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CHAPTER X

INTRODUCTION

Chronic sun exposure produccs meny alterations in
the skin. A sgeguence of evenis beglmiing with o gradusl and
pregressive actinice damage to the sun erposed arsas of the
skin, followed by the devalopment of sctinic (senile) kera
toses and terminating wilth the formatlon of sguamous end basal
cell carcinonmas, 1s responsible for the most common form of
human malignancy. Actinice keratoses, for the most part, are
flet, intreepidermal lesions, Basgsl eand squaimovs cell carcis
nonss are slow Lo metastasize and with epxropriabe teeatment,
complete cures srye expected, I neglectad, howevar, baszsal
cell carcinomes, as well as squamous cell carclionas MAy MNE.-
tastasize, with fatal results (1).

Skin cancers are meny times more common in warm and
sunny areas of the southwestern states than in northern ¢li-
nates, Altltude is alsgo lmportent, in that desmaglng uvlirca-
violet wrays which are removed by abtmospherle filitiation arc
poexre intense at higher elevations. The complexion and ocol.
ration of & given individual are also factors in determining

nig 1ikelihood of sccunmulating actinic damage of sufficlent

degree to produce malignant degenzratlon.
S

el
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When these lesions are distribﬁted over & wide
area of the face, it 18 a significant cosmetic defect., The
usual means of local destruction for wldespreazsd lesions in-
cluvde electrosurgery, cryotherapy, and dermabrasive surgery.
When scores of leslons are to be treated in en individual,
ell of these procedinres have certaln disadvanteges,

Since 1956, S5-Fluorouraclil (herein referved to as
5«%F0) has been used extensively in the therapy of human ma-
ligrenciocs., During this time, it has been found to be most
effective in adenoccarcinonss of the colon and breast. It
also.appeaws to have sone effect in carcinomas of the blad-
der, ovary, stomach and undifferentiated carcinomas {(2).

In the past elght years, there has been Lncreasiag
interest in toplcal chemotherapy of cutancous malignancles.
Klein (3,4), Goldmen (5) and Dillaha (6) were the fivst to
become interested in this fleld and worked primarily with
the antimetﬁboli'eS, nethotrexate, mercaptopurine, 5-fluor-
ouraclil, demecoline and N-desgacetyl thiocolchicine. O0Ff all

. P 4=

the compounds ed, 5-FU is currently the best method avall-

o

es

able feor treating widespread multiple actinic heratoses: it

appears elinleally to selectively affect the actinlce keratoses.

Destruction of kervatesecs with relative sparing of nommal skin

can be regularly anticlpated.,
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Duaring the gseveral years in wh-i.ch this therapy has
been developed and evelustsd, a standard derzatologlcal prep-
aration hag not been gvailable., The objective of the present

work wag to study the release of 5-FU0 from various ointment

u-
<t

he type of base which would

bases and L6 aittempt to de
release the compound most satisfactorily.
The mcthods chosen were deslgned to determine the

release end penetration of 5-FU both by in vitro and in vivo

enr st s

methods, A modified agar plabte method was chosen as the in

vitro test for messuring release and subsequent diffusion into

the agar. The penetration of the compound from verious bases

o3
?r‘

was deternined by applyling the medicated basss to the slkiia of
guinea piss end subsequently arnalyzling a blorsgy of the inuncted

skin, using quantitative spectrophotometry.

the Literature

svrvey of

s=-Fluorouracll was syntheslized by Charles Heidelberger

in 1957 {7)., He had observed the blological effects often ob-

tained when fluorine is substituted for hydrozen in geverel

classes of compounds, Adding thls to his knowledge of the

[a5)

ivenese of various rucleic acld anslozuss, he felt that

Lo}
P
Q
,.-1.

& Tluorine substituted purine or dyrinmidine mnieght display tuuow

inhibiting activity. His synthesls of 5-FU &nd further sbudics
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established the efTectiveness of 5-FU e'“" sally in carcl-
nomgs of the breast end dlgastive tract (8).

Falkson and Sechultz (9) investigated the skin changes
following systenic 5«FU therapy end found that 31 of 85 patients
wore sengltive to sunlight. In thelr study of skin changes,
they observed 2 patient with light complexion and red halr who
had multiple keratoses on the face, arme, and hands, After on2
czposnre e sunitisght dueing pérenterul 5«10 administration, she
developzd epythems on the exposed parts, nost marked sround the
senile keratoses, The erythems dlisappeared three weeks after
stopping treatment, by which time the senile keratoses had dis-
appeared ag well. However, these began (o ryeavpsor a yeonr labal.
In several other patients, keratoses aend g=nlle lcehthyosiform
roughening of the skin weve seen to dilgappesy during therapy
without preceding erythena.

| It is interesting to note that these investigators
were not speclfically interested in actinic keratoses or skin
cancers of any type., However, thelr xecorded observations
have opened up several new areas of study in the therapy of
gkin cancewr

The earlliest attempts Lo apply 5-FU topleally were
made by Klein (3). His first reported case involved & 63 yeary
old white male, with & dlagnesls of primary adenoccarcinoms of

the colon., The pa b‘fﬂu developed pnetastatic leslions to the
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skin at other sites., A highly vasculaw iewion on the tip of
the »ight index finger was selected for study. DBlopsy showed
typleal netastatic adenoccarcinoma., A concentration of 20 pere
cent 5.FU in an unidentificd hydrophilic base was applied daily,
oveeph weekends, directly Lo the lesion.e WViihin 48 hours, a
necrotic layer was formed on the surface of the tumor, while
the skin of the non-involved area appsared normel. The vas-
cularliiy of the tumor was markedly reduced. Within elght days,
denarention of the tumer from the underlylng areas was apparent.
A blopsy taken at this time showed no tumor cells; necrosls
with heavy leukoeytic AInflltrvation was observed.

Continued topical applicatlon of 20 percent 5.-FU in
hydrophilic base ree ed in progressive necrosls of the sure
face of the tumor and demarcation of tho aalignant lerlon from
the underlying, non-invelved area, This vas accompanied by
reductlion in the size of the tunor and in conbtinuved reduction
of its wvascularity.

Another reporited case Involved a 35 year old white
nale with e dliagnosis of inoperoble adenccarelinomna of the colon.
The patient developed eztenslive mallgonant infiliration of the
anterior abdoninal wall exhibitiag two protubsrant nassss,
Preparvetion of 20 percent 5«FU in an unldentified hydrophilic
hage was applied toplcelly at dally intervals to the medlal

lesion, vihils unnedicaied hage was applied to the lateral
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protuberance asg & conbrol. Within 72 hours, necrosis and
decressed vascularity at the surfece of the treated leglion
was obsgerved., On continued tovnlezl application cf 5-FU in
hydrophilic basc, progressive necrosls and devascularization
off the treated areas were obsorved., No changes in the nor-
mzl swrrouznding gkin could bg detvermined. Although neithex
of these two early cases lnvolved cavcincmas of cutzneous
origlin, they sefved to show that 5-FU was toplcally effective
and that At displayed Little, LT eny, effect on normal tlssue,
Encouraged by the results of these early trlals,
Klein treated sevewral cases of keratocacanthoms (&), A lesion
of kevetocanthoma on the left car was trested with leocal ine
Jecetions of 0.4 ml. of a five percent solution of 5H-FU in sa-
line. These injections were adminlsterel direotly into the
baze to the tumor twice dally for 17 days., After 48 hours,

he gize of the lesion had decreased conslderably, The de-

<t

pressed cenbter of the lesion had undergone necrosls. By the
16th day, the tumor could not be seen. BPBlopsy falled to de-
monstrete tumor cells end ghowed normnal structuves of the skin
had romnined undamaged,

A lesion located posterior to the left ear was

treated with local applications of an olntnent coantaining 20
percent 5-FU in & hydrophilic base. The ointnent was applied

3

five tines dal affected area for 17 days. Dlopay at

e
;Jt
Ll

3
e
O
=
o
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the end of this period showed no tumor cells present end no
demage to normal epithelium and cormective tissue of the skin,

The third lesion of keratocanthomns was located on
the right ala of the nose. This lesion was {reated with local
injections of 0.1 ml, of & five percent solution of 5-FU which
vere admninlaetered every second day dlirectly to the base of the
tumor. After the seventh injectlion, 15 days after the Tirst
injection, no ciinical oy pathologleal evidence of residval
tumor could bhe demonstrated., The author concluded that 5.FU
causes rapid regression of keratocanthons, a cutanszous neoe
plasm of presumably viral origin.

In 1963, Nurse (10) studied the elffescts of some
antimetabolites on normal epldermal structurs, Inclvded in
the study was 5-FU. His preparation consisted of incorpvorating
5 ml. " the commerclally avallable ampule® (:
10 rl, ampule, pH 9) into 10 Gm. of Aon-pb0¢b This ointment

vais applied to psorlatic plagues without cover under Saray

Wrap® securad by Tubegonz e®, Slgnlficant changes were seen

{ 4> e
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“Avmﬁl able as 5H5=Fluorouracil fxou Roche Laboratories,
Nutley, New Jersoy.

Phuke TLaboratories ¢ Inec,, South Norwalk, Conn,

m

Cohe Dow Chemical Company, Midland, Michigan,

Afhe Scholl Movmfacturing Company, Inec., New York, N.

Y.
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in the plegues treated as described on the previous page.
In four of six petients, the plagues becams [latter, ery-
thena wes obeexwved and 2 rim of erosion developed at the
veriphery. Normal surrounding skin was unaffected, but

the patients exverienced sone discomfort and irritation.

7]

Healing left normal but planented skin and, when relapse
occurrad in one case, the periyhersl sireas which had been
eroded remzined normal and did not relapse,

Hurse also studiced the effect of the olntment on
noimal eplthelial cells. The 5-FU ointment was applled
daily or ecach sccond day to 5 X 5 cn. areas of skin, with
ccelusion by 'Saran Wran! secured by tape. In three of the
four volunteers, speclific changes were secn after application
of 5~FJ differing markedly from the control patch. In these
three subjects, erythena developed in arceasg where removal of
the tape had caused partisl skin stripping and sround the
follicles., 1In these sanme areas, punctate crosions developed
after eight to fourteen days, which healed rapidly with
residual pigmentoation persisting for many weeks,

Microscopically, blopsy specimens taken at the stage
of erosion showed edensa of the epldermis with loss of cell
ted

detall and; in places, epidermal destructlion. Many vascula

cells were present in the basal layeres of the epidermis. ale

though their relationship to melanocyltes could not be determined.
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There was 1lttle Inflammatory actlvity in the dermis, and
no damsge to sebaceous or sueat glands waes apparent,

Van Scobtt and Reiunertson (11) had earlier reported
that no effects could be observed on lesions of psoriagls or
on uninvolved skin when 5-FU was topically applied in o con-
centratiocn of 10 ng., pexr 2 ml, of water,

Goldman (5) reported on the response of skin cancer
to topleal therapy with 5-FU. His report showed that the
drug had some cybotoxie effect in some skin malignancies,

The topleal prepsrations included five percent 5-FU in Neobase®,

ent 5-7PU with five

Q

(an oil in water oiniment base) flve per
percent salicylic 16 in Neobage, and 20 paxcent 5-IF0 with
five pevcent salicylic ac¢id in Neobase, Salioylic acid was
used to help penetrate kervatotic leslons. Intralesional ine
jections of 5-1U solutions were made, with the solution taken
dlrectly from the smpule, 1 ml. containing‘ﬁo ng. of 5-FU
Control materiels for toplcal applicatlion, especlally in the
wart studlea, included the Neobase, and five percent salicylic
acid in Nechase. No control materisls were used Tor local in-

jectiona. Also, to help penetration, adhesive covering wasg

oi'ten us=ed after the applicaltion of the cream The crcams viere
applied in & thin layer over the tumor twlce deily for periods

<

rancineg from three woeks to elght weeks,

Bpurreughs Welleone and Co., Tuckahoe, N, Y,
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In & later work (12), Goldman Etudied the effect
of 5=FU0 upon verious warte, In thls study, he used 5+FU in
a concentration of five pevcent in Neobase and intralesional
injections Trom ampulies, He reported the drug Go be effective

in periungual and plantar types only 1T veed vnder occlusive

The nse of 5-FU in actinlc keratoses was studled in
detall by Dillaha, et al (6). In this work, the authors First
attempted Lo repeat the observationsa Felkson and Schulz (9).
They adminlstered intravenous 5-FU in the usual dosage scheduls
to a gingle patient with exteunsive actinle kerabtoses and squan-
ous and basal cell carcinomas of the face, neck, and dorsum
of the hands., Within 72 hours, they observed that numerous
keratoses were undergoing selective inflounatlion snd arecas of
gguamous carcinoma were beglnning to shrink, whlle szveral bogal
cell carcinonmas renmained unchanged, None of the leslong o
pletely dissppeared, and within two months o1l were as they
had bzen before therapy.

Following these results, these authors toplcally
applied 20 percent 5-FU in Hydrophilic Petrolatum U.S5.P, to
the ﬁkin of patlents with extensive actinlc kevatoses of the

face and neck, for a perlod of four weeks. ALl areas wensz

treated twice dally without ocelusive dresging. Apvrozinately
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60 G, of 20 percent 5-FU ointuent was dppliad to the entire
face end neck during a four weak period. An inflammatory re-
action was noticed within U8 to 72 hours in the keratotic area
without detectables alteration in the nowrmsl skin., During the
following two weeks, the resction becams mcfc brisk, and erc.
sions FTormed at the sites of the keratoses. In some of the

patlients, the inflemmatory process continved untlil the nedl-
catlion vas stopped, while in others epithelization began to

cover the ercded aress durling the last two weeks of treatment.

Healing proceeded rapidly in a1l patlents at the end of therapy

and vas usually completed in two to four weeks, resuliing in

ightly depressed smooth plnk scar. Ho evidences of haliy

An
ke
7

loss oy suppression of hsir growth was appavent, even though

the epldernal response was marked,

28,

Dillaha and coworkers also treated 19 cases of sguan-

ous and basal cell carcinomas in thls study. These responded
sinliarly to the 5-FU ointment and rapldly became eroded and

ulecerated, HinoiogicaL studies afflirmed that several carci-

»
0

nomas disappeared completely. Deecper and less saccesslible

Q

lesions responded slovly and incompletely with best results
following the use of an occlusive dressing.
Reported toxicities in the above study included

transient conjunctival lrritation in four patients with cor-

neal crosion in one of these., Thls vas eliunlinated by avolding
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application of the olntunent to the eyeclids., Also, they found
erythens and crusting In skin folds and creases in some patlents;

erosion of the lower 1lip was common, resembling the change pro-

duced by eystemic 5-¥U., No halr loss was observed. Three pam

tients noticed a phototoxic erythenms at the treatment sites
when exposed ©o the sun. Thig phototoxicity wes dlifusze, ine

volving normal skin, and subslded when the sun was avolded o
medjcation dlscontinued, One patient developed a profound
sehorrhele dermatitis of the face and secalp during the itwo week
rerlod immedlately following thexapy. The hair seemed unalteied.
In a later stvudy, Dillaha et 2). (13) continved their
work with 5=I"U by altering the concentraclion of the drugz.
Actinic keystoses were treated with olntrents containing one
parcent, 2.5 percent, or five percent concentration of H~FU in
Hydrophilic Ointment U.8.P, The auvtnors reported that obser-
valtion of patients treated with the five percent olntnent in-
dicated that the results were comparable Lo those obtained
with the 20 pervceent ointment. Although clearing was initially
conplete, early recurrence was noted Iin ell patients treated
with the one percent end 2.5 perceent ointments, Based on these
oba,rvaﬁions, they recommended that the five percent olniment,
applied twice dally, couvld be used as an effective outpatlent

treatment in the person with numerouns sctinic keratoses of the

face and neck.
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In additlon Lo the effect on kevatoses, the esvthors
observed that the normal skin folds and creases, particularly
the naszsolablal and retroz uvicaiqr arcas, regponded with ine

ammotion and evosion., They recommended that the patient
avold eapplication near the eye-~lid mergine and mvececutaneous
Junctions. They felt that the inflanmatory response, which
nalkes punseous indistinet areans of kervatosis In sun damaged
skin apparvent, could be used to advantage by the clinliclan,

Topical application of 5-FU labeled with carbon-ilk
in five patients, indicated that approximately slx percent 5-FU
is absorbed systemicslly. These deba along with repeated hena.-
tologic studies suggest that 5-FU olntment applied to limiited
skin areas is not absorbed in a degree that wonld vroduce gen
eral toxiclity.

In a more recent work, Stoll, Klein, and Casse (L)
also sfu\ ed the effects of varying the concentraltion of locally
edninlistered 5-FU on basal cell carcinomas. From previous
studics, they had noted that the varlables that appeared to
influence the effects of 5-PU upon the carcinomas included:
concentration of the agent, uvse of ocelugive dressings, dur-
ation of application, and nature of the vehlcle contalining the
agent.

in that report, the effects of different concentroe

L

tlong of 5-FU concurrently administered by inunctlon to mul-
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tiple, superficial, bassl cell carcinonse in the same patient
were comparaed. The ooncontrafiona sclected Tor study were
20 percent, Tive parcent, 0.5 percent, and 0.05 percent 5-T'U -
An hydrophilic base (Aquaphor). The 5-FU preparations were
applied concurrently to different lesgions on the same patient,
In one subject, the concentration or 5-FU was subsequently
lowered to 0.005 pexrcent because the 0,05 percent concentration e
had produced e morked reaction.
ALL ﬁreparations were applicd once dally for one
month. Application of 0.05 percent 5-FU for one week resulted
in no gross changes oxr slight erythema of the tunmors., Minimal
erythema usually appeared by the end of the sscond weak, with
a slight evythena persisting for a Tew weeks aflter the appli- [
cations were dlscontinued, No addltlonal changes were ween
with this low concentration in three subjects. Histological
examination following cessatlion of the application of 0.05
percent 5-FU showed persistent tumor in three Instances and
no tumor In two others.
The patient vho had shown marked gross changes and
tumor »esolution with the 0.05 perecent 5¢FU was further studied
with a 6,005 percent 5-FU prepoeration in an attempt to deterw-
mine the mininum concentratlon of 5-FU that would not produce

gross changes or tumor resolution, Two weeks after applying
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0.005 parcent 5-1°U, the tumor showed minimal erythena which
perslsted for some weeks after cessation of dreug adminlstration,
Histologleal exeminatioan showed no persistent tumor followlng

o

cessation of the appllcatlion of this low concentreation of 5-FU.
The site showed no recurrence of tumor during the year of ob-
servation. All the higher concentratlions of 5-FU studied in
this patient had also produced tumor resolutlon.

The 0.5 parcent concentratlion produced more rapld
and pronounced changes than those following sapplication of
0.05 pereent 5H-FU, Histologleal examination one month follove
ing cessation of 5-FU applicatlion showed persigtent tumor in
two instances and absence of lumor in three insbanceg,

Application of five and 20 percent cmmcentratléns
produced gross changes that were more 1ranid in onszset and more
marked than those following application of the lower concen-
tratioﬁse Erythema, increase in height of the tumor site and/
or surface denvdstion appeared with the first week of appli-
cation. Ulceration of the tumor was evident during the second
week of applicatlon. During the thirzxd end fourth wecks, there
was progressive increase in the degree and extent of erythens
and in the area of necrosls. Erythema and uwleceration sxtended

beyond the avca of clinically evident tumor in all five legiong
L3

to which the 20 percent 5-F'U preparation bhad been applied,
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With the five percent 5-FU prepavatlon, QLyuhbm“ and uwleceration
were usually limlted to the avea of gross ftumor involvement.
ATter cessatlon of application of five percent and 20 percent
5-FU, histological erxaminatlion revealed persistont tumor in
one instance and no tumor in the other nine instances,

in a double-blind study on the effectn of local ad-

minisvration of anti-«tumor agents in basal cell carcinowns,

“Klein et al. (15) administered 20 pewrcent 5-FU in Acld lantle

R e,

Crean®, using the Acid Hentle Cream bass &s a control, The

study included eix basal cell cavelinomse, In most of the tumers,

erythema bLecame evident within 28 to 48 hours. Continued dally
avplication of 5-FU undexr occlusive dresasling produced lncreased
erythema,. Denudetion of the epiltheliuvum znd uwleceration through
the epithelium appeared in poritlons of the tumor and uvsuslly

evitinated by involving the whole surface of the tumor. The
base of the ulceration was soft, presumably because of necrosis
of the tumor the was microscoplcally evident ai that tine,.
Five of the &ix bumOPW studlied were no longer evident follows
ing adninistration of the agent. All showed smooth slightly
depressed erythemnatous sltes.,

The response of Bowenoid conditions of the skin to

5.FU was revorted by Jansen, Dillaha, and Honeycutt (16).

B S e S AR TS T A B T E BT ST ey ST

fDome Yaboratories, New York, N. Y.
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A Tive percent or 20 percent 5-FU in Hydrophilic Olntnent
U,8.P, wag applied twlce daily wlithout occlusion to
volved areas for a four week period, Within a week, a byrlsl
erythena and erosion of the involved skin ocourred, Thls re-
action progressed until an vlecerated denvded dlssolution of
the lesicn resulted, In a two to four week period Followlng
the appliecation, a flat, smooth, slightly depressed, healed
area of skin had replaced the uwleeration. Lesions in nine of
thirteen patients responded promptly alfter one month of treat-
nent with eclearing, In three instances small recurrent areas
required reapplication of the ointment, but once sgain a good

solution Yollowed.

These early studles served Lo eztablish the uvsefal-
ness of 5-FU in topical therapy. . The vavious ccucenbrations
used established that strengths as low as five percent and per.
haps lower vere clinically effective., The variely of olntnent
bases used serves to emphasize the need for studles to deter-

nine an optinun topj01] formulation for this therapeutic agent.

Theoretlonl Considerations

S=Flunorouracil is & white crystalline, odorless

C

compound which 1s stable when exposed to air and which melts

between 2819 and 283° ¢. One Gm., digsolves in 80 ml. of water,
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170 ml. of ethanol, and 55 nl, of methaﬁol. It is practically
insoluble in chloroform, ether, and benzene. The solubility
in aquecus solutions increases with increasing pH of the solu-
tion (17). Structurecs end physical propertiesg of uracil and

51U arxe shown in Table I . (18).

TABLE I o

Structures and FPhysical Properties
Uracil and S5~Fluorouracll

o b e ST e, e e 8PS
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S-Fluorouraclil is e congener of uracil which acts
both as & survogzate and an antimetabolite of that mueleotide,

It has bzen showm that 5-FU is converied in a living cell into

the ribonuecleoslide mono-, dl. and triphosphates and into RNA,
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and 1s slso converted into Se-fluoro-2t=dacxy-uridine-5inono=
phoaphate, The latter combvound prevents DNA synthesls by
blocking the conversion of uridine monophosphate to thymidine
monophosphate (19), Thue net result ig thought to be & fluorl-
nated RNA polecule gnd & thymidine deflcient DNA molecule.

Fistopathological studies (6) verify the clinical
observations of the reactlon and selective effect. In tlssue
baken after treatment with 5+FU, there is enlargemnent of the
epithelial cells, blzarre nuclear distortion, considerable
acantholysle,; edema, invensliiication of the mononuclear ine

Tlemnnatory x»ecaction and eventual sloughing awny of the reaction

Percutencous Absorpbion

The conslideration of the mechanlisms involved in the
pasaage of mediclinal substances through the skin ls of primary
coneeyn in the study of ointmeant bases and thely subsequent re.
lease of nedicatlon, Intelligent formulation of dermatolegical
preperations depends on & thorough vnderstending of percutenzons
sbhsorpbicn: the penetration ol substancss Trom ths outszide Into
the skin and throuvgh the skin into the blood sbirezm (25),

The dlrect tovical applicatlon of nelication is often
the preferved route of adninistration, as iun the case of anti-

hlstaming, coxitlicosterolds, antibliotlcs, and sntifungal. prep-
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arzticna, Lt can be assumed that by this route of sdminile-
tration of & drup in the local tlesve can be reached wlth
minimun amounts and the possiblility of untoward toxic resctions
may be minimized (20). Often, depending upon the varticulayw

kin condition under consideration and the drug of cholce,
topical application is the only route posglble or reasonable.

For these and many other reasgons, the study of the relecase of

wd

subsequent penetration

o

o B
i

medication from olnbment bases and it
into the skin 1s of practlcal and seclentific interecst. It is,

therefore, important that the efficiency of the vehicle in

allowing or yremoting the diffusion, penctration, and absorp-
tion of agents incorporated in it be determined (21). Althougl
dermatolosical vehicles, themselves, may not penstrate the skin
to any extent noyr actually carey the medication through the
epidermal barrier, it is known that the clinicel effectiveness
of & Arug may vary when it is incorporated in different vehliceles
(22), The cholece of an optimum vehicle FTor a portleunlar medi-
cement depands on the physlcecal and chemical properties of the
drug, alone and in the wvehiecle, as well ss the nature of the
skin condition beling treated (23).

Oinbuents are deflined as seni-solld prevavabions for

external aoplication and of such & consistency that they may

be applied to the skin by inunctlon, The olantment basze has

,..
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there., As pointed out above, the nature of the bage will
also influsnce the penetration of the drug into the skin.

The medicinal agent must be brought into intimatle
contact with the skin so that the Incorporated medicament
s gvallable locally at the slte of application where its
action is desived. In a broad sense, an olntment bhase nay
be considered the 'solvent' inlo which an sctive ingredlent
is lncorporated for ease of application. In the past, the
base hag been regorded as o conpletely passive carrier, the
cholce of which was left completely to personal pre ence,
Howaver, the ointment base must permit the active constlituent
to exert its full) therapeutlc effect. The nedicaneat of proven

theropsutic ussgzge cariaot be incorporated into any convenient

basge, becsuse the medicatlion nay exhibit little or no activity
due to a restricting influence of that basce (24),

Theoxies on the baslic mechnenism which 1s largely ros-
gponslible for vercubanecous absorption through intact skin are
still subject to a great deal of controversy. There is gon
eral sereemont that there ave potentlally three distinet youtes
of penetrabtion through the skin: the follicul&r openings, the
sveut dﬁcts, and the unbroken stratun corvneun bziwveen those
aprendaces. There is sone dlvision of opinion as to which

off tine above 1ls the principle route of peneitration. One group

fevovse the theory of percutancous asbsorpiion primarily by dif-
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fusion via syeat ducts and halr follleles, the other hold-
ing that diffusion through the unbroken stratun corneum is
the principle pathway (26). It is likely that 81l these

avenvaes take part in the transfer of suboiances through the
gkin. Under the appropriaste conditicns, each one of the three
contending »routes of penetration may be, in turn, overwhelme
lugly dominant,

Ae the epidermls presents a suriace area 1000 times
greater than the sebaceous glands or sweabt glendeg, it must,
of necessity, be glven conslderation. The film on the surface
of the skin ls composed of sebum, sweat, and desqguenating horny
layer, and has a complez chemnical composition. The character
and extent of its interaction wlth the penstrating agent are
unpr-edictable (27).

The horny layer. wnich is 20 to B0 microns in thick-
ness, s composed laorgely of keratin, a proteln containing
sulfhydryl groups, which absorbs a larvge anount of water and
other polay compounds., The horny lever also contains surface
1ipid which may spread slong the channele betiwreen cells and
absorb lipld-soluble material. It may thus act as a spongs,
becoming a reserevolry for the penetrating agent ard paintaining
a maximun concentration gradient Just above the barxrier layeg,

thus possitly hindering further venetration,
'

The 'barvler laver! is proposed Lo ba located belbvesen

the horny leyer and gianular layer. 16 As stoted to be an
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electronegatively charged barrler which wrepels anlons and
attracts end holds cations from further penetration (23).

The barrler layer is also sald to check the tranzfer of water
scross the skin, This layer 1s aboul 10 microns thick and
1s thought to prevent the penetration of molecules having
nolecular welghts greater than 200 or 300 (28); although the
diameter of the pores in the intercellular spaces in the baye
riey layer is miuch larger then the largest penetrating molecule,
Thus the restraining fowrce may be the moleculsye inbteractlon
between the penetrant end pore contents, in additlon to electro-
totic forces. If the penetrating agent has a high electio-
statlice charge, e.g., lons, the electrostatic Torce is so great
that no penetration occurs., If the agent has o water-lipid
rartition coefflcient of approximately 1, it hag the highest
penetration, The barrier must then have both pelar and non-
polar groups in the pore contents (27). It thus appears that
the ratioc of the solubllities in water and in lipids is an inp-
portant fector in the absorption of substences through the skin.
Absorption through appendseges, €.8., the halr folll-
cles, Ls believed to be a major avente for percubansous absorp-

tion. The pllosebaceous apparatus helds a prominent role in

percutansous sbucrption. This concept takes into conslderation
the solublility of the drug in sebun,

In the uppor portlon of the follieular canal, the
hair shaft does nob sdhere to the folllcular wall, and, thexe-
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fore, a space 18 formed which is [illed with horny scale and
alr. This interspace ie continuous with the duet of the gew~
baceous gland, and the scbhbum from thls duct eventually eumpties
into the interspace. Therefore, sny nedication possesgsing &
golubllity in sebum may penetrate this space and reach inslde
of the sebaceous gland whoge membreane ig more permeable than
the epldernal barrier. From the sebaccous gland and halyr fol-
licles, medicaménts ney penetrate dovmward into the corium and
from there into the blood, thusg by-passiag the barrier layer.

Any abnormnal condltion of the skin may alter normal
absorption patterns. If the barrler is destroyed by trauma,
a3 in cuts, chapping, ruptured blisters, or eczema, all sub-
stances may pass freely into the dermis (27). Higuchi (29)
hag studled the importance of the thermodyunamlic vroperties of
a medicament ag 1L relates Lo 1Ts perceutaneous absorpbtlion,
These propertlies include the thermodynamic activity of the drug
In the vehicle 2nd in the skin barrier phase, and the diffuslon
coefficient of the drug in the vehlele and skin barrier phase
In his work, Higuehli set up an cquation foxr an ldealized systen
which showed the main characteristics of the penetrating agent
vhich determine ite rate of entry throngh the skin to be iis
effoctive Alstribution coefTiclent end diffusion in the barvier
phase of the skin. The product of these two is relfenred to as
the '‘povmeabllity constant. Higucehit's equation follows:

dg = (P.CG) (goncentr
at
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where(P.C.) ig the effective distributién cocfiiclient of the
venetrating medicanent between the vehicle and the barrier
of the skin: (cencentration of drug), the concentration of

el
1

the medlcament in the vehiele; D, the effective average dif-
fusion of the medlicament in the bharrler phase; A, the effective
croas sectlon ares; and I, the effective thickness of the bajpe
rler phose.

The important variable in the permeabllity constant
of Higuchl is the effectlive distribution coefficlient factor
sinece the diffusion of & substance of similar molecular welght
and shape usuelly differs only slightly- The distribution
coefficient, on the other hand, scems to be an extremsly &ene
gitive Tunction of molecular structure and gizse (29).

Although the skin e relatively imperncable to water,
its presence in the vehlcle and in the skin haeg en influancs
on the penetration of substances and on percotancous absorys-
tion, The hydration of the stratum cornsum appears to increass

the rate of passage of ell substances which penetrate the skin,

There is not only a physical alteratlion of the tissue due to
hydration but also at high water ectivities there will be

o~

changes in both the diffusion cocfficient and activity coef-
Ticients of the penetrating agent (29). Wurster and Kramep
(30), investigating the absorption of three salicylste esters,

A “ln oy da - e B oam e o - & S P N A o = " ~
l that a lerse incyrease in thelr absorpticn rates
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was produvced by increased nolsture GOHUJLLOH*np. They

assumed that perculancous absorptlon involves a dlffusional

process, l.e., the spontaneous movenent of a substance from

an area of high concentration to an area of low concentratlon
in the tissue flulds, They concludad that the magnitude of

the effect of molsture on percutancouns diffusional rates
appears to be proportlional to the oll/water distribution coef.
ficient and the water solubldllity of the test substance, The
greatest increese of the penetration rate by mnolsture was

fournd in the penetrant with the snmallest oil/water distribution
coefficient,

In view of the sbove obgervatlicns, ths effect of
vehicles on percubtaneous absorptlon must be considered. Not
only may the vehlcle alter the degree of hydralion of the skin,
but it may selso influence absorption and penetration in other
ways., Greases and olls are the most occlusive vehlecles and ine
duce the greatest hydration through sweat accumulation at the
gkin-vehicle 1ntaxface. Emulsionsg of the water-in-oll type
are somewnat less occlusive than greases., Oll-in-water emul-
sions tend to invert as the outer ggueous phase evaporates,
and the final state may be considercd to be a continuvous oil
film containing othexr dlssolved or suspsnded substances. Water
soluble vehicles produce the least change in hydration of the
fere with

stratum cornsum. All pouders probably tend to intew
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the continuity of oil films end, in thigimaunar, probably
decrease the occlusive effect of any vehicle in which they
are uged, It should be noted that if an ointment is covered
with a bandage, thera will be a tendency to hold perspiration
end incvessed hydration mey occur (31). Further, the thicke
ness of the applied film o toplcal preparetions will aiso
dlrectly arffect hydration of the stratum corneun,

Absorption of medicaments 1ls frequently found Lo be
better from animal and vegetable olls than from minerzl olls
becavse the former readily penelrate the skin (23). Higuchi
(29) stated that the epplication of many solvents, othese than

water, appesvs Lo cpuse marked alteratiocn in the resiatance
of the skin barvier toward penetration endi that this sheaomenon
is possibly caused by marked changes preluced by sueh solvents
in the sctivity coefficlent and dlffusion constant of the
renetrating agent in the skin barrier.

Another Tactor that may influence percutaneous absorp-
tion 18 the presence of a surfactant in the base. Thesce conm-
ponente offer possibllitlies of ilmproving topical vehleles and
pronoting & nore thorough diffusion of the medicament from the
vehicle, thue influencing therapeutic performance (32). As
the concentration of the surfactent is increzssed up to a certain
perveentage, tha absorption and penetration of the medlcawment is

generally increased,
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A conmplebe delineatlon of the various factors which
may efiecct the absorptlon characterlatice of a topleal prep-

e concentration

—

arvatlon might also include considerations of t
of mudlceanment, P of vehicles;, areas of application, and the

effective thickness of the skin bari-ler phase (29).
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enulsificrs from the Miranol?® and Brijb'group of surfactante
in concentrations of one to three porecent as glven in Table IT.
Only those formulations showing accenbable physical properties
were used 1w the study. Included in Table 11 are the commer-
cial bases which wevre tested in this work.

An experimental base was prepared wlth the following

formulation.

Base No. 11l Experinental Base

Polyethylene Glycol-l400 Monosteszrate . « 15 Gn.
Propylene Glycol Monostearate . + « « « 35 Gn,
G',L},‘CCI’JI’I € © e © e © o © ¢ © © ¢ ¢ e o & C; (‘T.‘.’."l.
HBEOE — v o vt ey vt gkl ST

The SmFluoroura011,° ag recelved, vas in cryetalline
form and wae reduced to a fine powder before incorporation
into the ointment bases, In the agar plate studles Lt was
found necessary to use & maximum concentraiion of 0.0l percent
5<-FU to obtain zones of measurable dlameters., A standard solu-
tion containing 2 mg. of 5-FU per milliliter of watexr was pre-
pared and 1 ml. of this solutlion was incorporvated Anto 20 Gu.

of cach cointment base studied,

87he Hiranol Chemlcal Company, Inc., Jrvington, N. J.

DPhe Atlas Powde: Conpany, Wilmington, Delavare

Cgupplied by V. BE. Scott, Hoffman Le Roche Laborator-
les, Nutley, New Jersey.,
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In the in ¥lvo studles, the finely reduced powdewr

wes Ancorporated dilrectly into the olntment bases usling stande

avd pharmaceutical methods, A co

-

5-FU wes used and the ointments ws
ordinary

the investigative period,

acentration of Tlve perceat

re cach pasged throusn an

oinbient mill twice, The Tiplshed clntmsnts vere stored in

nal olntment jJars st room tenperature throughout

In Vitro Hvaluatlon of Diug Release

A widely sasccepted method

of colantnent base evalustion

hags been the egar plate or agaxr cup-plate vrocedures or thely

nodifications. These procedures were first describad by Rushle

and Brewer (34) of the U. S. Department of Agriculture and wers

used in thls sgtudy with a few moﬁ

Based on the suggested a

a8 described in the Roche Product |

A.T.0.C. # 9341, was selected as
woe maintalned on nutrient agax
nutirient broth for at least {ive
the tests weve porformed,
Porcelalin penlicylinders
sterllie 100 = 20 mm, Petri dishes

ml. of erile matrient agar, whi

ifications,
ssay of 5-FU in body fluids,

arcins lutea

2 At AT - -- s s

eference (35), S

the test organism Tha culture
being trenasferred daily into

concecutbive tronsfers hefore

vere placed in the centexr of
with gless covers. Twenty

ch had been seeded with 0.1

wl. of a 2h~houvr culture of the test orgenism, vwag poured into
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zach dlsh around the penlceylinder, wheﬁ the agar had cooled,
the penicyllinder was removed and the resulting cup filled
with exactly 0.2 nml. of olntment, dispensed by disposable
plastic syringes of 2.5 ml, capacity. Only one ointment
could be placed in each Petrl dish becansze of the large di-
ametey of the resulling zZone of inhibltion, A sect of obsere
vations consisted of four plates conbtalining the 5-FU oiut-
ment and one control plate with the corresponding ointment
base. ALL plates were incubated at 37° for 2i hours and the
extent of wvelease of the drug was deteriined by measuring the
diameter of the zone of inhibltlion from the edge of the ointe
ment to the edge of the zZone. The averages of the zones of
inhibition from the four plates, for each 5FU olntment. are

tabulated in Table IIT,

in Vivo Evaluvabtlon of Drug Pencbration

PRES R S5 PPy R mTan 4 et et

White gulnea pigs, uwelpghing avoroximately 200 to

600 G, were &eiebted= without regard to sex, for use in
this study. The backs of the aninzals were clipped, uvrnder
light ether snegtheala, with a Toastmaster haly clippsr and
shaved with a Sunbezan electric shaver, -On the day following
the clipping, agalin urder light ether anesthesia, an orso 4

hoem, was marked off on the shaven back of each of Toun animnals.

}1 ~

Exactly 2 Gm. of the ointment %o be tested was spread over the
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area, with minimum friction and pressure, using a warm spatule.,

-
-

thout covering the inuncted site, the enimals vere returned
to individuzl ca f'or four hours, the time Iinterval inrn which

maximum absorpvlon wes reported by Stolar, el al. (36), At

the end of that verlcd, cach anlnel was adminlstered deep ether

of

anegsthesia, and the excess ointment removed thoroughly with a

spatuls and c)ean, dry gauze gponges. The anlnal was then sace
rificed with a bludgeon, the entire section of medicated gkin
removed, stretceched to original size and shape, plsced in alumi-
nom foll and guickly frozen at i

Standard skin plus 5-FU curves were prepared by plac.

te

ing knowm welghts of skin sectiong in 50 al., gloss stoppered

o)

erlenmeyer rlesks and e4ding Xnowm volumss of & standard 5-FU0
solution (100 mg. of 5~FU dissolved Ain 100 nl, of water) and
sufficlient water Lo bring that volume to 2 nl. After adding
0.5 ml. of 6 N HCIL, each flask was placed on a stean bath for
30 minutes, At the end of the digestlion period, the flask
was shaken vigorously for 60 seconds to break up the tissue
and cooled for Five ninutes, Xxactly 2 ml. of a sabturated
solution of ammonium sulfate were added before a final shaking
30 séconﬂse Finally, the nixture wasg dbrousht to & volune
of 29.5 ml, by the additicn of 25 ml. of water. The entire
mixture was transferred to & thlcek-wallied centrifuge tube and

! i

centrifuged at 1500 r.p.m, for 5 minutes. Following. filtration

P
A
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of the solution through Whatnan No, Ik filter paper, the
absorbance of the solution wag determined on & Bausch and
Lomb Spectronic 600 spectrophobometer at 2065 millimicrons,
All readings taken in this study were agalinst a blank of

2 ml. of water end 0,5 ml, of 6 N HCL, processed &g descrlbed
above, The standard curve was constructed on lincaxr graph
paper with absorbance plotted sgainst nilligrams of 5-FU,

A standard absorbance curve for 5-FU slone was also
preparced, by combining known volumes of a standard H-Fu solu-
tion with sufficlent water to bring that volume o 2 mi. add-
ing 0.5 ml, 6 N HCL and proceeding as under the standsrd skin
plus 5-FU curve. The standard curve was plobied with absorbe-
ance against milligrems of 5-FU,

A standard skin curve was obtalined by plseing knoun
welghts of skin An 50 ml. glass stoppered erlenueyer flasks,
» o volune of 2 ml, of water and 0.5 ml, of 6 N HCIL and
proceeding as under the standard skin plus 5-FU curve. The
standari cuweve was constructed with absorbance plotted agalnst
nilligrans of askin,

Prelininary spectrophotometrlic investigations showed

thot untrested guinea plg skin, taken through the eanalytical
procedure, gave a maximaa ghsorbence in the range of approxl.

nately 269 millimterons, which int :h the analysis

the abhsorbonces ol

i
{

of 5«17 at 265 millimicvons. Mowever, whe
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samples, read et 265 millinlcrons, were.plotted against the
welghts of skin, a stralght line plot was obtalined, which
orlginated at zZero., This plot is gliven in Graph 1. Uslng
thess values, the absorbance per 100 mg. of skin welght was
calcvlated to be 0.75 (Table IV), indicating that for a gilven
welght of skin a constant absorbance could be expected, Use-
ing Graph 1, the absorbance covresponding to eny given skin
weight could be deternined, In order to further test this ob-
servation, the absorbance from samples of apovroximately 100
mg. each of skin, plus known varled amounts of 5-FU, was plot-
ted againgt milligrams of 5-FU. Graph 24 shows that this
curve was a straight line originating at 0.75. From these
two observetions, it was concluded that il the skin absorbe
snce values from Graph 1 were subtracted from the sbeorbance
values in Graph 2A, the remainder should yleld absorbances
for the corrvesponding emounts of 5-FU alone. These calcu-
lations are gilven in Table IV, Graph 2B shows the colinci.
dence of valueg so calculated, and those recorded for the
5«1 sgtandanrd curve, supporting the above conclusion.

Uging this approach, it was possible to demonstraie
that thé abacrbance of a kanowun welght of skin in the blopsy
samples svudied could be deducted from the recorded total
absorbance of the saaple, thus glving th2 absorbance value

<

representing the 5-FU., Tt must be polnted out that no attenpt
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was made in this Investlgation Lo deteruine absolute drug
content in the tilssues, but rather, the relative concentrations
attained from the basgses employed were deternined, and the ap-
parent differences, 1f any, were attributed to the vehlcle,
In the actual anaslysis procedure standard skin curves were
prepared from skin taken from the control gulnes plgs to
which the olntment base under consideratlion had been applied,
This was necess ﬁLy to account for any slight absorbance of
light by the ointment base itself. These curves are given
in Graphs 3, 4, 5, and 6,

Quantities of 5-1'U in the skin of the test anlmals

were determined by cubting four sanmples, 2 cm. by 2 Chle,

from the inuncted area of the frozen siin, walghlng each
gample rapidly, and digesting it in 0.5 ml. of 6 N HCL and

2 ml., of water on a steam bath for 30 minutes, in a glass
stoppered erlenmeyer flask The digested tissue was shaken
vigorously for 60 sgecconds to break up the tissue and the assay
continued as under preperation of the standard skin plus 5-FU
curve, The quantities of 5-FU found were cal oulatodrto milli..
grams per gram of skin sample. hesulls Qf these assays are

given in Tableés V, VI, Vii, and VILI.
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Absorbance Values for 5-FU and Guinea Plg Skin Sanples
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Caleculated Absorbance
Welght of Skin (mg.) Absorbance of 100 mg. of Skin

R T P - A ik : Ragaie

A Ay T T A A W BN St T AT B b 5 AR (i )

P A B o WP v R o D

7o 6 0.56 0.75
88,4 0.62 0.74
9547 0.81 0.85
110.0 0.80 0.73
126.2 0.90 0.75

132.6 0.95 0.72

[ ——

Average 0.75

Conparison of Calculated Values of 5-FU with Recorded Values

R b T . e A B3 A AT T AL B S w1

s .

Weight of  Amount of Recorded  Calculated Recorded
Skin 570 (mg, ) Absorbance Absorbaucs Absorbance
(mg.) 5=FU 51U

B b A A TR e P R 8 B W T BT SR 8 N L M e R L e ek 9 S U € 20,

106.?.- ‘:" 091 j.ooz 0020 0.20

L S e

104,0 0.2 1,18 0.38 0
1.-1.3¢8 ']' OnB 11.15’3 0551 0:55
11802 i Oa}'!' 10?0 0969 0



S F———

Abgorbance

1.6

1.0

6,8

0.6

Lo

o S £ SRS BV S T 0 e P Y T ] Y L A T A R 1 A Sl W A N s o

i AL e e o B A RS i S A A el

Milligrans of Skin

s g e e o = sk
50 100 150 200 250 300
T




S Y P

Absorbance

B

0.8

0.2

B

-8~ Recorded 5-
eul d

!
. 7
Milligrams 5-Fluorouraci

Graph 2
A. O8kin Plus 5-Fluorouracil C

B, 5-Fluorouracil Curve

il 2 S i Y S i S P A A S S i i e B O B A SR e O A N

FU Abgorbance

5-17U Value
e PR
3 0.
=

rave

I



S

Absorbance

1.6

1.2

0.8

0.6

(O

0.2

i

Milligrams

- 1
Grahn
ve of Skin wilth

150

R A A VTS A AR T T AR B A

ey )
of S

TSN WM TP e O Py er
500 550

s T T A A S TR R 8§

kin

O

wnte 2 % 2 A T e A
pnillce Qintnent

N e

Ty o
300




R ——

Absgorbance

1.6

0.6

0.l

B i e

L;( gk
50 100 150 200 250 300

| TEE AT IHERIAE I IR NSRS, SO e S

L



Absorbance

P A B T T e T L

1,4k
1.0
| 0.8}

0‘6..

0.4

50 10 150 200
Lilligrams of Skin
Graph 5

g J0. Y - | Y aa = P o] €Y+ an » 2 2a} Y417 i la S b Y | T 4= s - t
Standaerd Curve of 8Skin with BHydrophilic Petrolatum



Absoz

1.6

0.6

et e

200
lid1lligrans of Sk
Graph 6

Standard Curve of Skin wlith Bx

e VR A A i TS AW AL AR B TN, S S VA S e S T N A T T ey

LN

e ma E el 5 W o
perinental Basge

I S —
250 30




T e e T P

L6

TABLE Vv

Penetration of 5«FU from
Hydrophlillic Olntment U.S.P. XVII

Weight (Gm.) of ng. of 5=FU

Animal Skin Sample Per Gm. S8kin

Y o R A AN s WAR PR T ST A L A AR T R W R B T 8 R Tt S T MRS T R SR

i 0.0993 1.66
0.1048 0.72
0.1287 5,11
0.1041 0.72

Ly ]

0.1544 0,72
0,1145 1.4
0,160 0,81
0.09987 0.81
3 0.1148 1.80

0.0979 1,43

0.1120 1.12

0.1017 2,66
he 0.0996 0.5
0,098 0.66
0.1105 0.5
0.1.000 0.l

Average 1.19
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TABLE L

Penetration of 5-FU from Aguaphor

RS AT TR ] B T R Ll S S AT A TS B R R e A B R S 0 R N BT B R 8 A SR R A B . B T I A B0 -l W A

A R R A R T R S M AL B A B S TV S S AL AP ST Sa s R 4 T S A 4 VA s o s sy

Aninmal

O A € T P P PN S

Welght (Gm.) of ng. of 5-F)
Skin Sanple Per Gm, Skin

wrare T - 1% S A AR T e 8

0.0855
0.1095

none detscted
0.0847
0.1121%
0.1139
0.11L5

nong detacied
0,1259
0.1029
0,096
0.11172

none detected
0.1042
C.0698
0.1161 0
0:1062 0.29
0.1032 0

0,0962 0.3%

Average 0,0%
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T-A-B-1i"BE - VII

Penetration of 5-FU from
Hydrophilic Petrolatum U.8.P. XVII

I £ astmn Y A Pl A 8 58 S B e T s AR BN A 8 e R AT S S A £ A P R S R 0 A T S 4 S P AR A s 3 YT W AT

BT U T YA R ML P K e ST s TR A | PTG B2 B SAN BP R A AT AT AR 8 R PR A R RS Y B AR SR W 4, B 2550 S B DR AR e S O 450

Aninal

S R T S, el R

10

1i

12

Weilght (Gn.) of ng. of 5~¥U
Skin Sanmple Per Gm, Skin

A B £ LN 5 PR Y S A IR T i L P S T A B o AR A

00,1498
C.1641
0.1579
0.1562

none detected

0.0759 0
C.0732 0
Oe851 001?
0.0?0!‘!’ Otl‘!!'
0.1056
0.1163
none aoetected
0.1058
@,1215
0.0952
0.0859
none detected

0.1205
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TABLE

VIIX

Penetration of 51U fronm
Experimentel Base 11

i
¢
a
3

Animal

e T A A e RS £ R S R e

LA R T L L R P A S B S L AT R g G S s AL

B e

Weight (Gm,) of

Skin Sample

E TR

e e e s e e

mg, of 5-FU
Per Gm., Skin
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13

1k

15

16

0+2113
0.2385
0.2070
0.1812
0.2268
0.2302
0.2663
0.2520
0.2452
0.3099
0.2222
0.2470
0.1.901
0.2259
0.1881
0.1954
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none detecied
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CHAPTER Iix
DISCUSSTION

Ointmentes are semi-~golid preparations used primarily as
vehleles or bases for the toplcal application of active medie-
clnal substances, They should be of such consistency that they-
may be applied to the ekin by inmunection. Ideally, an ointment
base should be stable, smooth and pliable, non-irvritating, non-
sensltizing and able to readlly release its incorporated medl.-
cation, Marther, it should be able Lo absordb waler and other
liquid prevavatlions,

As no single ointment base possesses all of the above
characteristics 1t 1ls necesgary to have a knowledge ol the lne

dividuval characteristics of varlous bases in oxder that an

o)

accepbable formulation can be svepcsteu,

Oleaginous, absorptlion and emulsion ointrent bases were
included ia this study. Each of these types of bases has cer-
tain advantages snd disadvantages under & given situation. The
oleagincus base, such &8 whilte petrblatum has a low water ab-
sorbing capacity, and is not washable, but normally id very
compaticle with the skin, The absorption ointment hases gen-
erally have a high index of conmpatibillity toward the majoriiy

3

of medicaments used topieally. These bases are anhydrous,

bl il absordb large amounits of water and, like the oleaglnons

bases, still possess the provorty of greassiness, but are move
readily removable from the skin, Emulslon ointment bases ox

.

50
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washable ointmenlt bases as they are often called, are actually

s0lid emulslonz, Bases of this type will permit the incorp-

=

oretion of small smouvnts of water wlthout reducing the con-
sistency of the base below that of a =oft cream. These bases
are generally smooth, white seml-solid preperations with good
cosmetlc accepiance, The surfoctants which these bascs cone
tain gre known to enhance relesse and penetratlion of many
nedlcaments, whila they may Inhibit the release of others.
The water in-oll emulsion base can be removed from the skin
and clothing with water. The present trend seenms to be toward
the usze of cmulsion ointments or creams, whenever compatebility
with the active ingeedient allows the usa of guch & vehlele,

The ezperimental base, consisting of valyethylene plyocol
L3O monostearate, propylene glycol monostearate, glycarin and
vater ney be classed a hydrous glycol olntment base, Thiws
hydrous base is a glossy, white seml~so0lid, which has good
coanetiec charvacteristics. The formvlation orlginally did not
include glycerin, However, preliminary work indicated that the
additicen of glycerin made the base smoother and nore pliable,
It will incorporale liquids up to ten porcent of the total
velght of the preduct witheut reducing the consistency below
that of a saft crean,

Release pnd penabration probvably occuvrs from all oint-

ment baseg, although in some instances the relenss and pensira-

Al
;\
t_
e
—
o

tion may be so slignt as to be insignificant. This e
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be the case with 5-FU in oleaginous and sbsorption type bases,
In general, the degree of release and penetration depends on
many factors: (1) the physico-chemlcal relationship between
the nedicoment and vehlele and/ow components, (2) the physico-
chenlceal relationshlip between the medicament and tissue, (3)
the condition of the skin, d.e. whether it ls intact or abireded,
(4) the degree of hydraticn of the skin, (5) the degree of
inunstion, and (6) the concentration of the medlcament. The
problem lies in knowing whelt degree of release and penetbtration
wlll be achieved from a particular combinatlon.

From the above dliscussion and the observatlons yeviewed
on parentansous absorption in the introduction, 1 appears
that, at present, the most acceptable approsch Lo ointmenit base
evaluation 1s to estimate the release of each active ingredient
on an individual basis, because of the myrisd of factors which
ultinately affect the overall performance of various formila-

tions, The researcher can then make appropriate declsions,

based on the eagentts individuval chemlcal and physlcal propertles,

ite intendod uvwse, and the conditvicn of the patient's skin.
® *

Tae selection of o Lopleal vehicle for 5-FU, thus far,
has been inflvenced largely by the forva avalilable to the ine
vestlgator. Whzn the agent was agvailable o him only in the
connercizlly availlable ampule, the investigator was forced to

4

gelect: & bese vhich would dncorporate the volume of liguid,
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sually selscted hag been
cognetlice characteristics.
off ointment bases used in
comparative evaluation of
studlies, high concentratio

of application for clinica

cases, it le possible that
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was available; the olintment bhag

an emulslon type with more acceptable
Thusg, the several ALfferent types
the studies of topical 5-FU has maie
the results difficult, In several

ns appeared to regulire long veiriods
11y acceptable resulis, In those

the ointment base selected may have

been responsible for inhiblting the releasze of 5-FU,

In the present work the release of 5-FU from o varlety

of experinental and commer

clally avallable ointuent basecs was

studled by in vibtro and in vivo methods. In the in vityo

studies, various emulsifie

S

e weve employed in the hydrophilic

ointmnent formulation in en atvempt to detarmine 1L the type of

emvlsificr or its concentration might influence the release

of the agent from the base,

antonic (godiun lauryl sul
anphoteric (Miranol group)
tained in the agar cup-pla
the wrelease of 5-FU was no
of emulsii
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con be seen in Table 111, the releasc
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that from oleaglnoug bases
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The experimental base proviécl release of the drug
comparable to that of Hydrophilic Ointment U.,S.P. 1In the case
of the hydrophilic bases, 1l.e. Hydvophilic Petrolatum U.S.P,.
and Aguaphor, repeated testing of the 5-FU ointments confirmed
the relatvive ficilency of those bases in releasing the active
ingredient. This apparent inhiblticn of release may eld in
understonding vhy rather high concentrations were used in the
early studies of toplcal 5=-¥U,

The differences in levels of 5-FU in puinea plg sklr
samples from‘the ointments used eppears to correiate with the
agayr cup-plate stud Higher levels were obtailned from the
Hydwrophilie Ointuwent U.S.P., than from tha expesrimental base
or ths olecaginous bases., As the literatures Indicated a five
percent concentration to be clinically erfective, this concen
tratlon wag selected for the In vivo work. When these olntnents,
and the correspondling contirrol baseg, were applied to gulnea
pig skin, no statistically signiflicant skin levels of 5-FU
conld bo determined for; Aguaphor (P<< 0.9 =0.7), Hydwrophilic
Petrolatun U.8.°, (P<0.9>0,.7), or the experimental bhase (P<

=0.,1), The Hydrophilic Ointment U.5.P. demonstrated good
releass and penetration st thlg concentratvlon, with statistical
evalnaetion showing significant 5-PU0 levels (P<C0.001) when come

pzied with the contxol cinbtment.
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SUMUARY  AND  CONCLUSION

The release of SH=Fluorouvracil from a selected variety

of experimental and commerclally available ointment bases
vas sbudled by in viiro and in vivo mehtods., The study was

undentaken In an attempt to determine the type of olntuent
base which would release this agent most satisfactorily.

Investigators sbtudying topleal 5-FU have thus fan

| vlaced the agent in a variety of types of olntment bases,

naking any comparative evaluvation of release difficult.

The agar cup-plate method indicated a batter release
of this nmadlcinal agent from emulsion type hases, The vayri-
ous emulsifiers used in these formulations did not appear
to alter the rate of release of the nedicatlion significantly,
The experimental formvlation presented sppecare to release the
agent in e manner comparable to Hydrophllic Olntment, U.S.P.,
while the oleaginous bases showed a generally inferior re-~
Jeanse of the aArug.

Data resulting from the in vivo studies eppeared to
covrelsnte well with the in vitro resulis, agaln inlcavling
the oleaginous foruuvletiong to be inferloer te Hydrophille
Ointment U.S.P,, in the release and subsequent penetreatlion

of 5-FU in vive,
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