘłȊŀ Ŧύ ʲ-ƎƭǳƪƻŎŜǊŜōǊƻǎƛŘłȊŀ Ǝύ ŎŜǊŀƳƛŘłȊŀ Ƙύ ŎŜǊŀƳƛŘ ǎȅƴǘłȊŀ ƛύ ǎŦƛƴƎƻǎƛƴ 
ƪƛƴłȊŀ Ƨ) sfingosin-1-ŦƻǎŦłǘ ŦƻǎŦŀǘłȊŀ 
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3.2.4.1. Ceramid-1-ŦƻǎŦłǘȅ ό/ŜǊ-1-P) 

Cer-1-P je jeden z ƴŜƧƧŜŘƴƻŘǳǑǑƝŎƘ ǎŦƛƴƎƻƭƛǇƛŘǻΣ ƴŀƭŜȊŜƴȇŎƘ Ǿ ōƛƻƭƻƎƛŎƪȇŎƘ ƳŜƳōǊłƴłŎƘ ŀ 

vyskytuje se zde pouze v ƳŀƭŞƳ ƳƴƻȌǎǘǾƝΦ64 Cer-1-t ƳǻȌŜ ǾȊƴƛƪŀǘ ǇǌƝƳƻ ȊŜ ǎŦƛngomyelinu 

pǻǎƻōŜƴƝƳ ǎŦƛƴƎƻƳȅŜƭƛƴłȊȅ 5Σ ŀǾǑŀƪ ǘŀƪƻǾł ǇǌŜƳŠƴŀ ōȅƭŀ ƴŀƭŜȊŜƴŀ ǇƻǳȊŜ ǳ ƴŠƪǘŜǊȇŎƘ 

ōŀƪǘŜǊƛƝ ŀ Ǿ ǇŀǾƻǳőƝƳ ƧŜŘǳΦ65-66 V ǎŀǾőƝƳ ƻǊƎŀƴƛǎƳǳ ǾǑŀƪ ǘŀǘƻ ŎŜǎǘŀ ƴŀƭŜȊŜƴŀ ƴŜōȅƭŀ ŀ /ŜǊ-

1-t Ƨǎƻǳ ǇǊƛƳłǊƴŠ ōƛƻǎȅƴǘŜǘƛȊƻǾłƴȅ Ȋ /ŜǊ ǇƻǳȌƛǘƝƳ ŎŜǊŀƳƛŘ ƪƛƴłȊΦ67-68 Receptor pro Cer-1-P 

ƴŜōȅƭ ŘƻǎǳŘ ƴŀƭŜȊŜƴΦ bŀƳƝǎǘƻ ǘƻƘƻ ǇǻǎƻōƝ /ŜǊ-1-t ǇǌƝƳƻǳ ƛƴǘŜǊŀƪŎƝ ŀ ŀƪǘƛǾŀŎƝ ŎȅǘƻǎƻƭƻǾȇŎƘ 

ŦƻǎŦƻƭƛǇłȊΣ ŎƻȌ ȊǇǻǎƻōǳƧŜ ǳǾƻƭƴŠƴƝ ŀǊŀŎƘƛŘƻƴłǘǳ ŀ ȊǾȇǑŜƴƻǳ ǘǾƻǊōǳ ǇǊƻǎǘŀƎƭŀƴŘƛƴǻΦ ½ǾȇǑŜƴƝ 

hladiny ǇǊƻǎǘŀƎƭŀƴŘƛƴǳ 9н ǇƻǘŞ ǾŜŘŜ ƪŜ ǎǘƛƳǳƭŀŎƛ ȊłƴŠǘƭƛǾŞ ǊŜŀƪŎŜ Ǿ ōǳƶƪłŎƘΦ69-70 Cer-1-P 

ǘŀƪŞ ǎǘƛƳǳƭǳƧŜ ōǳƴŠőƴƻǳ ǇǊƻƭƛŦŜǊŀŎƛΣ ōǳƴŠőƴƻǳ ƳƛƎǊŀŎƛΣ ȊǾȅǑǳƧŜ ǇǌƝƧŜƳ ƎƭǳƪƽȊȅ ŀ ƛƴƘƛōǳƧŜ 

ŀǇƻǇǘƽȊǳΦ71-74  

3.2.4.2. Gangliosidy 

DŀƴƎƭƛƻǎƛŘȅ Ƨǎƻǳ ƪȅǎŜƭŞ ƎƭȅƪƻǎŦƛƴƎƻƭƛǇƛŘȅΣ ƪǘŜǊŞ ƻōǎŀƘǳƧƝ ƧŜŘŜƴ ƴŜōƻ ǾƝŎŜ Ȋōȅǘƪǻ ƪȅǎŜƭƛƴȅ 

ǎƛŀƭƻǾŞ ŀ ǇǌŜǾłȌƴŠ ǎŜ ǾȅǎƪȅǘǳƧƝ Ǿ ƴŜǊǾƻǾȇŎƘ ōǳƶƪłŎƘΦ75 .ƛƻǎȅƴǘŞȊŀ ƎŀƴƎƭƛƻǎƛŘǻ ȊŀőƝƴł ǳ /ŜǊΦ 

V ǇǊǾƴƝƳ ƪǊƻƪǳ ǾȊƴƛƪł Ǝƭǳƪƻǎȅƭ/ŜǊ ǇǻǎƻōŜƴƝƳ ŜƴȊȅƳǳ Ǝƭǳƪƻǎȅƭ/ŜǊ ǎȅƴǘłȊȅ όȊǾŀƴŞ ǘŀƪȅ 

ƎƭǳƪƻǎȅƭǘǊŀƴǎŦŜǊłȊȅύ76-77 ŀ ƴłǎƭŜŘƴŠ ƧŜ ǇǊƻŘƭƻǳȌŜƴ ŎǳƪŜǊƴȇ ǌŜǘŠȊŜŎ ƴŀ ƭŀƪǘƻǎȅƭ/ŜǊ 

ǇǻǎƻōŜƴƝƳ Ǝŀƭŀƪƻǎȅƭ ǘǊŀƴǎŦŜǊłȊȅΦ78 5ŀƭǑƝ ǾłȊłƴƝ ƳƻƴƻǎŀŎƘŀǊƛŘǻΣ ǾőŜǘƴŠ ǎƛŀƭƻǾȇŎƘ ƪȅǎŜƭƛƴΣ 

ǇǊƻōƝƘł Ǿ ǇƻǎǘǳǇƴȇŎƘ ƪǊƻŎƝŎƘΣ ŀȌ ŘƻƧŘŜ ƪŜ ǾȊƴƛƪǳ ƎŀƴƎƭƛƻǎƛŘǳ ǎ ǇƻȌŀŘƻǾŀƴƻǳ ǎǘǊǳƪǘǳǊƻǳ 

ŎǳƪŜǊƴŞ ǎƭƻȌƪȅΦ77 DŀƴƎƭƛƻǎƛŘȅ ǎŜ ȊŀǇƻƧǳƧƝ Řƻ ƳŜȊƛōǳƴŠőƴȇŎƘ ƛƴǘŜǊŀƪŎƝ ŀ Řƻ ōǳƴŠőƴŞ 

ǎƛƎƴŀƭƛȊŀŎŜΥ ƻǾƭƛǾƶǳƧƝ ŜǇƛŘŜǊƳłƭƴƝ ǊǻǎǘƻǾȇ ŦŀƪǘƻǊΣ79 ƴŜǊǾƻǾȇ ǊǻǎǘƻǾȇ ŦŀƪǘƻǊ80 ƴŜōƻ ǊŜƎǳƭǳƧƝ 

inzulin.81 

 

3.2.5. hǊƎŀƴƛȊŀŎŜ ƭƛǇƛŘǻ ǾŜ SC 

[ƛǇƛŘƻǾł ƳŀǘǊƛȄ {/ ǾȅƪŀȊǳƧŜ ƧŜŘƛƴŜőƴƻǳ ƭŀƳŜƭłǊƴƝ ǎǘǊǳƪǘǳǊǳΦ tƻƘƭŜŘ ƴŀ ƻǊƎŀƴƛȊŀŎƛ ƭƛǇƛŘǻΣ 

ǘǾƻǌƝŎƝŎƘ ƭƛǇƛŘƻǾƻǳ ƳŀǘǊƛȄΣ ǎŜ ǇƻǎǘǳǇŜƳ őŀǎǳ ƳŠƴƛƭ ŀ ǇǌŜǎƴł ƻǊƎŀƴƛȊŀŎŜ ǎǘłƭŜ ƴŜƴƝ 

ƧŜŘƴƻȊƴŀőƴŠ ƻōƧŀǎƴŠƴŀΦ 

3.2.5.1. [ŀƳŜƭłǊƴƝ ǳǎǇƻǌłŘłƴƝ 

PomoŎƝ ŜƭŜƪǘǊƻƴƻǾŞ ƳƛƪǊƻǎƪƻǇƛŜ ōȅƭƻ ȊƧƛǑǘŠƴƻΣ ȌŜ {/ Ƴł ǇƻŘƻōǳ ǇǌƛǇƻƳƝƴŀƧƝŎƝ ǎǘǊǳƪǘǳǊǳ 

cihel a malty.82-83 !Ȍ ƪŘȅȌ ǎŜ ǇǊƻ ŦƛȄŀŎƛ ǇǊŜǇŀǊłǘǻ Ȋŀőŀƭ ǾȅǳȌƝǾŀǘ wǳh4 ƳƝǎǘƻ hǎh4 όǇǊƻ ƪǘŜǊȇ 

ƧŜ ǇƻǘǌŜōŀΣ ŀōȅ ǾŜ ȊƪƻǳƳŀƴŞƳ ƳŀǘŜǊƛłƭǳ ōȅƭȅ ƴŜƴŀǎȅŎŜƴŞ ǎƭƻǳőŜƴƛƴȅΣ ƪǘŜǊŞ ǎŜ ǾŜ {/ ǇǌƝƭƛǑ 

ƴŜǾȅǎƪȅǘǳƧƝύΣ ōȅƭƻ ƳƻȌƴŞ ǎǇƻƭŜƘƭƛǾŠ ǇƻȊƻǊƻǾŀǘ multivrstevnou ƭŀƳŜƭłǊƴƝ ǎǘǊǳƪǘǳǊǳ {/ 

όhōǊłȊŜƪ ф). bŀǾƝŎ ōȅƭƻ ȊƧƛǑǘŠƴƻΣ ȌŜ ǘȅǘƻ ǾǊǎǘǾȅ ǎŜ ǎǘǌƝŘŀƧƝ ǇǊŀǾƛŘŜƭƴŠ Ƨŀƪƻ ǑƛǊƻƪł-ǵȊƪł-ǑƛǊƻƪłΣ 

ǎŜ ǑƝǌƪƻǳ ƭŀƳŜƭȅ ǇǌƛōƭƛȌƴŠ мн ƴƳΦ 13, 84 Taǘƻ ƳŠǌŜƴƝ ōȅƭa ǇƻȊŘŠƧƛ ǇƻǘǾǊȊŜƴa ǇƻƳƻŎƝ ǇǊłǑƪƻǾŞ 
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ǊŜƴǘƎŜƴƻǾŞ ŘƛŦǊŀƪŎŜΣ ƪŘŜ ōȅƭŀ ƴŀƭŜȊŜƴŀ 11,9 ς 13,1 ƴƳ ǑƝǌƪŀ ƭŀƳŜƭȅΣ ƻȊƴŀőƻǾŀƴł Ƨŀƪƻ ŘƭƻǳƘł 

periƻŘƛŎƪł ŦłȊŜ ό[ttύΣ ǇǊƻ ƧŜƧƝȌ ŜȄƛǎǘŜƴŎƛ Ƨǎƻǳ ƴŜȊōȅǘƴŞ ŀŎȅƭ/ŜǊΦ7, 9, 11-14 Mimo tuto LPP byla 

v ƭƛŘǎƪŞƳ {/ ƴŀƭŜȊŜƴŀ ƧŜǑǘŠ ŘŀƭǑƝ ƭŀƳŜƭłǊƴƝ ŦłȊŜ ǎ ƪǊŀǘǑƝ ǇŜǊƛƻŘƻǳ ό5,3 ς 6,4 ƴƳύΣ ƪǘŜǊł 

Řƻǎǘŀƭŀ ƴłȊŜǾ ƪǊłǘƪł ƭŀƳŜƭłǊƴƝ ŦłȊŜ ό{ttύΦ6-10, 14 {ŎƘŜƳŀǘƛŎƪȅ ƧŜ ƭŀƳŜƭłǊƴƝ ǳǎǇƻǌłŘłƴƝ 

ǇƻǇǎłƴƻ ƴŀ hōǊłȊƪǳ мл. 

 

hōǊłȊŜƪ фΦ 9ƭŜƪǘǊƻƴƻǾł ƳƛƪǊƻǎƪƻǇƛŜ {/Φ ! ŀ .Υ ƭŀƳŜƭłǊƴƝ ǘŠƭƝǎƪŀΦ /Υ ƳŜȊƛōǳƴŠőƴȇ ǇǊƻǎǘƻǊ ƳŜȊƛ {/ ŀ ǎǘǊŀǘǳƳ 
ƎǊŀƴǳƭƻǎǳƳ Ǉƻ ǾȅƭƛǘƝ ƻōǎŀƘǳ ƭŀƳŜƭłǊƴƝŎƘ ǘŠƭƝǎŜƪΦ 5Υ ƳŜȊƛōǳƴŠőƴȇ ǇǊƻǎǘƻǊ {/13 

3.2.5.2. [ŀǘŜǊłƭƴƝ ǳǎǇƻǌłŘłƴƝ 

V ƭƛŘǎƪŞƳ {/ ǇǌŜǾŀȌǳƧŜ ƭŀǘŜǊłƭƴƝ ƻǊǘƘƻǊƘƻƳōƛŎƪŞ ǳǎǇƻǌłŘłƴƝΣ ƪǘŜǊŞ Ƴł ƴŜƧǘŠǎƴŠƧǑƝ ƳǌƝȌƪǳ 

ƻōŘŞƭƴƝƪƻǾŞƘƻ ǘǾŀǊǳ ŀ ƪǘŜǊŞ ǌŜǘŠȊŎǻƳ ǳƳƻȌƶǳƧŜ ǇƻǳȊŜ ƳƛƴƛƳłƭƴƝ ǇƻƘȅōΦ aŞƴŠ ǘŠǎƴŞ ƧŜ 

ƘŜȄŀƎƻƴłƭƴƝ ǳǎǇƻǌłŘłƴƝΣ ǳ ƪǘŜǊŞƘƻ ƧƛȌ ŘƻŎƘłȊƝ ƪ ƭŀǘŜǊłƭƴƝ ǊƻǘŀŎƛ ǌŜǘŠȊŎǻ ŀ Ƴŀƭł őłǎǘ ƭƛǇƛŘǻ ǾŜ 

SC se vyskytuje v ƪŀǇŀƭƴŠ-ƪǊȅǎǘŀƭƛŎƪŞƳ ǳǎǇƻǌłŘłƴƝΣ ƪǘŜǊŞ ƧŜ ƧƛȌ ȊƴŀőƴŠ ƴŜǳǎǇƻǌłŘŀƴŞ 

όhōǊłȊŜƪ мл).85-86 aŜȊƛ ƴŜƧőŀǎǘŠƧǑƝ ƳŜǘƻŘȅ ǾȇȊƪǳƳǳ ƭŀǘŜǊłƭƴƝƘƻ ǳǎǇƻǌłŘłƴƝ ǎƭƻǳȌƝ 
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ƛƴŦǊŀőŜǊǾŜƴł ǎǇŜƪǘǊƻǎƪƻǇƛŜ όǎ CƻǳǊƛŜǊƻǾƻǳ ǘǊŀƴǎŦƻǊƳŀŎƝύΣ87 ŜƭŜƪǘǊƻƴƻǾł ŘƛŦǊŀƪŎŜ88 a 

ǇǊłǑƪƻǾł ǊŜƴǘƎŜƴƻǾł ŘƛŦǊŀƪŎŜ Ǿ oblastƛ ǑƛǊƻƪȇŎƘ ǵƘƭǻΦ89 

 

hōǊłȊŜƪ млΦ {ǘǊǳƪǘǳǊŀ ƭƛŘǎƪŞƘƻ {/ ŀ ǇƻŘǊƻōƴŠƧǑƝ ǇƻǇƛǎ ƭŀƳŜƭłǊƴƝ ŀ ƭŀǘŜǊłƭƴƝ ǎǘǊǳƪǘǳǊȅ ƭƛǇƛŘƻǾŞ ƳŀǘǊƛȄ90 

3.2.5.3. ±Ȋƴƛƪ ƪƻȌƴƝ ōŀǊƛŞǊȅ 

9ǇƛŘŜǊƳłƭƴƝ ōŀǊƛŞǊŀ ǾȊƴƛƪł ǾŜ őǘȅǌŜŎƘ ȊłƪƭŀŘƴƝŎƘ ƪǊƻŎƝŎƘΦ ± ǇǊǾƴƝƳ ƪǊƻƪǳ ŘƻŎƘłȊƝ ƪ ǎȅƴǘŞȊŜ 

ƭƛǇƛŘǻ ŀ ƧŜƧƛŎƘ ǇǊŜƪǳǊȊƻǊǻΦ aƴƻȌǎǘǾƝ ǎȅƴǘŜǘƛȊƻǾŀƴȇŎƘ ƭƛǇƛŘǻ ǎŜ ǇƻǎǘǳǇƴŠ ȊǾȅǑǳƧŜ 

s ŘƛŦŜǊŜƴŎƛŀŎƝ ƪŜǊŀǘƛƴƻŎȅǘǻΦ ±Ŝ ŘǊǳƘŞƳ ƪǊƻƪǳ Ƨǎƻǳ ǘȅǘƻ ǇǌƛǇǊŀǾŜƴŞ lipidy a jejich prekurzory 

sbaleny do ƭŀƳŜƭłǊƴƝŎƘ ǘŠƭƝǎŜƪ spolu s ƪŀǘŀōƻƭƛŎƪȇƳƛ ŜƴȊȅƳȅΣ Ƨŀƪƻ Ƨǎƻǳ ƭƛǇłȊȅ ŀ ǇǊƻǘŜłȊȅΦ 

[ŀƳŜƭłǊƴƝ ǘŠƭƝǎƪŀ Ƨǎƻǳ ǎŜƪǊŜǘƻǊƴƝ ƻǊƎŀƴŜƭȅΣ ƪǘŜǊŞ ǳƳƻȌƶǳƧƝ ǘǊŀƴǎǇƻǊǘ ōŀǊƛŞǊƻǾȇŎƘ ƭƛǇƛŘǻ ƴŀ 

ƳƝǎǘƻ ƧŜƧƛŎƘ ǇƻǘǌŜōȅΦ 5ŜŦŜƪǘȅ Ǉǌƛ ǘǾƻǊōŠ ǘŠŎƘǘƻ ƻǊƎŀƴŜƭ ȊǇǻǎƻōǳƧƝ ƘŀǊƭŜƪȇƴǎƪƻǳ ƛŎƘǘȅƽȊǳΣ 

ƴŜƧǘŠȌǑƝ ŦƻǊƳǳ ƛŎƘǘȅƽȊȅΣ ƪǘŜǊł ǾŜŘŜ ƪ ƘƭǳōƻƪȇƳ ŘŜŦŜƪǘǻƳ Ǿ ƪƻȌƴƝ ōŀǊƛŞǌŜ ŀ ƧŜƧƝ ƴŜƧǘŠȌǑƝ 

ŦƻǊƳŀ ƴŜƴƝ ǎƭǳőƛǘŜƭƴł ǎŜ ȌƛǾƻǘŜƳΦ91 tǌƝőƛƴƻǳ ǘŠŎƘǘƻ ŘŜŦŜƪǘǻ ƧŜ ƳǳǘŀŎŜ Ǿ ǘǊŀƴǎǇƻǊǘƴƝƳ 

proteinu ABCA12.92 Ve tǌŜǘƝƳ ƪǊƻƪu jsou ƭŀƳŜƭłǊƴƝ ǘŠƭƝǎƪŀ transportƻǾłƴŀ do ƴŜƧǎǾǊŎƘƴŠƧǑƝ 

vrstvy stratum granulosumΣ ƪŘŜ ǘȅǘƻ ƻǊƎŀƴŜƭȅ ǎǇƭȇǾŀƧƝ ǎ ǇƭŀȊƳŀǘƛŎƪƻǳ ƳŜƳōǊłƴƻǳ ŀ ƧŜƧƛŎƘ 

ƻōǎŀƘ ǎŜ ǾȅƭŞǾł Řƻ ǇǊƻǎǘƻǊǳ ƴŀ ƘǊŀƴƛŎƛ stratum granulosum ŀ {/Φ tƻǎƭŜŘƴƝƳ ƪǊƻƪŜƳ ƧŜ 
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ǇǌŜƳŠƴŀ ǇƻƭłǊƴƝŎƘ ǇǊŜƪǳǊȊƻǊǻ ƴŀ ƪƻƴŜőƴŞ ƴŜǇƻƭłǊƴƝ ƭƛǇƛŘȅΦ ¢ŀƪǘƻ Ƨǎƻǳ ƎlukosylCer a 

ǎŦƛƴƎƻƳȅŜƭƛƴȅ ǇǌŜǾŜŘŜƴȅ ƴŀ /ŜǊ ǇƻƳƻŎƝ ƎƭǳƪƻŎŜǊŜōǊƻǎƛŘłȊȅ ƴŜōƻ ǎŦƛƴƎƻƳȅŜƭƛƴłȊȅ ŀ 

ŦƻǎŦƻƭƛǇƛŘȅ ƴŀ ƳŀǎǘƴŞ ƪȅǎŜƭƛƴȅ ǇƻƳƻŎƝ ŦƻǎŦƻƭƛǇłȊ.39 

3.3. YƻȌƴƝ ƻƴŜƳƻŎƴŠƴƝ ǎe ǎƴƝȌŜƴƻǳ ƘƭŀŘƛƴƻǳ acylCer 

U ǌŀŘȅ ƪƻȌƴƝŎƘ ƻƴŜƳƻŎƴŠƴƝ ōȅƭŀ ǇƻȊƻǊƻǾłƴŀ ǇƻǊǳǑŜƴł ƪƻȌƴƝ ōŀǊƛŞǊŀΦ !ōȅ ōȅƭƻ ƳƻȌƴŞ ȊƧƛǎǘƛǘΣ 

Ƨŀƪ Ǿƭŀǎǘƴƻǎǘƛ ƭƛǇƛŘǻ ƻǾƭƛǾƶǳƧƝ ǎǇǊłǾƴƻǳ ŦǳƴƪŎƛ ƪƻȌƴƝ ōŀǊƛŞǊȅΣ ƧŜ ǇƻǘǌŜōŀ Ȋƴłǘ ƧŜƧƛŎƘ ǎƭƻȌŜƴƝ ŀ 

ƻǊƎŀƴƛȊŀŎƛ όƭŀƳŜƭłǊƴƝ ƛ ƭŀǘŜǊłƭƴƝύ ǾŜ {/Φ ¢ȅǘƻ ƛƴŦƻǊƳŀŎŜ ƴłƳ ǇƻǘŞ ƳƻƘƻǳ ǇƻƳƻŎƛ ƻōƧŀǎƴƛǘ 

ƳŜŎƘŀƴƛǎƳȅΣ ǇƻŘƝƭŜƧƝŎƝ ǎŜ ƴŀ ȊƳŠƴŠ ǾŜ ǎƭƻȌŜƴƝ ƭƛǇƛŘǻΣ ǇǌƝǇŀŘƴŠ ƧŜƧƛŎƘ ƻǊƎŀƴƛȊŀŎƛΣ ƪǘŜǊŞ 

ƴłǎƭŜŘƴŠ ǾŜŘƻǳ ƪŜ ǎƴƝȌŜƴŞ ŦǳƴƪŎƛ ƪƻȌƴƝ ōŀǊƛŞǊȅΦ aŜȊƛ ƴŜƧőŀǎǘŠƧƛ ǎŜ ǾȅǎƪȅǘǳƧƝŎƝ ƪƻȌƴƝ 

ƻƴŜƳƻŎƴŠƴƝ ǇŀǘǌƝ ŀǘƻǇƛŎƪł ŘŜǊƳŀǘƛǘƛŘŀΣ ǇǎƻǊƛłȊŀ ƴŜōƻ ƭŀƳŜƭłǊƴƝ ƛŎƘǘȅƽȊŀΦ 

3.3.1. !ǘƻǇƛŎƪł ŘŜǊƳŀǘƛǘƛŘŀ ό!5ύ 

AD je ǊŜŎƛŘƛǾǳƧƝŎƝ ŎƘǊƻƴƛŎƪŞΣ ȊłƴŠǘƭƛǾŞ ƻƴŜƳƻŎƴŠƴƝΣ ƪǘŜǊŞ ƧŜ ŎƘŀǊŀƪǘŜǊƛȊƻǾłƴƻ ȊŀǊǳŘƴǳǘƝƳΣ 

ǾȅǎȅŎƘłƴƝƳ ŀ ǎǾŠŘŠƴƝƳ ƪǻȌŜΦ93 Postihuje kolem 15 ҈ ōŠƭƻǑǎƪȇŎƘ ŘŠǘƝ ŀ ǇǌƛōƭƛȌƴŠ н ς 10 % 

ŘƻǎǇŠƭȇŎƘΣ ŀƭŜ ƳƝǊŀ Ǿȇǎƪȅǘǳ ǎŜ ǎǘłƭŜ ȊǾȅǑǳƧŜΣ ǇǌŜǾłȌƴŠ Ǿ ǊƻȊǾƛƴǳǘȇŎƘ ȊŜƳƝŎƘΦ94-97 V ŘƴŜǑƴƝ 

ŘƻōŠ ƧŜ !5 ƧŜŘƴƝƳ Ȋ ƴŜƧǾƝŎŜ ǎǘǳŘƻǾŀƴȇŎƘ ƪƻȌƴƝŎƘ ƻƴŜƳƻŎƴŠƴƝΦ ¦ ǇŀŎƛŜƴǘǻ ǎ AD bylo 

ǇƻǑƪƻȊŜƴƝ Ǿ ƪƻȌƴƝ ōŀǊƛŞǌŜ ƴŀƭŜȊŜƴƻ Ƨŀƪ Ǿ ƭŞȊƝŎƘΣ ǘŀƪ ƛ ƳƛƳƻ ƴŠΣ ǎ ǊǻȊƴȇƳ ǎǘǳǇƴŠƳ 

ȊłǾŀȌƴƻǎǘƛΦ18, 98-99 tǌƝőƛƴŀ ǾȊƴƛƪǳ !5 ŘƻǎǳŘ ƴŜōȅƭŀ ǇǌŜǎƴŠ ƻōƧŀǎƴŠƴŀΦ WŜŘƴƻǳ Ȋ ǇǌƝőƛƴ ƧŜ 

ƎŜƴŜǘƛŎƪł ǇǊŜŘƛǎǇƻȊƛŎŜ Ǉǌƛ mutaci v ƎŜƴǳ ǇǊƻ ŦƛƭŀƎƎǊƛƴΣ ŀǾǑŀƪ Ǌƻƭƛ ƘǊŀƧŜ ƛ ƛƳǳƴƻƭƻƎƛŜ ŀ ǾƭƛǾȅ 

z ƻƪƻƭƝΦ100-102 V ǇƻǎƭŜŘƴƝ ŘƻōŠ ǎŜ ǊƻǾƴŠȌ ǳƪŀȊǳƧŜΣ ȌŜ !5 ǇǌƛǎǇƝǾł ƪ ǊƻȊǾƻƧƛ ŀƭŜǊƎƛƝ ƴŜōƻ 

astmatu.103 

¦ ǇŀŎƛŜƴǘǻ ǎ !5 ōȅƭƻ ƴŀƭŜȊŜƴƻ ǎƴƝȌŜƴŞ ŎŜƭƪƻǾŞ ƳƴƻȌǎǘǾƝ ƭƛǇƛŘǻ ǾŜ {/Φ ½ /ŜǊ ōȅƭȅ ǇƻȊƻǊƻǾłƴy 

ƴŜƧǾŠǘǑƝ ȊƳŠƴȅ ǳ Cer EOS ŀ /ŜǊ btΣ ƪǘŜǊŞ ōȅƭȅ ŘŜǘŜƪƻǾłƴȅ Ǿ ǎƛƎƴƛŦƛƪŀƴǘƴŠ ƴƛȌǑƝƳ ƳƴƻȌǎǘǾƝΦ 

bŀƻǇŀƪ ŘƻǑƭƻ ƪ ǊŜƭŀǘƛǾƴƝƳǳ ƴłǊǻǎǘǳ ƳƴƻȌǎǘǾƝ /ŜǊ b{Σ !{ ŀ !tΦ104-107 wƻǾƴŠȌ ōȅƭƻ ƴŀƭŜȊŜƴƻ 

ƳƴƻƘŜƳ ǾȅǑǑƝ ƳƴƻȌǎǘǾƝ /ŜǊ ŀ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ǎŜ ȊƪǊłŎŜƴȇƳƛ ǌŜǘŠȊŎƛΦ ¦ ƪȅǎŜƭƛƴ ǇǌŜǾŀȌƻǾŀƭŀ 

ŘŞƭƪŀ мс ς му/Σ ƴŀƳƝǎǘƻ ȊŘǊŀǾȇŎƘ ƧŜŘƛƴŎǻΣ ƪŘŜ ǇǌŜǾŀȌǳƧƝ ƪȅǎŜƭƛƴȅ ǎ 24 ς 26C a bylo nalezeno 

ǎƛƎƴƛŦƛƪŀƴǘƴŠ ȊǾȇǑŜƴŞ ƳƴƻȌǎǘǾƝ ǇƻƭȅƴŜƴŀǎȅŎŜƴȇŎƘ ƪȅǎŜƭƛƴΣ ŎƻȌ ƳǻȌŜ ƴŀȊƴŀőƻǾŀǘ ǇǌƝǘƻƳƴƻǎǘ 

ȊłƴŠǘǳ ƴŜōƻ ƳƛƪǊƻōƛłƭƴƝ ŀƪǘƛǾƛǘȅΦ108-110 

½ƪǊŀŎƻǾłƴƝ ŘŞƭƪȅ ǌŜǘŠȊŎǻ /ŜǊ ŀ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ǳ !5 ǾŜŘŜ ƪŜ ǎƴƝȌŜƴƝ ƳŜȊƛǊƻǾƛƴƴŞ 

ǾȊŘłƭŜƴƻǎǘƛ Ǿ LPP a ke ȊƘƻǊǑŜƴƝ tvorby LPPΣ ŎƻȌ ǎŜ ǇǊƻƧŜǾǳƧŜ ƴŜƎŀǘƛǾƴŠ ƴŀ ōŀǊƛŞǊƻǾƻǳ ŦǳƴƪŎƛ 

ƪǻȌŜΦ9, 111 {ƴƝȌŜƴŞ ƳƴƻȌǎǘǾƝ ŀŎȅƭ/ŜǊ ƴŜǾŜŘŜ ǇƻǳȊŜ ƪŜ ȊƘƻǊǑŜƴƝ ǘǾƻǊōȅ [ttΣ ŀƭŜ ƛ ƭŀǘŜǊłƭƴƝ 

ƻǊƎŀƴƛȊŀŎŜ ƧŜ ȊŀǎŀȌŜƴŀΥ .ȅƭƻ ǇƻȊƻǊƻǾłƴƻ ȊǾȇǑŜƴŞ ƳƴƻȌǎǘǾƝ ƘŜȄŀƎƻƴłƭƴƝƘƻ ǳǎǇƻǌłŘłƴƝ ƭƛǇƛŘǻ 

ƴŀ ǵƪƻǊ ƻǊǘƘƻǊƘƻƳōƛŎƪŞƘƻΦ112 
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3.3.2. tǎƻǊƛłȊŀ 

tǎƻǊƛłȊŀ ƧŜ ŎƘǊƻƴƛŎƪŞ ȊłƴŠǘƭƛǾŞ ƻƴŜƳƻŎƴŠƴƝ ƪǻȌŜΣ ƪǘŜǊŞ ƧŜ ŎƘŀǊŀƪǘŜǊƛȊƻǾłƴƻ ƴŀŘƳŠǊƴƻǳ 

ŜǇƛŘŜǊƳłƭƴƝ ǇǊƻƭƛŦŜǊŀŎƝ ŀ ƴŜƪƻƳǇƭŜǘƴƝ ŘƛŦŜǊŜƴŎƛŀŎƝ ōǳƴŠƪΦ ± ȊłǇŀŘƴƝŎƘ ȊŜƳƝŎƘ ƧŜ ǘƝƳǘƻ 

ƻƴŜƳƻŎƴŠƴƝƳ ǇƻǎǘƛȌŜƴƻ ƻƪƻƭƻ н ҈ ƭƛŘƝΦ tǌƝőƛƴŀ ǇǎƻǊƛłȊȅ ǘŀƪŞ ƴŜƴƝ ƧŜŘƴƻȊƴŀőƴŠ ǇǊƻƪłȊłƴŀΣ 

ǇǊŀǾŘŠǇƻŘƻōƴŠ ǎŜ ƧŜŘƴł ƻ ƛƳǳƴƻƭƻƎƛŎƪƻǳ ǇƻǊǳŎƘǳΣ ŀǾǑŀƪ ƳƻȌƴŞ Ƨǎƻǳ ƛ ŘŀƭǑƝ ǇǌƝőƛƴȅΦ113-115 

tǌƛ ŀƴŀƭȇȊŜ ƭƛǇƛŘǻ {/ ǳ ǇŀŎƛŜƴǘǻ ǎ ǇǎƻǊƛłȊƻǳ ōȅƭƻ ƴŀƭŜȊŜƴƻ ǎƴƝȌŜƴŞ ƳƴƻȌǎǘǾƝ Cer EOS, NP a 

!tΣ ȊŀǘƝƳŎƻ /ŜǊ !{ ŀ b{ ōȅƭȅ ƴŀƭŜȊŜƴȅ ǾŜ ǾŠǘǑƝƳ ƳƴƻȌǎǘǾƝ ƻǇǊƻǘƛ ȊŘǊŀǾȇƳ ƧŜŘƛƴŎǻƳ. Bylo 

ǇƻȊƻǊƻǾłƴƻ ƛ őłǎǘŜőƴŞ ȊƪǊłŎŜƴƝ ǌŜǘŠȊŎǻ ƭƛǇƛŘǻΦ ¢ŀǘƻ ȊƳŠƴŀ ǾŜ ǎƭƻȌŜƴƝ ǾŜŘŜ ƪŜ ȊǾȇǑŜƴȇƳ 

ȊǘǊłǘłƳ ǾƻŘȅ ǇǌŜǎ ƪǻȌƛΥ Ǿ ƳƝǎǘŜŎƘ ǇƻƪǊȅǘȇŎƘ ǑǳǇƛƴŀǘƻǳ ƪǻȌƝ ƧŜ ǘŀǘƻ ȊǘǊłǘŀ ȊǾȇǑŜƴŀ н ς о ƪǊłǘΣ 

Ǉƻ ƻŘǎǘǊŀƴŠƴƝ ǑǳǇƛƴ ƧŜ ȊǾȇǑŜƴŀ ŘƻƪƻƴŎŜ с ƪǊłǘΦ19 V ƭŀƳŜƭłǊƴƝ ƻǊƎŀƴƛȊŀŎƛ ƪǻȌŜ ōŜȊ ƭŞȊƝ ƴŜōȅƭŀ 

ƴŀƭŜȊŜƴŀ ȌłŘƴł ȊƳŠƴŀ ƻǇǊƻǘƛ ȊŘǊŀǾŞ ƪǻȌƛΣ ŀƭŜ Ǿ ƳƝǎǘŠ ƭŞȊƝ ŘƻŎƘłȊƝ ƪ ǊŜŘǳƪŎƛ ǇǌƝǘƻƳƴƻǎǘƛ [ttΣ 

ǇǌƝǇŀŘƴŠ ŀȌ ƧŜƧƝƳǳ ǾȅƳƛȊŜƴƝΦ 

3.3.3. [ŀƳŜƭłǊƴƝ ƛŎƘǘȅƽȊŀ ό[Lύ 

[L ƧŜ ŀǳǘƻǎƻƳłƭƴŠ ǊŜŎŜǎƛǾƴƝ ǇƻǊǳŎƘŀ όŀōǎŜƴŎŜ ŜƴȊȅƳǳ ǘǊŀƴǎƎƭǳǘŀƳƛƴłȊȅ мύΣ ƪǘŜǊł ǎŜ 

ǾȅǎƪȅǘǳƧŜ ǳ ǇǌƛōƭƛȌƴŠ м őƭƻǾŠƪŀ Ȋ слл ǘƛǎƝŎ ŀ ƧŜ ǾƛŘƛǘŜƭƴł ƘƴŜŘ Ǉƻ ǇƻǊƻŘǳ όŘŠǘƛ ǎŜ ǊƻŘƝ Ƨŀƪƻ 

ǘŀƪȊǾŀƴŞ ƪƻƭƻŘƛƻǾŞ ŘŠǘƛ ŀ Ƨǎƻǳ Ǉƻ ǇƻǊƻŘǳ ǇƻƪǊȅǘŞ ǾǊǎǘǾƻǳΣ ǇǌƛǇƻƳƝƴŀƧƝŎƝ ǾŀȊŜƭƝƴǳύ ŀ ȊǻǎǘłǾł 

Ǉƻ ŎŜƭȇ ȌƛǾƻǘΦ  tǊǻǾƻŘƴƝƳ ƧŜǾŜƳ ƧŜ ǑǳǇƛƴŀǘŠƴƝ ƪǻȌŜΣ ȊǇǻǎƻōŜƴŞ ƘȅǇŜǊƪŜǊŀǘƛƴƽȊƻǳΣ ƪǘŜǊŞ ǎŜ 

s ǇǌƛōȇǾŀƧƝŎƝƳ ǾŠƪŜƳ ǎƻǳǎǘǌŜŘƝ Řƻ ƻōƭŀǎǘƝ ƪƭƻǳōǻΦ116-117 

±Ŝ ǎƭƻȌŜƴƝ ƭƛǇƛŘǻ ǳ [L ōȅƭƻ ƴŀƭŜȊŜƴƻ ǎƴƝȌŜƴŞ ƳƴƻȌǎǘǾƝ Cer EOS a NP20 ŀ ȊłǊƻǾŜƶ ǎƴƝȌŜƴȇ 

ǇƻƳŠǊ ƳŀǎǘƴȇŎh kyselin k ŎƘƻƭŜǎǘŜǊƻƭǳ ŀ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ƪ ŎŜƭƪƻǾȇƳ /ŜǊΣ ŎƻȌ ƴŀȊƴŀőǳƧŜ 

ǎƴƝȌŜƴŞ ƳƴƻȌǎǘǾƝ ǾƻƭƴȇŎƘ ƳŀǎǘƴȇŎƘ ƪȅǎŜƭƛƴ ǾŜ {/Φ118 V ƭŀƳŜƭłǊƴƝƳ ŀ ƭŀǘŜǊłƭƴƝƳ ǳǎǇƻǌłŘłƴƝ 

ōȅƭȅ ǊƻǾƴŠȌ ƴŀƭŜȊŜƴȅ ȊƳŠƴȅΥ 5ƻǑƭƻ ƪŜ ȊƪǊłŎŜƴƝ ƭŀƳŜƭłǊƴƝŎƘ ŦłȊƝ ŀ ǾƝŎŜ ƭƛǇƛŘǻ ǎŜ ǳǎǇƻǌłŘłǾł 

Řƻ ƳŞƴŠ ǘŠǎƴŞƘƻΣ ƘŜȄŀƎƻƴłƭƴƝƘƻ ǳǎǇƻǌłŘłƴƝ ƴŀ ǵƪƻǊ ƻǊǘƘƻǊƘƻƳōƛŎƪŞƘƻΣ ŎƻȌ ǎƴƛȌǳƧŜ ŦǳƴƪŎƛ 

ƪƻȌƴƝ ōŀǊƛŞǊȅΦ119 
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4. ±ȇǎƭŜŘƪȅ 

4.1. {ȅƴǘŞȊŀ ƭƛŘǎƪȇŎƘ acylCer s ultra-ŘƭƻǳƘȇƳ ǌŜǘŠȊŎŜƳ 

hōǊłȊŜƪ мм ǳƪŀȊǳƧŜ ǎǘǊǳƪǘǳǊǳ ŀ ǊŜǘǊƻǎȅƴǘŜǘƛŎƪȇ ǊƻȊōƻǊ ƳƻƭŜƪǳƭ ŀŎȅƭ/ŜǊΦ [ƛƴƻƭƻǾł ƪȅǎŜƭƛƴŀ ƧŜ 

ƪƻƳŜǊőƴŠ ŘƻǎǘǳǇƴłΣ ǎǘŜƧƴŠ ǘŀƪ ǎŦƛƴƎƻǎƛƴΣ ŦȅǘƻǎŦƛƴƎƻǎƛƴ ŀ ŘƛƘȅŘǊƻǎŦƛƴƎƻǎƛƴΦ с-

ƘȅŘǊƻȄȅǎŦƛƴƎƻǎƛƴ ōȅƭ ǇǌƛǇǊŀǾŜƴ Ǿ ǊłƳŎƛ ƧƛƴŞƘƻ ǇǊƻƧŜƪǘǳ ƳƻŘƛŦƛƪƻǾŀƴȇƳ ǇƻǎǘǳǇŜƳΣ 

ǇƻǇǎŀƴȇƳ Ǿ literatuǌŜΦ120 YƭƝőƻǾƻǳ őłǎǘƝ ƳƻƭŜƪǳƭȅ ƧŜ он-ƘȅŘǊƻȄȅŘƻǘǊƛŀƪƻƴǘŀƴƻǾł ƪȅǎŜƭƛƴŀΣ 

ƧŜƧƝȌ ŘŞƭƪŀ ǎŜ ƴŜƧőŀǎǘŠƧƛ ǾȅǎƪȅǘǳƧŜ Ǿ acylCer.121-122 

 

hōǊłȊŜƪ ммΦ {ǘǊǳƪǘǳǊŀ ŀ ǊŜǘǊƻǎȅƴǘŞȊŀ ƭƛŘǎƪȇŎƘ ŀŎȅŎŜǊŀƳƛŘǻ 

{ȅƴǘŞȊŀ ǾȅŎƘłȊŜƭŀ Ȋ 16-ōǊƻƳƻƘŜȄŀŘŜƪŀƴƻǾŞ ƪȅǎŜƭƛƴȅΣ ƪǘŜǊł ƧŜ ƪƻƳŜǊőƴŠ ŘƻǎǘǳǇƴł ŀ 

ǇƻƳŠǊƴŠ ƭŜǾƴłΦ bŀǇƻǇǊǾŞ ƧǎƳŜ ǎŜ Ǉƻƪǳǎƛƭƛ Ȋ ƧŜŘƴŞ ƳƻƭŜƪǳƭȅ ǾȇŎƘƻȊƝ ƪȅǎŜƭƛƴȅ όǇƻ ƧŜƧƝ ǊŜŘǳƪŎƛ 

na alkohol 1 ŀ ƻŎƘǊłƴŠƴƝ ƴŀ ǇǊƻŘǳƪǘ 2) ǇǌƛǇǊŀǾƛǘ DǊƛƎƴŀǊŘƻǾǳ ǎƭƻǳőŜƴƛƴǳΣ ƪǘŜǊł ōȅ ǊŜŀƎƻǾŀƭŀ 

s ǾȇŎƘƻȊƝ ƪȅǎŜƭƛƴƻǳ Ȋŀ ǇƻŘƳƝƴŜƪ ǊŜŀƪŎŜΣ ƪŀǘŀƭȅȊƻǾŀƴŞ [ƛ2CuCl4 όhōǊłȊŜƪ мн). Tato reakce 

byla v ƭƛǘŜǊŀǘǳǌŜ ǇƻǇǎłƴŀΣ25, 123 ŀǾǑŀƪ ƴŜǇƻŘŀǌƛƭƻ ǎŜ ƴłƳ Ƨƛ ǊŜǇǊƻŘǳƪƻǾŀǘ ƴŀ ǘŀƪǘƻ ŘƭƻǳƘȇŎƘ 

ƳƻƭŜƪǳƭłŎƘΣ ƪȅǎŜƭƛƴŀ 3 ƴŜǾȊƴƛƪƭŀΦ ½ƳŠƴŀ ǇƻǌŀŘƝ ǊŜŀƎŜƴǘǻ όDǊƛƎƴŀǊŘƻǾŀ ǎƭƻǳőŜƴƛƴŀ 




































































































































































