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1n 22 NN ITUHIUAIMTILUY stripped skin adtaTailndundiduslulaindadan
an'las (DMSO) O uaadpBaitladiiun A usainiafila@iin uaz @ uaaINATINDBIETAR

) - - . L] 1] “l [} J
Tnfunuazniaiila@idin 'luuﬂazi;mmmmmn WD EIUUUIATTIUNDEIMTNARDY 34
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o
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Cumulative amount( pmollcmz)

Time (h)
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fh 23 nrnITudufavwilauuy  stripped  skin vosasfilndiundeduslusaiuus

(mineral oil) O usaeTailafiiun A ussinIailla@fin ur: @ uanInRIINVBIDTRIIR
- - i dn [ ] J [ ‘ &
fuunuszninfiladiin ludrcgaurniduado HUDBILUINATIIUISIMINARDS 34 AT9
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ol ' - a . . o af = d a e - 4
U 24 nrmIBusuiawdiuuy stripped skin vadsBafiladuunddudatuirduni
(mineral oif) O uamdadaiiladiun A usantafile@fin us: @ uaainaTuveAadailla
- -~ - [] L] A ] J z
flunuazniadila@fin Iuudazyauansdnaio srumdoiuunasgiueaimmasas 34 A3

INNTNA 14-24 uaasl¥fuinnsuriufinniivesiedafilnfiundin stripped
skin 'luqnmsa:mu'?'ih'fmmm*‘iuﬁwﬁmﬁ'ﬂﬁ'ﬁaun:iiﬂ’:mmﬁg«n‘hnﬂﬁ intact skin
minm 57 uivdauaadlWiiuiimduiuRovitiesetaiiladuniuil  stratum
comeum \lu rate limiting step AILANMIUNTHINVEIRLUTIFRIME Faradand
NONARBINUIIEITUYEY Ngawhirunpat URzATLE (4) USRS Rittirod WRzAME (28) NN
MU UAHANTIINAMUTUIBINTING steady-state uazihaniUFsuifiouyasts
wisflediun  nwafiledfin  ussnaTavvaMaedaRlnfiunuszniniilndfin luusia:
mmzmummmqﬂﬁ'amﬂqﬁ 3 Falummaasninsdandwsanuaiuelsvidenau
vamaedaRlafunuszniafiladfinAoufsufinudanamnafnunvelaide
fafumsfudiulaniidvasdainn lumsszanvedne g woneINRGIVIINIE W
fulszinEmsfucdhufmmvesdamlndmhassoudazsiadsdnamnn  dandm
Ewihaidndvasnsuesmaetafilafiiunussniafiladfindufianisasansludarm
AEALIH e
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J B - ) - ) . ¥ .1 - ) [
TN 3 Wandvesedailladun (EN) niafila@fin (NA) usswaTiuvaatailafiu
- - - w g ] . . . Lo - of
nuaznsafila@fin(Total) :INFIMIRza1061I9HIN stripped skin  uRzRNUsERINTNIT

dusaanaTwadataiiladiunuazniaiilafinninavazaoda g

vehicles Flux (pmollcm2 per hour) Prota

EN NA Total NA/Total (cm/h)
Water 83.1+7.38 151 +042 | 962+79 0.16 + 0.05 352+0.14 x 10"
PBS 74 85.2 + 8.7 147+ 048 | 99.2+94 0.15 + 0.04 401 +0.13 x 10"
Methanol 1068 +98 | 1.32+048 | 1082+ 10.1 | 0.012 + 0.003 | 1.06 + 0.29 x 10°
Ethanol 138.3 + 10.2 | 1.67 + 0.47 | 140.1 + 10.8 | 0.012 + 0.001 | 9.25 + 0.74 x 107 ]
Propanol 1351 + 111 | 142+ 052 | 1364 + 11.6 | 0.010 + 0.001 | 6.09 + 0.44 x 10"
PG 48.2 + 422 | 143 + 0.81 625 + 5.2 0.23 + 0.04 5.21 + 0.75 x 10"
PEG 400 894+79 151 +0.72 | 104.5 + 8.2 0.14 + 0.05 6.52 + 0.51 x 107
iPM 128.1 + 10.1 | 16.1 + 0.82 | 144.2 + 10.9 0.11 + 0.07 1.31 +0.17 x 10°
DMSO 188.7 + 11.2 | 0.92 + 0.07 | 190.1 + 11.3 | 0.005 + 0.0005 | 7.31 + 0.11 x 107
Mineral oil 121 +0.12 | 13.3+0.11 | 254 + 042 0.52 + 0.07 -
Ethyloleate | 20.1 +1.11 | 141 +0.09 | 432+ 13 0.33 + 0.09 3.67 + 0.77 x 10

NATIA 3 xwuiWandueaetaiilafiundtinu stripped skin ludrazausdng
mu“nm‘imﬁw‘fuﬁ'ad Dimethyl sulfoxide > Ethanol >Propanol > Isopropyl myristate >
Methanol > Polyethylene glycol 400 > Phosphate buffer 7.4 > Water > Propylene glycol
> Ethyl oleate > Mineral ol WuiWanduasnsaRlaaiinludariazanodne giuld
lnﬁtﬁuaﬁuﬁaag'lwﬁw 13.5-16.6 pmol.'cm2 per hour Siorauaaslitiuirereininiia
mIBusivaImumueian Wwimiidimmearsasansm

manToBudunaldinmrmsaneuasuatsutulaluSiuavasfianis

(metabolic  saturation)
UAzIzWUN
miauaiauludavinssane Ethanol, Methanol, Propanol , Dimethyl sulfoxide fisen
mmﬁﬂa'mqmam'fﬁmaaﬁ"mﬁa:mulum:ﬁ'u:?amﬂﬁmumuaﬁﬁu'luﬁwﬁ'enaﬂwm

notsfilnfiunuazniniiladin  dwivdvdndvesnaTinraamietafilafitunuaznia
fladRmiunuirfinsFosdrdufiaaandasiulunsBurituas intact skin §aftl Dimethyl
sulfoxide> Isopropyl myristate > Ethanol> Propanol> Methanol> Polyethylene glycol 400
> Water > Propylene glycol> Ethyl oleate > Mineral oil 1uﬁdv:1.l.iuﬁumﬁuuqm
Tanmadumsiiimifurinnyasnhazaruea 9iitod9n stripped skin fia Aankafifingg

o -l . e - o o ' - - -
Aian stratum corneum aanlUalumangejarfudszintmsfuriusssetafilafiiun
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[ [ . - - o w . o f - . .y
mﬂnmﬁmnu E]U'\-ﬂ‘liﬁﬂ'uﬁl:uﬂﬂﬂUﬂ'\ﬂf}mﬂuﬂﬂ'ﬂi]\'lﬂ')ﬂ"lﬂ:ﬂﬁUﬂuﬂnﬂ'\\'lnuﬂ'ﬂ.“ﬂ'\
. P J 1 - " - - . . ] . ¥
fudszfindmsBurufimiiveedailladualu stripped skin duandranu

4. m3AnsM e vaaan lnivitlaslalaludive

NaNTANENIRNaILaRFN luATAzRIBA1 gWUN La‘ﬁaﬂTnﬁmmﬁagmumuaﬁ
sulflumualarie  niefilad@fin lumamesssimaduunsmvvasmsaariiinag
waswwasnnadsiilafuniuniaiiledfin - anlulusdedisdfasdouil) uazay
[utuvasiedaitledundalfdavnazandn qﬁ'u'lﬁ'namsmﬂaouam‘ld‘lunﬂwwﬁ
24-34 Hydarnsdasuulssnnetsiladuniiunsafiladfindwaldan anautu
vasnTdadvuiusznisdiinueiailedumiinaniouaziamflilumsviali
WelnTen

TunTnfl 25-35 mansolsaums Michaelis-menten afinulddaianimnduduras
La‘ﬁaiﬂnﬁmmﬁiuga'ffumnumuaﬁﬂua:tﬁuﬁuuaza:ﬁmﬁmﬁtﬁaﬂ'z'\mi’uﬁ'waota‘ia
ﬁtﬂamnga"ffu Tagannsinmmassafasdulinunmalasuulasesiatailofin
nilunsafiladfinludviazasudezimandsnulsadonauaslulalodive  Foesri
miswawiniimaimisaumaairasadailefuunlulaluSivavasfinisldfa
é’ﬂﬂﬁdgaqw’lumnﬂ'ﬁ"umuJmmnw'ﬁaﬁtnﬁmmi‘]unmﬁ'[ﬂﬁﬁn (Vo) HEZFNAITTES
Michaelis-Menten (K.,) FadreansnuandluatTof 4

PnuamiansmIialalatladsvosadafilafiunlulaluiiualaslSaavinazan
ci'lafjnﬂnlﬁ 23-3¢ uaz TN 4 wui ludarhezasfie Dimethyl sulfoxide, Ethanol,
Propanol WAz Methanol WIFINTOMUIMAT Voo AT Ko, 'lﬁ‘tﬁminn'lﬂa‘jmign
wasuwasmasetsitlndwnduniafiledfinlédinammesasdindiseansosiy
T8O Oh uazAme (8) Farinmmmasaumitialalasladauay p-hydroxybenzoate 1u
lalufuavasfiomiomy wuinemuesfieadudu 10 wefisudduwllmunsndudons
\inlalasledaues p-hydroxybenzoate Iulaludiumvasfimitanyld uiisaviimmesas
manututuiidusinnialalerladsvesmazmomiiiso ludmemonudsludm
Wi dwiusariarsudugileld PBS 7.4 (HuAn7uaa (control) WUTNAT Ve, W82 K,
lLiwendniuuninuassidamesaomil lifinadonszrwnstiudifawauedauln
Al



novesR inzowsonnFushuunsunwefouvesoinid ladmnlulimlmy a8

120
100
80
60
40
20

Hydrolysis rate (nmol/ml/min)

0 i 1 i J
0 5 10 15 20
EN concentration (mM)

- [ P - W om w - - - = -
an 25 AMUFUNUT TV T ITuwTusRTadlaTat laftunuasaari i luniafia
r -l L) - - :' [] ) J [] 3
lalasladalulalufiualudarmacaisfia ¥ luudazyaurasdnado sudoauuaiaigm
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plﬁ 26  anuFuRuiTTwIvanuduTuGydwanatatilafiiunuazda i lumsifia

lalaslsg@alulalufiualudviazanofis Wemwalwinasanudluniade 7.4 (PBS 7.4)
1 ] L] J L J z

uudazqeuansdnofy FIUDoAUMINATIINIBINTINARDY 34 AT
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N 27 evwdiuiEwieenuduiwiadussaisiledunuazsarihlumuiia
-~ hd [ 4 o [] ] J ] 1
lalatladnlulalafinaludhacaefio wrmues luudazgauaasdnais dudooun

f
ATFINVDINTIMAREY 34 A3
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N 28 enufunutEwIveuuTuGusuanadrilafiiunuazderuilumaiie
[ ol o ] [ J » J
lalaslagalulalufiunludazsofia emues luudszyaurnsdais  dwdisouu
&
IAIFIUVDINMINARDY 3-4 AT
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31J'?'| 29  aNUFUAUSIEWINauTLTuSuanvaeSailadfiunuazsariitumnia
lalaslagalulaludiualudaiazauiie  lolalwiwiues uudazgauanidinade  &w
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un 31 AMUFUNUTIEWI AU TuSuduTauaTafi ladiiunuazanimirlunmaia
lalasladislulalufiunludhazainfio Infietdulnanan (PEG 400) luudazyauaas
L) J 1] ] =
fafe EudsIuRINATPIUTaINMIMasd 34 a3
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WA 32 eanudniufwisenuduiuGuduaaaiailafiiunuazdasuilumia
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N | [
fakn AUdoIUuLINITIUYBINIINARDY 34 AT



maved Minzawsion SNz wa Ve R auva seTall InAumTuRaniny 42
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R 33 enudiusEwinennduiuiuduesadsilefiunuazdaruilumuia
lalasle@alulaluiiualudinasawfe  lawiadawanlad (OMsO) luudazyausas
' - ' - -
fuale EULIUWINaITIUIEININa8sd 3-4 AT
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-l - e " v W . o~ - - - o = -
W 34 enwfWuTTwiseuduTkSudusaatsiilediiunuazsaruiilumiia
- - w~ - ¥ e . . . s . ol »
lelasladalulalufinaludariazsiofie dduus (Mineral oil) luudazgausnsiiaiy u
- &
IgAUMINATIINDEINIINARSY 34 AT
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J h L ) A [ A. L - - - Lo = -
U 35 anmuisRuinwivenudviuGuduissaiailafiunuazdaniiilunafia
lalatladalulaluiiualudarazaudio teialafion (Ethyl oleate) luusinzaauaasditiasy

' - [ A
S NILUINATTIUYRININGREY 34 AT

A - - - -_—
#1377 4 Michaelis-Menten parameters v¥adlafafilafitunlunisfinmlalasladalanltla
lduasasrRivitsludavinazanuenag

vehicles Vinax Km
(nmol/ml/mg protein) {(mM)
Water 201.2+6.7 5.77 + 0.55
PBS 7.4 2025+ 6.5 5.84 + 0.45
Methanol ND ND
Ethanol ND ND
Propanol ND ND
PG 192.7 + 74 448 + 0.34
PEG 400 170.2 + 9.2 5.12 + 0.51
IPM 2054 +55 472 + 0.77
DMSO ND ND
Mineral oil 197.5 + 84 6.31 + 0.66
Ethyl oleate 2005 +55 9.97 + 0.79

ND = limusowiiuule
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lunsdifanuduiuwvaseafilodunlufimiindoundidr K, ¢ metabolic
clearance (Vig/(Km + C) R InMADINY Voo /Ky (AT TuTHvaI v N0 Ta it lnditun
Tufamiedn puuedailafiunfluwirimfwieniu rate-limiting step VasMsBurituvas
niafiladfin Lwil.ﬁaﬂ'nmi'uiwaaLa‘ﬁaﬁ‘[nﬁtumﬁuqn‘fu metabolic clearance I:AARI
uR:z rate-dimiting step waIMIButwzwEsuwanilumawmueiauvasadsiladiun
Talawrzatnabaudaiia metabolic saturation Wanduasnsaiiladfinalsdewvindy V.,
PINNITINATDUTOITUTIATHFUREAMUE (4) wudinsiia metabolic  saturation 1w
ﬁmﬁ'mg;tﬁa'ltha%aﬁhﬁmﬂumm:muf]a'lﬁ' (donor sotution) aaud 0.2 Tuariiueuly

Warnmmmeseumilesimudfesliifeansdudimafewauedsusenaiaile
aunlulalufinelas/fouwtsslofisuduasdninazany 4 viiefia Dimethyl sulfoxide,
Ethanol, Propanol UWa: Methanol IMNAMULTLTS 1, 5, 10,20, 50, 100 1w PBS 7.4 lagwn
1 Ve U8Z K, ldHamMInasauaansluaimif 5-8

@797 5 Michaelis-Menten parameters vadieFafiladunlunsfinulalasladalanltla
Tulauasfiawitsluumusannuiuiudraglu PES 7.4

Methanol Vimax Km
Concentration (%) (nmol/ml/mg protein) (mM)

0 2025 + 6.5 5.84 + 0.45
1 705 + 6.5 5.94 + 045
5 105 +6.5 2.94 + 045
10 ND ND

20 ND ND

50 ND ND

100 ND ND

J ) [ - - - [ -
TINATTUA § WU Vi V030TARIAGIUNTUNANI lalasladalanltTala’
- e -l - o [ ] [ A,
WMavasRwmzaeailatRua MUty o ruasuaad liiRwianuduTwYe UM
o - & - & - - [ & . v -
wasfiAntumnIndusinsifiaumusiseld  lummeasssiiwuitenudaiureaum

- & - - - - o - w  w
uaﬂﬂUUU\'ln']'nnﬂlNﬂ'“Jﬂﬂﬁlﬂﬂﬂﬂ'\dﬂﬂl&’fﬁl’u‘luﬂﬂ']'\ulﬂuﬂ“ﬂBdlumuaaﬂ’:lﬂm 10
wadiaue
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J -~ el ] [
@197 6 Michaelis-Menten parameters vadtafafiladunlumsdnunlaolatlagalayldla
Tudmavasfmtaluiamusaanudiutiud1s 9lu PBS 7.4

Ethanol Vmax K
Concentration (%) (nmol/ml/mg protein) (mM)

0 2025 + 6.5 5.84 + 0.45
1 505 + 3.5 494 + 0.23
5 85+22 1.94 + 0.75
10 ND ND

20 ND ND

50 ND ND
100 ND ND

PINMTIA 6 WU V., veneiaiiladiiunlunidnmnlalatladalasldlaled
wavasfiamisssansidiaiunnuidutuasamusausasliitiuitanututusas
aruesfRsueysnsusimafnweveiald  lummesssiiwudienadutuvas
mmuaaf’it'l'uti'.ln'mﬁmumuaﬁau"lﬁ'a:hmugnﬁﬁ'uﬁ'uﬁmwu'fu{fwaammuaaﬂszmm
10 Wafirud
@191971 7 Michaelis-Menten parameters vastodafilasitunlumidnmlalatladalanlsls
Tdwevasfamislulnswinoannuitiutudrs 9lu PBS 7.4

Propano! Vmex Km
Concentration (%) (nmol/mi/mg protein) {mM)

0 2025+ 6.5 5.84 + 0.35
1 56.2 +45 1.34 + 045
5 7.5+65 2.94 + 0.55
10 ND ND

20 ND ND

50 ND ND
100 ND ND

VIR 6 wudie V.., vesetaitlnamnlunsdnelalasladalenlslalud
wavasiwhinzanadoiunudutues Inswiuesuaasiiuitanuutureln
wneafiRsdiumansadudimaanweusisld Tunmesssiinudinnudutuesin
mwaaﬁ:T'u:fan‘mﬁnmumuaﬁau'ls‘fmhaaugstﬁt‘%uﬁuﬁmwLiuiwaawmuaa
Uszanmt 10 wefiudituniu
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@1719N 8 Michaelis-Menten parameters vadaaiiladiunlumsdnmlaletladalanlils
Trdwarasdmilulawsatananlod (DMSOMuintuaglu PBS 7.4

Dimethylsulfoxide Vmax Km
Concentration (%) (nmol/mi/mg protein) (mM)

0 2025+6.5 5.84 + 0.45
1 170.5 + 6.5 5.77 + 0.85
5 505+ 6.5 4.94 + 0.25
10 10.2 + 45 3.94 + 0.57
20 ND ND

50 ND ND
100 ND ND

NNATAN 8 Wy V., seneeiiledunlumisiinelaletladalasldlalud
WwavadRmIzaasdiaiunudutures OMSO uraslWiAuwinnuduiuvas DMSO
Avutumansadudinaiaweuadsuls lummeasasiiwuitanuiduduyes DMSO 7
ﬁ'u:'famsu.ﬁmumua‘ﬁau'le‘faLi'waugnﬁt‘éuﬁuﬁmwd’m‘fwaqmmuaaﬂs:mm 20
wWefioua
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V. una;ﬂuazﬁa LEWNDUWE

MEANIANWTRAVBINIVNRIRIBAIMITUH LRz VR ANV Taiilafiiun
) N o A :
'lumnumhsmmmm‘ﬂ'lﬂmu
1. ﬁﬁmmﬁ":ﬁmzmuﬁnadams"ﬁumuua:mmua‘ﬁauwaam‘ﬁaﬁ'[ﬂﬁLun'lur‘-'nuﬁlm-:lx
2. Stratum corneum (% rate-limiting step lunmsdurtufiantsvodatafiladiunlufiwila
nu
u R .
3. vT'Jﬁ'm:muﬁﬁqru.tmuﬂ'lumns'am':'iumuﬁ'muwaaLa‘i‘iaﬁ'[ﬂﬁmmﬁauﬁumﬁuunu
1o Ethyl oleate LR isopropyl myristate
4. mﬁ'\a:munﬂqmauum'luuuuom'nnmumuaafm'uaamﬁau'[ﬂmun'lumnmmpa
methanol, ethanol, propanol us: dimethyl sulfoxide Tasanututuvas methanol,
d - = -~ -~ »
ethanol, propanol W&t dimethyl sulfoxide 17'1mmmuummnnmumuaaauammmdmf
'luTaTuﬁmmaoﬁ'mﬁmhsﬁaﬁmwn‘fuﬁ'u 10.10,10 usz 20 uwafimuavimunlian
wunausay
. et - - oar e - & v
inuanmasasmanTmi WliansSoudsunudvinazasawgnamianakiants
x . . L
l.{]uﬁ'agawug'mﬁ‘m'mn'ﬁﬁnmn'lu'l.'u.ﬂomu (in vivo) sia'l
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[bstract

The skin transport and metabolism characteristics of ethyl nicotinate (EN) in rabbit, rat, guinea-pig. pig, shed snake skin and human were
ompared. In vitro skin transport using excised skin and hydrolysis experiments using skin homogenate were carried out. Flux of EN, a
aetabolite, nicotinic acid (NA), and the total (EN + NA), as well as kinetic parameters (Vy,, and K,,) for hydrolysis of EN were determined
nd compared among various species. The enzymatic conversion of EN to NA was observed for all skin permeation experiments. Total flux
rom EN-saturated solution between rabbit, rat, guinea-pig and human was significantly different (P < 0.05). A great difference between

+ pecies was observed in skin esterase activity. The NA/otal Aux ratio of human was significantly lower than that of rabbit, rat or guinea-pig
wit lower than that of shed snake skin (P < 0.05). There is no significant difference in skin permeation and metabolism between human and

: Nig (P > 0.05). Tota) flux increased linearly with an increase in EN donor concentration for all species. For pig, shed snake skin and human,
A flux increased with an increase in EN donor concentration and reached a plateau, suggesting the metabolic saturation was taking place in
he skin. NA Aux at plateau and EN donor concentration in which the NA flux reached a plateau were also affected by species difference.
Mhese findings indicated that the discrepancy in transdermal profiles of EN among species lested was predominantly due to the difference in
he esterase activity in the skin.
© 2004 Elsevier B.V. All rights reserved.

i Keywords: Species difference; Skin transport: Skin metabolism

L Introduction handle, lower in cost, and lower in variation in permeability
from one specimen to other [4-6].

The species difference in skin permeability of drugs ha\te
been extensively reported, however, very little data is
available comparing the skin metabolism in mammalian
skin and shed snazke skin with that of human skin [7.8].
The extent and rate of skin metabolism have been found to

affect the skin permeability of prodrugs [9.10). The prodrugs

The utilization of lipophilic prodrugs is a useful method
Wenhance the transdermal absorption of therapeutic agents
[12). Dermal enzymes can conven prodrugs into
Pharmacological active forms, and also inactivate or
detoxify xenobiotics {3]. To evaluate the effectiveness of

the prodrugs on the skin, simultancous skin permeation and
Metabolism must be studied. Theoretically, such study
thould use humans for testing. However, ethical
tonsiderations are the major problems in using human
skin a5 a model membrane. Therefore, animal skins such as
™. rabbit, guinea-pig. pig and shed snake skin are
frequently used as an aliernative because they are casy to
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should be metabolized completely in the skin layer to
maximize topical therapeutic activity and to minimize both
topical and systemic side effects. Knowledge of the
comparative qualities in skin metabolism and permeation
between different species is important as it can be applied o
estimate the pharmacological and adverse effects of prodrug
therapy in humans by prediction from the animal results.
The present study focused on the comparison of
simultaneous skin transport and metabolism of prodrug
between different species. Ethyl nicotinate (EN) was
selected as a model prodrug of nicotinic acid (NA) because
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it can be hydrolyzed by esterases in the skin [9,]11]. In vitro
skin permeation characteristics and enzyme activity in skin
homogenate were compared among human, rabbit, rat,
guinea-pig, pig and shed snake skin.

2. Materials and method
2.1. Materials

NA and EN were obtained from Tokyo Chemical
Industries (Tokyo, Japan). All other reagents and solvents
were of analytical grade and obtained commercially.

2.2. Preparation of membranes

The method of the percutaneous absorption study
followed Test Guideline 428 of Organization for Econamic
Cooperation and Development (OECD) [12]. Male Wistar
rat (200—250 g). guinea-pig (260-350 g) and Albino rabbit
(2500-4500 g) were supplied by the National Animal
Center, Mahidol University (Bangkok, Thailand).
The abdominal skin was carefully shaved and freshly
- excised before the experiments under pentobarbital
anesthesia (50 mg/kg, i.p.), and cervical dislocation. The
abdominal skin of new born (0—1 day) pig (Sus scafa) was
obtained immediately after slaughter in the gencral
slaughterhouse (Nakorn Pathom, Thailand). Shed snake
skin of Elaphae obsoleta was kindly donated by the
Saowabha Institute (Bangkok, Thailand), After the skin
was obtained, it was stored at —20°C prior 0 use.
The original esterase activity in shed snake skin was
reported to be the same, even the skin was kept at this
condition for 6 months [8].

Human skin was obtained following unrelated surgical
operations (Department of Surgery, Yanhee General
Hospital, Bangkok, Thailand). The source was the breast
of female patients (35—67 years old). The skin was stored at
=20 °C prior to use in order to maintain the original activity
of skin enzymes [13). The samples were gradually thawed
in 0.9% (w/v) NaCl solution, and were prepared to be
split-thickness skins (0.6—0.7 mm) by dermatome.

2.3. Skin transport experiment

The skin samples were mounted between two half-cells
of a side-by-side diffusion chamber (3.0 ml volume and
0.966 cm® cffective diffusion area) with a water-jacket
connccted to a water bath at 37 °C. The dorsal surface of the
skin was placed in contact with the drug solution.
The receiver and donor compartments were filled with
0.1 M phosphate buffered saline (PBS) (pH 7.4) and stirred
at 1440 rpm with a star-head Teflon® magnetic bar
(Nalge Nunc Intemational Co. Ltd, MN, USA) driven by
a synchronous motor. After [ k cquilibration, the media in
the recciver and donor compartments was replaced with

fresh PBS and various concentrations of EN (6—244 mM) in
PBS, respectively. A part of the receiver solution (0.5 ml)
was collected every hour for 8 h, and the same volume of
fresh PBS was replaced to keep the volume constant.
The samples were stored at 4 °C until analyzed. The
cumulative amount of EN, NA and the total (EN + NA)
was plotted apainst lime, and the flux at pseudo-steady-state
was determined from the slope of linear regression analysis.

2.4. Hydrolysis of ethyl nicotinate in skin homogenate

The kinetic analysis for enzymatic hydrolysis of EN was
performed using skin homogenate. Skin homogenate
(25%. w/w) was prepared with full-thickness skin freshly
excised from various ages of rats and PBS using a lissue
homogenizer. The homogenate was centrifuged for 10 min
at 9000 x g and 4°C. The supernatant and various
concentrations of EN in PBS were preincubated for
15 min, then the prepared skin homogenate was mixed to
make final concentration of 5% (w/w) homogenate and
maintained at 37 °C. Samples were taken at an appropriate
time point, and ihe enzymatic reaction was terminated by
adding the same volume of acelonitrile. The chemical
stability of EN was also evaluated in enzyme-free PBS at
37°C. All samples were kept at 4 °C unlil analyzed.
The hydrolysis rate was determined by the slope of the
plot between the remaining content of EN and incubation
time. The Michaclis—Menten parameters (maximum
hydrolysis rate, V,,,: and Michaelis-Menten constant,
K,) were determined by the Lineweaver—Burk plot.
This plot is a derivation of the Michaelis—Menten equation

1/Vg = Woay + Kn/Veux[S] (1)

where Vg is the hydrolysis rate and [S). the EN
concentration. The intercept on the 1/Vj-axis and
1/[S]-axis equals to 1/Vn,, and 1/K,, respectively,
The protein content in skin homogenate was determined
by Lowry's method [ 14]. The values of V,,,, were expressed
in two methods: in unit of nmol/min per mg protein, and in
unit of |Lmollt:m2 per hour using the values of protein
content of 5% (w/w) skin homogenate and weight per area
of skin. The intrinsic metabolic clearance (Vipa:/Kw)
was also calculated in unit of ml/min per mg protein.

2.5. Analytical methods

EN and NA concentrations were assayed by high
performance liquid chromatography as in our previous
report {11]. Briefly, a mobile phase consisting of methanol
and 0.1% (v/v) of phosphoric acid (65:35, vi/v), and
methanol: 0.1% (v/v) (80:20, v/v) containing 5 mM of
sodium 1-heptane sulfonate were used for EN and NA.
The internal standards for EN and NA were methylparaben
and p-hydroxybenzoic acid, respectively. It was confirmed
that hydrolysis of EN to NA occurs only via the metabolic
pathway [11,15).
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Fig. 1. Permeation profiles through human skin from EN-saturated solution
(244 mM). O, EN: A, NA: @, iotal. Each point represents the mean * SD
of three 10 four experiments.

2.6. Swatistical analysis

Differences in flux of EN, NA and total, and NA
fNlux/total flux ratio were statistically evaluated by one-way
ANOVA following Dunnett’s test.

3. Results
3.1. Skin transport study

In vitro skin permeation and metabolism of EN using
rabbit, rat, guinea-pig, pig, shed snake skin and human was
performed. Fig. | represents the skin permeation profile
through human skin from an EN-saturated solution
(244 mM). The cumulative amount of EN, NA and the
total in the receiver chamber increased linearly with time
afier a shont lag time (about 20 min). This linear increase

Table 1

was also observed in other profiles for EN concentrations
and for species (data not shown).

The flux of EN. NA and the total in the steady-state of
EN-saturated solution are shown in Table 1. EN flux
through pig, human and shed snake skin was significantly
higher than that through rabbit. rat and guinea-pig skin,
whereas NA flux through rabbit, rat and guinea-pig skin was
significantly higher than that through human and pig skin
(P < 0.05). Total fAux of rat, guinea-pig and rabbit was
significantly higher than that of human (P < 0.05).
There was no significant difference in the total fluxes
between pig skin, shed snake skin and human skin
(P > 0.05). The ratio of NA flux to tolal flux ratio showed
a similar tendency of NA flux.

The effects of donor concentration of EN on the flux of
EN, NA and the total for various species are shown in Fig. 2.
In proportion to donor concentration for all species, there is
no direct relation between EN concentration and EN,
NA and total flux. However, the greatest varialion was
found in NA flux. In rat, rabbit and guinea-pig, a large
conversion 1o NA flux was observed throughout the donor
concentration range (6—244 mM). For pig. shed snake, and
human skin, EN flux gradually increased in the lower donor
concentration (6—50 mM), and then sharply increased in the
higher cancentration {50-244 mM). On the other hand, NA
flux sharply increased in the lower concentration and
reached a plateau in higher concentration. The platcau
values of NA flux for pig. snake and human were 1.95,0.4]
and 1.86 wmol/cm? per hour, while the donor concentration,
in which the NA flux reached a plateau was around 50, 50
and 100 mM, respectively.

3.2, Skin homogenate hydrolysis study
Fig. 3 shows the Lineweaver-Burk plot between the

inverse of hydrolysis rate and the inverse of EN
concentration in skin homogenate of various species.

Flux of EN and NA from ssturated solution of EN through skin of various species

Species Flux (umolicm? per hour) NAAotal flux ratio
EN NA Total®

Rabbit® 221 = 0.06° 131 *08° 153 = 0.9° 0.856 = 0.032°
Ra* 268 = 0.08° 112 =08° 138 = 0.9° 0.812 = 0.042°
Guinea-pig* 217 = 0.09¢ 123070 145 * 0.8° 0.851 * 0.028°
Py’ , 7.84 = 0.84 192 £ 0.34 9.76 = .15 0.197 = 0.067
Snake! 9.95 = 09] 0.392 = 0.022° 10.3 * 09 0.0381 = 0.0055°
Human? 698 = 1.43 1.84 = 0.22 882 144 0.209 = 0.081

Enhnluwdumn:SDofduuml’owupaim *P < 0.05 compared with human.

® Total = EN 4 NA

n = |0 from five rabbits.
a = 12 from six rats.

a = 9 from six guinea-pigs.
A = 10 from five pigs.

& = 14 from six snakes.

® u = § from five specimcm.
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Fig. 2. Effect of EN concentration in the donor side on fluxes of EN, NA and tots] for rabbit (a), rat (b), guinea-pig (c), pig (d). shed snake skin (¢). and human
(D. O, EN; 4, NA; @, total. Each point represents the mean = SD of three to four experiments.

Hydrolysis of EN to NA did not occur in PBS, but started in
skin homogenate. The Michaelis—Menten process was
observed in this enzymatic hydrolysis, therefore the kinetic
parameters of EN in skin homogenate of various species
were evaluated (Table 2). The maximum hydrolysis rate
(Vau) of human skin was significantly lower than that of
rabbit, rat and guinea-pig, but higher than shed snake skin
(P < 0.05). The Michaelis—Menten constants (Kn) and
intrinsic metabolic clearance (Ve /K ) of human skin was
significantly different compared with other species.

4. Discussion

In the present study, the skin permeation profile of EN
was affected by the species difference. Both EN and NA
were found in receiver solutions for all species in the skin
permeation experiment (Fig. 1 and Table 1). Leakage of
dermal enzyme from skin specimens into the receiver
solution was not detected as discussed previously |11].
This finding implies that the conversion of EN to NA occurs

in the skin during the transdermal absorption process.
The activity of skin esterase during the experimental period
was observed to be constant during the experimental period
due to linearity of the increase in the cumulative amount of
NA with time (Fig. 1). In this study. the whole skin
{epidermis and dermis) of different specics was used except
shed snake skin. The metabolic capacity in the cell,
responsible for metabolism in skin layers, namely
keratinocytes in epidermis and fibroblasts in dermis may
differ between specics. However, the higher esterase
activity in the keratinocytes than that of fibroblasts has
been reported in various compounds and specics [16].
Therefore, variation in metabolic capacity in different
species might be from the different activity in keratinocytes.

EN permeated across the stratum comeum as an intact
form and was in some degree hydrolyzed to NA by esterases
in viable skin, then both EN and NA concomitantly diffused
into the receiver solution. Thus, the flux of EN through the
stratum comeum is equal to the sum of EN and NA fluxes,
namely the total fux through intact skin [9.11].
Theoretically, the total flux-conventional profiles should
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(€). and human (f). O, EN; A, NA; @, total. Each point represents the mean * SD of three to five experiments.

be linear as Fick's first law of diffusion. However, the
nonlinearity in those profiles can be explained that EN in
higher concentration may effect on stratum corneum
permeability. These data were similar to the penetration
flux of phenol through rat skin {17]. The total flux of rat,
guinea-pig and rabbit was significantly higher than that of
human (Table |, P < 0.05). However, the similarity of the
total fluxes between pig, shed snake and human skin was
observed. The total flux of rat, guinea-pig and rabbit was
significantly higher than that of human (Table 1, P < 0.05).

v
Table 2

Norggard [18] reporied that the skin permeability rates
for cobalt ions was rabbit > guinea-pig > human. The
difference in the skin permeability among different species
might be caused from the divergence in lipid content and
water uptake of the stratum comeum, epidermal and dermal
thickness and density of hair follicles in the skin [18-20].
However, the similarity of the total fluxes between pig, shed
snake and human skin was observed (Table 1). This might
be due to the similarity in thickness and lipid content of
the stratum corneum (17.5 * 24 pm, 4-8% (pigh

Michaelis—Menten parameters of EN in hydrolysis experiment using skin of various species

Species Vau (nmol/min per mg protein) Ka (mM) Viaar/ Ko (ml/min per mg protcin)
Rabbit 1705 + 7.2¢ 6.28 + 0.48* 0.0347 + 0.0073*

Rut 2025 * 6.5* 5.84 * 0 45° 0.0568 = 0.0092¢

Guinea-pig 1812 = 5.5* 319 £ 0.4 0.027t = 0.0053*

Pig 203221 221 = 032* 0.0133 + 0.0009*

Snake 6.56 = 0.9* 358 = 0.21* 0.00183 + 0.00082*

Human NS 19 1.01 = 0.09 0.0322 = 0.0007

Bchmmhnmzsnofdnumfwupuim°r<o.05mnpmwilhhum.
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16.4 * 3.4 um, 6% (shed snake); 18.2 * 33 um, 2-6.5%
(human)) {21.22].

Compared with skin permeability, dermal metabolism in
different species was considerably varied. NA flux, NA to
total flux ratio, V,,,. and V, /K, was about 22-fold
different between the maximum of rabbit and the minimum
of snake. NA flux, NA to total flux ratio, V,,,. and V,,,/K,
of human was significantly lower than those of rabbit, rat
and guinea-pig. but higher than those of shed snake skin.
There was no significant diifference between these
parameters of human and pig. These findings indicated
that the total esterase content in human skin is different from
the other species tested except pig skin. Species difference
in skin metabolism of benzo(a)pyrene and testosterone in
six mammalian species including humans was reported, and
both rabbit and guinea-pig skin have a higher level of
enzyme activity than human skin [7]. Rat skin has a higher
level of esterase activity (20 times) than human skin for the
metabolism of 6-a-methylprednisolone-17-propionate-
21-acetate [23]. The higher metabolism in human than the
shed snake skin might be due to the difference in esterase
contents in the skin layer. Human skin is composed of
stratum comeum and viable skin (epidermis and dermis),
whereas shed snake skin has only 2 horny layer. In the mass
of dead cells of the stratum comeum of shed snake skin,
esterase enzymes are found to be active [8]. However, a
major part of skin metabolic activity is located within the
viable epidermis layer [24]. Thus, the total esterase content
in the human skin is expected to be higher than that in the
shed snake skin.

In case where the EN concentration (C) in the skin is
significantly lower than K, the metabolic clearance
[Vimax/ (K + C)] is almost equal to V,,/K,,. In the lower
concentration range, EN permeation through the stratum
corneum is to be the rate-limiting step in the NA permeation
process. On the other hand, in the higher concentration
range, metabolic clearance was reduced, and the rate-
limiting step is to change from permeation to metabolism of
EN. Especially in the metabolic saturation condition, NA
flux must be the same as V,,,, theoretically. In our
experiment, metabolic saturation was taking place at a
higher concentration range of EN shed snake, pig and
human skin. In rabbit, rat and guinea-pig, contribution of
NA to total flux was decreased in EN-saturated solution,
suggesting that metabolism of EN to NA was close to
saturation. In order to compare NA flux in the skin
permeation study with V,,, in the skin homogenate
hydrolysis experiment, Vy,, in unit of pmol/cm? per hour
was utilized. The recalculated V,,, of pig, snake and
human skin (1.45, 0.24, 1.33 umol/cm® per hour,
respectively) was consistent with the NA flux at the plateau
region in cach species, whereas that of rabbit, rat and
guinea-pig was much higher (11.5, 10.7, 11.1 pmol/cm? per
hour). These might be discussed with the difference in
extent of skin esterase enzyme in the skin and in the skin
enzyme distribution [25.26].

The skin permeation data and K, could not be simply
compared because the real EN concentration in the skin
could not be estimated. The donor concentration of EN, in
which the NA flux reached a plateau was about 50 mM for
snake, 50 mM for pig. and 100 mM for human (Fig. 2). K,
values of each species were varied (Table 2). suggesting that
the affinity of esterases for EN in each species is different.
If skin structure was similar among species. EN concen-
tration in the skin should be proportional to that in the donor
solution, and thus the donor concentration in which the NA
flux reached a plateau should be independent of species.
However, there are some structural differences in the skin
among species, such as the difference in the hair follicles
and surface lipid content (19,21]. Therefore, EN
concentration in the skin could be expected to be diffcrent
in each species after applying the same concentration of EN
in the donor side.

§. Conclusion

The presen: study verified the difference in skin
permeation and dermal esterase activities in different
species. The discrepancy in permeation profiles of EN
among the species tested was mainly due to the difference in
esterase activity. To predict the skin permeability and
metabolism of human skin by extrapolating from the data on
animal skin, differences in skin metabolism should be taken
into consideration. In our study, permeability profile and
esterase activity of pig skin was similar to human skin.
However, in vivo study using other permeants should be
tested to obtain more data.
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Effect of Methanol on Simultaneous Transport and Metabolism of Ethyl Nicotinate
in Rat Skin

Tanasait Ngawhirunpat®, Prancet Opanasopit', Suwannee Panomsuk® and

Sompol Prakongpan :

* Department of Pharmaceutical Technology, Faculty of Pharmacy. Silpakorn University,
Nakorn Pathom 73000 Thailand

® Department of Pharmacy, Faculty of Pharmacy, Mahidol University, Bangkok 10400 Thailand

Objective
To study the effect of methanol on the simultaneous transport and metabolism of ethyl
nicotinate in rat skin

Methods

The effect of methanol on the characteristic of in vitro transdermal permeation of ethyl
nicotinate (EN), its metabolism to nicotinic acid (NA), and methyl nicotinate (MN),
transesterication product were examined in rats. Skin transport of EN (244 mM) was investigated
using full thickness skin in side-by-side diffusion chambers, and flux of EN, NA and MN was
determined. Enhancement factor (E) was calculated to investigate the activity of methanol as an
enhancer. The hydrolysis study was also performed using skin homogenate.

Results

The transesterification was taking place in the permeation studies using methanol. As
concentration of methanol increased, the apparent flux of total EN was decreased. The solubility
of EN increased with methanol concentration. E increased with increasing the flux of methanol,
thus, methano! may function as an enhancer of EN transport. The hydrolysis in skin homogenate
of EN to NA was inhibited at all concentration of ethanol used (10-80%), whereas
transesterication of EN to MN was induced at all concentration of ethanol used.

Conclusion

Methanol functioned as an enhancer of EN transport and also inhibited the hydrolysis of
EN to NA. The transesterification of EN to MN was detected in skin transport, and skin
homogenate. Therefore, the ester prodrug may be converted to other ester forms when alcohol is

utilized as vehicle.
Key words: transdermal permeation; skin metabolism; methanol
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X Comparison of skin transport and metabolism charac-
P2E-11-078 teristics of ethyl nicotinate In various specics

Tanasait Ngawhirunpat', Praneet Opanasopit', Suwannee Panomsuk', Som-
?d Prakongpan

Fac. of Phurmacy. Silpakorn Univ.. Thailund; 2Fuc. of Pharmacy, Mahidol
Univ., Thailand -

Purpose: To evaluate the effectiveness of the prodrugs on the skin, the
simulianeous skin permeation and metabolism must be studied. In this
study, we evaluated and compared the skin transport and metabolism
characteristics of ethyl nicotinate (EN) in various species such as rabbit,
rat, guinea-pig, pig. shed snake skin and human.

Methods: In vitro skin transport using excised skin and hydrolysis
experiments using skin homogenate were camried out. Flux of EN, a
metabolite, nicotinic acid (NA), and the total (EN+NA), as well as kinetic
peameters (Veas and K) for hydrolysis of EN were determined and
compared among various species. The enzymatic conversion of EN ta NA
was observed for all skin permeation experiments.

Results: Tota! flux from EN-saturated solution between rabbit, rat, guinea-
pig and human was significantly different (P < 0.05). A great differcnce
k ruoen species was observed in skin esterase activity. The NA/total flux
rauo of human was significantly lower than that of rabbit, rat or guinea-pig
but lower than that of shed snake skin (P < 0.05). Total flux increased
lincarly with an increase in EN donor concentration for all species. For
pig, shed snake skin and human, NA flux increased with an increase in EN
donor concentration and reached a plateau, suggesting the metabolic
saturation was taking place in the skin. NA flux at plateau and EN donor
concentration in which the NA flux reached a platcau were also affected by
species difference.

Conclusions: These findings indicated that the discrepancy in transdermal
profiles of EN among species tested was predominantly duc to the
difference in the esterase activity in the skin.

In vitro assessment using Caco-2 cell suspension and
monolayer predicts drug-drug interaction in intestinal
cojugative metabolism and absorption

Hiroyuki Kawashima, Marie Tanaka, Takashi Mizuma, Masahiro Hayashi
School of Pharmacy, Tokve Univ. of Pharmucy and Life Science. Japan

Purpose: Although not only hepatic but also intestinal drug metabolism
decreases oral bioavailability, the method to assess the influence of
intestinal metabolism on the iniestinal drug absorption has not been
established. We have developed assessment procedure for phase I
mt_abohs‘m (gln:fumnidation and sulfation) using Caco-2 cells to assess
the intestinal conjugative metabolism and absorption in humans.
Methods: Caco-2 cells were seeded onto Transwell inserts to prepare
Caco-2 cell monolayer. Caco-2 cell suspension was prepared by trypsin
treatment, which were cultured in 2 flask in the same way as the
preparation of cell monolayers. Drugs were determined by HPLC.
dlt:;::‘:sd. Sulfation and glucuronidation metabolism of a-naphthol were
o in both Caco-2 cell monolayer and suspension. Sulfation
!n;:\'b' le‘;sm of a-naphthol assessed in Caco-2 cell suspension was
: ibi ! by isoproterenol (I1SO) or terbutaline (TER). which are
mmuholi:m‘:ilff.wd m human intestine. In contrast, glucuronidation
urvsrgild: _a-n.aph_thol was nol inhibited. Eadie Hofstee plot of a-
e ation indicated that a-naphthol sulfation was inhibited by
u.mmmpgmm manner. In contrast, TER competitively inhibited
b gl ation. The transport of a-naphthol from the apical to basal
p 1!_;:5; lco-_z cell monolayer was increased by the presence of ISO
- ®nd its transport clearance increased as 1SO or TER
concentration increased. In contrast, the metabolic ¢learance for «-
n“;pluhol sulfation decreased. This assessment procedure was applied to
e mlbsorpuon w:sf ilSO and TER. and showed a drug-drug interaction that
Conclusion: The sssess, Caco-
o monoll-yers : ::si:ssmenl_ptmedure using 2 ccll suspensions
in the imestunal sufur, Fepont is useful 1o asscss the drug-drug interaction
sufation metabolism and sbsomption.
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Il An in vitro model of the large intestine t ioco,
P2E-11-079 version of compounds ® e to study b

Koen Venema, Cyrille A.M. Krul, Robert Havenaar
TNO Pharna, The Netherlands

Purpose: An in vitro model of the large intestine (TIM-2) was dcvclom
in which the successive: conditions in the lumen of the colon are simy]

in an accurate and reproducible manner. The following standargi
conditions are simulated: body temperature, pH in the lumen, delivery ofy
pre-digested substrate from the “small intestine’, mixing and transpor of
the intestinal contents, presence of a complex, high density, metabolicayy
active, anaerobic microbiota of human origin. and absorption of water .,,:
microbial metabolites via 2 semi-permeable membrane inside the mode
The model has been validated with respect to microbial activity apg
composition. In the present study the model was used for studying’
bioconversion of compounds by the intestinal microbiota.

Methods: In short term studies, the bio{in)activation of the uf
compound, as well as the microbial composition and activity wegp
investigaied during 24 hours of incubation after a single dose of the tegt.
compound. Amongst others, quercetin and sinigrin were used.” Resuits wity
drugs for IBD will be reported elsewhere.

Results: Analysis showed that quercertin is converted by the microbiota
into a variety of microbial metabolites, which each may have there ows -
specific biological activity. In addition, sinigrin is bicactivated to allyl-
isothiocyanaie, which has been shown to have anticarcinogenic properties,
Other unidentified (intermediate) metabolites were produced on both
compounds. or the metabolites were broken down to gaseous compounds
which were lost from the system through flatus or exhalation.
Conclusions: TIM-2 was shown to be an efficient tool (o study
bioconversion of compounds by the intestinal microbiota. Swudies with
radioactive and stable isotopes are underway to indentify missing
(intermediate) metabolites. Furthermore, in combination with in vitro cell-
cultures. the effect of the compounds and their metabolites on intestinal
health are studied (sce accompanying poster).

P2E-1I-081 Mechanism of lactic acldosis by biguanides

Shigeyuki Usui, Akike Yano, Kazuyuki Hirano
Dept. of Pharmaceutics. Gifu Pharmaceatical Univ., Jupan

Purpose: Biguanides, metformin and buformin, which are clinically useé
for diabetic mellitus, arc known to improve the resistance for insulin in
patients. Biguanides are reported 10 cause a lactic acidosis as a side effect.
The mechanism of the side effect still remains obscure, llthough_u has
been reported that biguanides bind to mitochondrial membrane !nd inhibit
the oxidative phospholylation in mitochondria. We have examined genes
changing in its expression by the treatment of biguanides to HepG2 cells.
Methods: A subtraction cDNA library was constructed by the method of
suppression subtractive hybridization using MRNAs extracted . from
HepG2 cells treated with or without 250 pM buformin.  The screening of
the library was performed with the cDNA probes prepared from HepG2
cells treated for 12 hr with or without buformin.  The expression amoun!
of the genes identified by the screening was monitored by the method of
the real-time RT-PCR with the specific primers. The amount of protein.
ATP. and NAD were determined by wesicm blotting with the specific
antibody. luciferase and alcohol dehydrogenase, respectively.

Results and Discussion: We found that the expression of glyoeralndehy_d&'
3-phosphate dehydrogenase (G3IPDH) gene was suppres.sed by treating
HepG2 cells with 250 pM buformin and 10 mM metformin for 12hass
result of the library screening.  The decrease of the expression depcndc;
on the treating period with biguanides. ~ Although the amount of GJPI')_
protein decreased by the treatment with bul'orm_m. llg-ll[ne or
approximately 12 h about the suppression of the protein expression was
observed. The activity of GIPDH also decreased simultaneously with the
suppression of the protein expression. The amount of ATP and NA%‘;‘
the treated HepG2 cells with buformin decreased lo 10 and 2 o’
respectively, compared with the control. Thesc results suggest that :he
reaction cquilibrium catalyzed by lactate dehydrogenase Jean toward
lactate production and this may result in lactic acidosis.
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