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'Synopsis

Cutaneous responses to topical methyl nicotinate were assessed
visually and by laser Doppler veloc;metrylip.black, orfental and
Eaugasian subjects. Rﬁcial.diffetenceauin"microvascular response were
observed but the perception of these-dlétinctions=may"depeud-upon‘the

method of measurement.






Abéttact

The response of human skin to topical methyl nicotinate (MN) has
been monitored in black, oriental and caucasian subjects. The study
aiméd to address the question: “Do racial differences in percutaneous
absorption and microcirculatory s?nsitivity'exist?“; MN-induced
vésodilatation-was;aasesaedkvisﬁallyian&iby-Iaser Doppler velocimetry
- (LDV) . At‘;hréefdoaguiewels@_in the three subject populations, four
parameters:uére:comparedt (a) the diameter of the maxfmum visually
perceptible erythematous area.(me), (b) the area under the erythematous
diameter versus time curve-(AUE) (¢) the maximum LDV response (Lpx? >
and (d) the area under the-LDV response versus«time curve (AUL). At p <
0.05, AUL (black) > AUL (caucasian),fot all MN concentrations; AUL.
(oriental) > AUL (caucasian) for the higher dose levels. Eg,, AUE and
L x showed no significant diffetences be:ween races within
concentrations. For all subjects, Epxs AUE and AUL were significantly
dependent on Hh.dose<whereas\nmxiwas.notma The resul:e.suggggt'that some
racial differences in fesponse to»tbpical.uﬂ‘exist and'cha: perception

of these distinctions may dépend.upon:the~méthodvof.measurement-



INTRODUCTION

The skin represents the most important interface be:weeu\man and
his;surround1n§ éhv££onment; Evolutibn h&# resulted in s-divefse'
population of human racial types, which are most-superfieially
recognized by their different skin pigmentation. Thésgvdifferences'are
crucial to the practising dermatologist who must be able to assess
accufateléidiseése&aavertty in patients of a broad ethnic background and
who must, therefore, develop a sense of how a particular éymptom willlbe
manifested in, for example, ca;casian«ye:sgs;black skin,. The same
variability in skin types and color are also of clear importance to the
investigative cutaneous sclentist, who, in conducting experiments
designed to answer qﬁeetfons about skin,. freqnently‘requi:ea:a~humaﬁ
subject.population‘In«whichztoatést.hypothesea«‘ The investigator must
decide whether che‘experimental,coho:t‘1s:nosc appropriately limited to
g.single skin type or should be broadened (and, hence, increased in
number) to include a range of subjects from various racial origins.

How much: them: do- we know about skin differeﬁces:between=individuals
from different ethnic backgrounds? On the whole, the answver to thiéi
queé:iontis:’hpt very much'. Hi;tologfcﬁlly, it s apparent that human:
akin:ia‘cémposed'bf*ther;ate:basic strucﬁuresr:ega:dlesé‘of race. |
Clearly, pigﬁeﬁtation,isf# vart§Bie-and;,as:axfesult. skin:reflec;ance,
‘for example, 1is ;.functton:of skin‘colors[‘3 .I:,ﬁas, furtheremore, heen
reported that the integrity of the stratum corneum of“blacks.ié greateﬁ
tha&»that 6& caucasians4‘5“and.ic has.beehasuggested‘that tﬁis
obgervation 13 :h§»fesu1t of the gfeater’apparent‘m;croscopic

compactness of the black skin horny layer. This conclusion seemed



consiscent with a percepcioﬁ-fhat black skin teaistsx:opical,irritAﬁts |
Better than caucasian skin® and led to the belief that the diffusional -
barrier of black stratum cormeum 18 greater than the corresponding white
resistance. This: hypothesis has been tested in _v_:l._v;o_?’a and in _v_g_:_rgg'
and' has. been both substantiated and refuted.

A;secand-area;of:1nveatigation ha;‘céﬁcéred%ﬁﬁoniche.mhgnitude~of '
skin flushing reactions in Mongoloids versus caucasians.19+1Z Increased
‘alcoholrinduced:fluéhing.haa been established in Japanese, Chinese and
North‘Americaﬁ‘lndian;subjects over that seen in caucasiﬁns-and this
sensitivicy has been‘intensely"scudied.and_recently'revigwed.13 In.
other respects, however, (for example, barrier function and sensitivity
to‘topical.trtﬁ:a:ion)»orlgntal skin. has: not been well studied and
Iittlevcomparattve.fnformanfontwf:hfcéucasianrand*black,skin‘has-been
derived. |

The objective of the work feporte@ here was. to assess the cutaneous
responéeston:opicallyvapplied-meﬁhyl‘nico:tnace in black, caucasian and
oriental subjects. Th&‘vasbdtlatotyteffect'of,the drug_was,fblloweﬂ
viaua]‘.‘lj-r in the conventional manuner, by observing erythema{ and
instrumentally using laser Doppler velocimetry, an bﬁttcal.techniquex
sensitiveﬁ§§.cﬂanges in{sk£ﬁrb1oo4'rowa The approadhes were designed.
toipfobe«b§£h ché‘kihettcglandiﬁhezdurhtion.of the pﬁarmacological
response_in’differeﬁ:.skinv:ypes aﬁd.:afelucidhte; therefore,
comparative information: about both percutaneous transport. and

nicrovasculature gensitivity.



METHODS

Human subjects: Participants in the study were recruited from the

University of Califbrnia,.Saﬁ Franciscd‘canpus.community. The subjects:
were normal, healthy adults, agedt20-35:yea¥s; they were non—-smokers
:aking no prgs#ripcionﬁmedication andfwi:hano.hia:ory-of-skin,disease.
The: subjects.were;required ﬁo:read*and*a;gn; pfio: to: entering the
study, @ human experimentation cousent form spproved by the UCSF
Committee on Human Research. There were. 5 subjects iq;each:of the three
racial groups: blackh caucasian and oriental. The black subjects were
American negroes of skim type V or V114, The oriental group comprised
individuals of Chinese‘ex:tac:toq.only*(skina:ypé-IV). The:caucastgns
were=wh1te Aﬁerican$-oﬁ‘Ehtopean\background:ﬁith.skin‘type,II,
Treatment: The-vaéodilstory~res§6nse‘of huﬁan skin to methyl nicotinate
wvas followed. The chemical was gdministeredétofthe:upper'third:of‘the
ventral forearm 1n~aqueousﬂsolutidnu Ihree concentration vere

studied: 1.0M, Ow3ufanda0.ln%(approxiﬁately'13;1z; 4.6% and 1.4% w/v,
respectivel&)u~ Squtionsnwererapplié&=u&ing\abSOtbént filferpaper |
disCS-(t cm;diame:er),,which:prevented<liq&id?f£om runoing and' spreading
over :he‘ékimrﬁurfaﬁg. Contact\betﬁeenrskinrandssoiution,was mﬁin:ained
for 15 seconds; at the end of'thisfpégiodg the: saturated patch was

removed and excess solution on: the skin was wiped away with tissue.

Pharmacodiﬁamiczasseasment: Vésodtta:ation—was~quantifiedfvisually and

by. laser DoppIe:>veloc1métry (LDV). SubjectiveﬂmeasurementsrInvoléed

pe:iod£Crevaiua£16n:(by a single observer) of the reddened skin area and



the determination of a mean erythematous diameter. LDV data were
collected with a commercially produced instrument (Medpacific LD 5000
Capillary Perfusion Monitor, HedPacifié Corp., Seattle, WA), which has.
beeﬁ described inadetail.xs‘ fhenperfusion monitor was. zeroed: on each
1nd1v;dual(subject acecording to the manufacturer's specifications. This
pioceduregfawsupposed»to‘eﬁualizerthexinatrument*s:aensiﬁivt:y-on skins
of different pigmentation and reflectance. While this objective is
difficult :o=quantify5absolutely;‘:he»opération does ensurarthac, pre=
experiment,.the-baseline'meaéuremenc for ‘all subjects is obtained from
the sawme amount of 1nformﬁtionxreceived’by’the*efferenc optical fiber of
:he-LDV.I

LDV—measurenen:srobcainéd-posc-methylwnicotinace,gpplica:icn were
corrected by gubtréctiow-of thexpasal,perfusidn‘value'bbtained‘£rom the
forearm skin site prior to the ﬁéginuing.bf the experiment. A basal
perfusion value was defined as: the LDV output observed after the:subject
had*restedfin*the4experimen;aIAtesting,area'for at least 15 minutes.
Flow by this time was constant to within £ 5 mV. On each subject, LDV
- and: erythema: assessments. were performed simultaneously using identical.
contralateral posittons.‘ Following removal of the vasqdilatory
- stimulus, LDV recordings were made continuously«for‘QO‘minutes.
Erythema: measurements vere acquire& on average every five minutes over
the-same~period.~ Readings were taken ‘more frequently during the 15
‘minutes«following the onset of erythma. Erythema assessments involved
physical measurement of the—dimensions of the: clearly defined red area
of skinf- Several measurements. through the center of :he vasodilated region’

were made and were averaged to give the mean erythematous diameter.



LDV and erythema: measurements, for each methyl nicotinate
concentration, were made on three geparate. occasions for‘eachiaubjec: in
‘each ‘of the three experimental groups. A period of at least éour- days.
elapsed between vasodilative tests. Measurements were made.in‘ﬁxsingle
wéllrventila:ed-goom-at rgasonably constant temperature (23 £ 1.5° C)

and' relative humfdity (50-70%).




RESULTS.

: Four;critefiaxue:e'used-to evaluate the vasodilative responae of
;he-human'subjettd to the methyl nicotinate stimulus:-
l;n' The diameter of the maximum vigually perceptible erythematous area

(B ) |
2. -fhewaréﬁvunde:‘thg-erythemétous diameter versus time curve (AUE):
3. The maximum LDV response (L ):

4.. The area under the LDV response versus time cutve.(AUL)f
AUE and AUL.wete‘calcuIated by integration of the erythematous diameter
versus time and LDV output versus time profiles, respectively.

In Table I,»tﬁ&i‘ﬂlﬂEBFOf these four parameters are cpmpared using
the Newman Reuls® mﬁltipre comparison testﬂle’for all subjects between
the different methyl nicofinate_coqcentrations:use&, “The three:
replicates onte&ch.subject He:e{firsﬁ averaged and the mean value was
used to compute the daca‘presentéd.

Im Tables II-¥, E ., AUE, me.andeULt,respectiQely, are compared
{again with :hé~Newman'Keulsf ;es:) for each methyl nicotinate
conceﬁtratién:betﬁeem the different su§ject groups. Agaim, the mean
valueérof the”tffplicate tests on each individual at each concentration
‘wer§=used*to determiﬁe.the‘dat&.shown.

‘ Bpth erythiema diameter and LDV output as agfunétion‘of time post~
: appli;aﬁionfo£ n1c$tinate=aﬁowedeimflat.ptofiIes to those 1llustrated
in earIiEr:puBlications.I7;20 Theigenetal'sh;pe:of,theseuprofiles was
not dependent upon subject group..

"Basal LDV-assessed'petfuéion Qalues-felr typically 1n.:he‘fange-of

20-60 mV' for all subjecta. For any one subject,. basal flow varied by




less than t 20 aV. There was no correlation between these values and
skin pigmentation (basal flowsﬁ black (n=45) 26.2 & 20.4 wV; oriental
(n=45) 31.7 12.7" mV;> caucasian (n=45) 35.8‘; + 12.3 oV) nor wae there a
sigtiiﬂ‘cant. relationship between: basal flow Ly and maximal flow L., |
post~drug application: black (a=45), L, = 295 + 3.3 L,, r? = 0.17;
ofiental (n=45Y), Lix = 329 -+ 1.16 Ly, .- 0..073';_‘ caucasian. (;1-45).,

- e
Lo = 266 + 0.5 Ty, % = 0.003.
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COMMENT

It should first be noted that a l5 second exposure of human skin to
aqueous solutions of methyl nicotinate, in the concentration range-
efudied; elicits significant pharmacoloegical effect and implies
sign;ficant perﬁutanéoué»absotptfou.. Previous work has shown that
nicotinic acid;estersnpéuetra:g-ukineffi;iently'fron:aqueous solution

21.. The latter observation reflects.

buc':hat»the parent acid does: not
the poor partitioning of the highly water soluble acid: into the
lipqphiltc stratum corneum. Détailed analysis of erythema onset times,
as a function of concentratiou‘andiapplicationitime~fbllowtng tapical

nicotinate administration, has demonstrated that these molecules:

probably transport across the>s:ratum.£6rneum via the lipid-filled

22,23

intercellular channels - -
The results: in Table I éongide: the dose~response behavior to
ﬁéthyn nicotinafe in the entt:e;subiect population of mixed racilal
background. The data are, we believe, consi#tent:wich:expectations:and;
in: general, comparable tqutéviouslyvpublished obs;E%a;;pns;‘ The
maximumamagnitﬁde dﬁ erythematous. area increasgd.significantly‘withf
tncreaaiﬁg,nicotinate-concenttacion;and 1n£égratedferythem& diameter
vetsus=:ime‘cut;e'shdweﬁfthg same trend. | It has' been shown that the
tad;al.sprea&fof erythema, induced by toplcal methyl nicotinate
‘applicﬁtiony,is facilfcatéd vi&lafdermal‘ﬁapillary'transport and re—
eqqilibration pfOCBBSeITFIB The~tapidtty76f’movement of the
etythemaﬁous-réaccion'tg c°d great to be accounted for by simple drug

diffusion in- the dermis. The spread of erythema {s thus a function of

three forces: supply of nicotinate from: the epidermis, radial transport




in the dermis, and irreversible uptake by the microvaasculature. The me
and AUE values determined in this study show the same trend (and are of

similar magnitude) as those in the:litetature17'18

and lend support,
\thetefore. to the proposed transport mechanism. Over the cancentration
range studied, Lnx was essentially constant, an observation. in agreement
withz;rprevious study from our Iaboratoryig“whichfconsidered the LDV
dose-response behavi@r (in a caucasian populationm) t6~the samevmethyl
nicotinate stimulus over a concentratioﬁ‘range of 5~100 mM. Hence, it
. 18 clearly dewmonstrated that the change in skin blood flow, which can be
elicited by the topical challengg, is saturable and that the
concentrations employed in this work correspond to the plateau region. of
the dose-response curve. The area under the LDV response—time profile:
(AUL) increased uith:1nc;easing;gpplledfmethyl nicotinate
concentration. Despite:che«cons;ancy of Lg,, the duration of local.
perturbation was-prolongedhas'th; thermodynamic activity of drug on the
skin surface was raised. Again, these observations are consistent with
out'prevtouszresults,;gr

Iangbles II, III and IV, reépectively;.me,nAUE and: L. values are
cﬁmpéredy'fOr‘eaqb.nicoiinate:concentration. between the three subject
groups. It can be seeﬁ-:hat these responses im the different racial
vpopﬁlattans aré similar gn&‘are not s:atisttcally—distingdishable. It
is 1utéresting‘t07note that'although»ﬁﬁ* and AUE "appear ﬁost sengitive
(L. ﬁhou::he greatest range_of‘v;lues)':o-methyl niﬁotinatevin
caucasian: skin, the'meaﬂ‘meia:*each-cbncentra:ton.tatloues:,fo: this.
cohort. |

IanabIé,V;‘differential reséanges bg:ween the'facial groups. are

—
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revealed for AUL. Perhaps somewhat surprisingly, the integrated LDV
response versus time in black skin {s greater than that in the skin of
caucasians. Also, at the higher concentrations (0.3, 1.0 M), AUL
(oriental) is significantly higher than AUL (caucasian). Thus, it seems
that; although the visual assessment of erythema cannot distinguish
beﬁween-dtffbren: skin types, the objective LDV proceduré‘does'reveal
differential responsiveness to. the methyl nicotinate stimulus.

- Preliginary'experiments,in.out Iahotatory:wi:h'LDVZQ had revealed
no difference im AUL between caucasian and black subjects following a: 15
second expﬁsure-to 0.1 M methyl nicotinate.. However, at that time, the
‘zero surface-caltbration.ptocedure?'was not available for the LDV and
thfé.mayrhava-resqlte&'fnfan.under—es:imationzof'the‘AUL in the earlier
‘black Qubject group. It should alsoc be noted that Lm£ and’ AUL. values. in
the black cohort atevasauciatedfuiﬁh'the largest intersubject N
variability. One posaibility may be differences 1nrthe‘degree~o£v
pigﬁencation; however, within our limited experience, we have detected
no correlatiom-bet#eenadeptu of blackjskin,color and extent of
pharmacodynamic response. It may be suggested, perhaps;fthat greater
inherent inter-individual dfffereﬁces:a:erto'be‘found‘Lanlack,skin and
thét tﬁisam#y account for chendisparate‘obsérvations inéthe-literaturew
concerning:the»bafrier to molecular absorption across hIack‘sktn@4w7‘9
Importantly, both the visual measuteﬁents‘ofrerychema‘aﬁdfth§=objec;tve

assessments with LDV'df‘the'black.skin-response‘are ﬁbt-suppontive of

*Hedpaciftc'Corpm,,seattley WA., technical information.
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the view that 'black skin resista chemical frritation better than less
pigmented skin.' Data substantiating this conventional hypothesis: are
based oaly on visual determinat;ons.53§ It has been found here that
;hreful subjective and-objectiveuneasurementa are in agreement and that
the only major significant difference between black skin and white qkin
Indic&ﬁes a greater responsiveness in the former. it should be pointed
out that erythematous are&-ratherrthan intensity was chosen in this work
as the principal subjective?ihdiéatdtt It 1s‘the.eiper1ence'of this
laboratory that visual determination of response versus no reaponse is
more'retiable-than'atteﬁPCS‘tolevsluate-gradations of response (e.g.
erythema ratings as ;1 versus +2, etc.).

Oriental skin,, in: thig s:udy did not show any dramatic differences
71n response (other than. that indicated in Table V) from either black or
caucasian'akin. Clearly, on;:hq'basis:of_the-resul:s,reportedrhere, a
case cannot. be made for differeﬂtial.perméabilicies of different skin
types unless one argues for example, that poor absorptioniinfone racial
gréup«i&-exactly'compensated by increased microvasculature
_sensitivity. Such a coincidence seems, to us, rather implausible (a
conclusion: which wiLIﬁBé-tested?inxfu:ther studiewahtch.will consider
intradermai delivery:§E the.chemical.stimulus)a‘ Of course, it must be
gtated that only'a single chemical at three- concentrations has been:
investigated and that the subject”’ populatione'ute not large. Futu;e:
work must address:a‘tange“of'chemtcals of different physicochemical
properties; delivered”fromzvariousfvéhicle‘preparations at |

concentrations covering the complete dose-response curve and must

involve an increased number of subjects in the different cohorts tested.

14



Table I. Comparison of pharmacodynamic response criteria. (mean % SE) in all
subjects (n=15, three replicates each) between different methyl
nicotinate concentrations.

Methyl Nicotinate Concentration (M)

Response 0.1 .3 1.0

Criterion

Ey, (cm) 2.25 £ 0,15 3.07 £ 0.16% 3.60 + 0.18P

AUE. (em.hr) 2.20 & 0.17 3,22 &£ 0.18% 3.68 & 0.200

Lo (2¥) 312 £ 24 348 £ 27 348 & 27

AUL (mV.Hr) 235 £ 30° 258 + 3¢

205 t 2%

20.3. M response is significantcly greater than the 0.1 M response at the p < 0.01

level.

b;. OM response iz significantly greatet thaun both the 0.3 M and 0.1 M tesponses

at the p < (.0l level.

co. 3 M response‘i& significantly'greace: than the 0.1 M response at the p < 0.05

level&

dr.o M reaponee is significantly greater‘than thevO 1 M response at the.p < 0.01

level.

15



Table II.

E . (cm) values (mean + SE) at each methyl nicotinate concentration
for three different subject groups.

Y‘Hethyl Nicotinate Concentration (M)

Group 0.1% 0.32% 1.0%

(n=5)

Black. 2.19 £ 0.5 2.99 £ 0.25 3.33 £ 0.16

Caucasian 2,18 £ 0.22 3.25 £ 0.30 4.16  0.25
Oriental 2.37 & 0.36 2.98 £ 0.34 3.31 £ 0.38

Bat fhis;concenttation; there is no significant difference (at p € 0.05) between

the responses. of the three different groups.

16
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Table III.  AUE (cm.hr) values (mean # SE) at each methyl nicotinate
concentration for three different subject groups.

Methyl Nicotinate Concentration (M)
Group 0.1% 0.3% : 1.0%
(n=5)
Black 2,03 % 0.33 3.05 £ 0.35: 3.35 £ 0.35
Caucaaian‘ 2&12 + 0027 3: 35 + 0-33 ' 4.03 + 0530
Oriental 2.47 £ 0,25 3.22 £ 0.30 - 3.68 % 0,37

LS

%At this concentration, there {s no significant difference (at p < 0.05) between
the responses. of the three different groups.



Table IV. Lye (mV) values (mean % SE)? at each methyl nicotinate concentratiom

for three different subject groups.

Methyl Nicotinate Concentration (M)

Group - | 0.1P 0.3b 1.0b
(n=5) '

Black 364 & 50 380 & 61 400 £ 59
Caucasian 252 & 22 276 £ 43 260 £ 23
Oriental 324 & 38 384 £ 14 392 + 16

ame,values are absolute values minus the basal perfusion levels. The Latter

were typically in the range 30-80. mV.

bAt:this‘concentration, there is no significant difference (at p < 0.05) between

' the responses. of the three different groups.

18
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AUL. (mV.hr) values (mean t SE) at each methyl nicotinate

Table V.
concentration for three different subject groups.

Methyl Nicotinate Concentration (M)
Group' 0.1% 0.3b 1.0b
(n=3)
Black 287 £ 63 1309 % 63 31273
Caucasian 118 & 24 131 ¢+ 23 139 £ 27
Oriental 209 + 30 265 27

304 £ 16

-

2At this concentration, the response- of the black group is significan:ly highet
(at p < 0.05) than that of the caucasian group..

bst this concentration, the respousessof the: black and: oriental groups are
significantly higher (at p' < 0.05) than that of the caucasian group..
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