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although the litersture containe & great teny reports on
the adninistration of dwmgs, both subsutaneously and cutanccusly,
little work is reported on the type and rate of abeorption.

in yeoent years, esphasis s been vlaced on the subeutaneous
taplantation of varlous wedicsments, espesially of the sex
hormones. No reports bave been observed as to the absorption of
those medicinals, incomoreted in varicus substances employed as
ointument bases.

It appears thet there is & need for study of the effscts
of ointment substances on the rete and type of sbesorption of
medicinale,

ineulin wae selected a8 the sedicinsl, beonuse preliminary
experinents showed that it wes adepbed So this type of study.
The saount of insuiin released $o the blood stream could be

 dstermined indirectly by measuring the desrease in blood suger

lovels at the necessary intervals.

Thus, this investigation was started with the realization
of the need for sdditional study of the effects of substances
wlmﬁ a8 ointment vehicles on the type and rate of absorption.




D8 BMPLOYED IN THE STUDY OF ABSCRPTION
Ao Subeutaneous

In recent years the study of subcutanous sbhusorption has been
concerned with attemits to prolong the metion of drugs by retamiing
their ateorption. The problem of prolonging shsorption has been
studied by nomerous lnvestigators and apprlied to muny different
substances.

an early smethod used was the suspension of the medicament in
an oily vehiole, which d4d not tand to spresd through the tissues,
and which delaged the sbeorption of yarticulste mtter. This method
wag in practice for sany years; for example, the intramicoular
injection of mercurisl and m?au"w suspended in o1l

In 1529 Claues B. Strauch reported the prolonging effect of
soveral druge when injected in emuleion form. After seveml
sxperiments he finelly selsoted s sethod based on the following
considemationt & wter-in.oll emulelon had the property of
enclosing the water with & film of fet. The subsequent absorption
of the water was hindered by the thin filas of ofl thet surrounded
each drop of water. ;

Stmsuch proposed the theory that syathetiocelly prepaved
emulsions wore gquickly destroyed when injected into the tiesues
unless m protective substance was added to the emulsion which
would resist the action of the tissues,

The following is the formuls he used: concentmted snd
sterile solution of the drug, 10 ce.g sterile olive oil, 3.5 ce.
sterile nmetacholestesrin, C.2 gm.; storile myricin, 0.3 gu.



These wers vixed and wade into & sterlle and stable water-in.oil
esulsion. The author mentioned thet the most effective protective
substance he found wes ayricin (syriefl pelmitin ester); and that
the best emulgator he found was setacholestearin,

He begon his exporiments with a etrong (1:80) solwtion of
epinerhrine using about D67 of 1%e volume in olive oil. YVrom 1 %o
B oe. of the total volume of the finished euulsion was injected
ot recsoularly. The vesult was & very gradusl release of the
epinephrine. Abscrption of the drug ocourred each time one oil
film was relessed frow the enclosed droplet of eplnephrine. Strauch
stated thet the rate of this release wae dependent on the smodnt of
protective substance employed.

Other druge euployed to demonstrate this prolonged effect weret
methylene blue, estrychmine nitrate, lactese, aand plituitary extmacts.
His most oubstending experiments were with insulin "repositories”.
Two doge were umde diabetic by complete removel of the panereas,
and were kept alive for 8 weeks with repository injections of
200 unite of ineulin given every & dags. _He also reported that move
then 100 humen ystients wore trested with iseulin repository
injections of frem 100 to 1000 uaits of fasulin with. Fine of
these patients were trested over a period of & months. Injections
wers ﬁm svery § to ¥ duywe.

Ia 1956 Salak dnd Preeew seported sa ths offects of Suboriencus
and istyavencus injection of Séxins coubined with emulelons. They
injested 2 radbite suboutanccusly with © minisus lethal doses of
diphtheris toxin wixed with 0.8 co. saline. At the same time a
second group of 6 rabbits wee injected suboutanecusly with & winimum



lethal doses of diphtheria toxin wdzed with 0.5 eo. of cod-liver oil
ssuleion, The 2 yebbits of the first group dled within 8 hours
while the second group showed no toxie sysptoms and all survived.
Ualsh end ¥meser coneluded that the toxin-esulsion umixture was
mmmmagmw.

Brook and Drackery in 1938 were sble to demonstrate an effect
lasting sore than & yess, by placing @ collodion ssc eontaining
crystalline oestrons in the abdominel cavity of mte.

Another method of prolonging absorption was that of combining
the compound with & protein, or with a protein and o heavy metal,
ok in this direction was stisulated By the introdusticn of
protanine and protamine sine insulin, both of which proved of grest
value in the trestment of disbetes mellitus. . §

Protamine insulin was developed by lsgedorn and cosworkers in
Copenhagen 1n 1936. It was @ solution of fnsulin miwed with a
solutien of mono-probemine obtatned from the spems of a trowt,
S2lmo iridens. The srotemine insulin forsed was yrectpitated.
Suboutenecus fluide reacted to dissolve slowly the rrotomine insulin
thus prolonging the sotion. Such & preparation gnve greater
efficionoy por unit snd mede possible s lower dosage, the entire
dose belng given in the morning and lasting for the day. Protemine
sine fasulin was etill wore prolonged in sotion. The requivement
of protanine insulin was 15f less than thst of stendard insulin;
that of protamine sino insulin wes 307 to 401 less. This compound
mmmwmtmnm;umv«mmmtm
sxisted in the ranorens and was a constituent of cxyetalline insulin.

4 more recent methol of slowing sbsorption and prolonging the



sction of drugs was the subsutansous implastetion of owystals snd
tablets of ovarion and other hormones. That & very prolonged offect
of certain hormones gould be cbtained by the suboutsmecus implantation
of & compressed tablet of undiluted, cwystalline substence was
Mummmfnm. They reported particulerly
favorable results with oestrone, cestradiol, progesterome, testosterone
and desoxycorticostercns. This method allored & very prolonged
action for pericds up %o & year fyom & single adninistretion and &
very high effectivencss in relstion $o the total dose. The fact
that months or & year wight be required for the complete absorption
of & tabl@was due to the low solubility of the stercid sudstances

iz body flulds. "

In 1938 Desnesly sad Parkes stated that there was no evidence
%o support the fast thet the yete of sbeorption of the tedlets wae
affected by the futional pequiremente of the snlmel.

This suboutaneous implentstion method was um‘m to tablets
of gommraial oxyetallin insulia by Parkes snd Young in 1939, They
concluded frem thelr mmammammmw
other physiologioslly active substances in that the hypoglycesic
slightly mere prolonged than that of suboutsnesusly injected solution.
They found that o connective tiesus ocepsule surrcunded some of the
insulin fmplants. . |

Salmon, Welter, and Jelst in 1030 reported on the prolonged
effect of ilmplsated cwystals of overien homsons ia woes. They
pointed out that the high dosage of cestrogens in oil solutien
required to relleve the symptome caused by cvarisn failuves was



stiributed to the rapld ebsorption snd sxevetion of the hormone. &
total of 10 menopsuse cases Kewe trested by implanting s-estrediol
benzoste., A mjarity showsd improvement sy early as 6 days after
the implantation. OComplete relief of ayzptome ususlly cccused within
2 wotks and pereisted to periods warying from 80 to 99 days. If the
same sxount of a—mm:ei benzeate mms adainistered ia solution in
eil, in & siagle dose, intrasuseularly, it wuld produse caly sn
insouplete effect both on the aywptoms and wvagioe]l smesrs. Unless
repested injections were sdministered the syuptoss would wecur in
original inteasity ani ¥issues would Pegress to the pre-trestment
atage 7 Yo 14 days after injection.

Jeosuse of these encouraging results cbtained from the
subsutansous implantation of orystdls and tablets of the sex hormones,
this techalque vas epplied to other crystalline homonss in the
hope thst this sethod of adwinistration might result ia an inorease
in M phyniologienl effsotiveness by prolonging thelr duration
of setion. o

Sottomley, Folley, Walier, and Watecn diacussed in 1939 the
effect of subcutanecus implantedion of adromnlin tablets on dlood-
sugar asd =ilk cosposition 1n lsetating rusinents. These adrenalin
toblete, welghed up to 200 mg., and prodused yeriode of hyper-
glycenis which lasted i most cases 6t least 42 hours.

Farthey werk in applying this technigae to other hovmones wae
mdbﬂnyhm of 1940 on the treatment of Addison's
disasse by the wmmm mf a eynthatic hommove, W&w
_ sterone ncetate. Ue mede over 30 izplantations fan treating 17 patients

‘and fousd that the isplants met the patients’ requiresents for



cortise hormone for perieds ranging from 4 to 9 wonthe.

Yark snd umws» 1940 confirved the work of Porkes and loung
a8 regawds to orystalline gine fssulin, but further found that tin .
adaitien of 20 protamine to the sine insulinm pellet greatly p
the affect obtatosd by Lsplastation. 4 sore compreliensive axperiment
wag garried cub by Oubting, ¥ilton, and Cobn in 1941 who made
pellets of oryutalliine sine insulin to which had been added various
excipiente such ae cholesterol, cholesterol and lecithin, cholesterol
and "enterab® (enteric comting), and cmroonl. They found that
esqual parts of insulia and cholesterel with & minute amount of
lecithin were the 2 most rrouleing mixtures.

That only slight absorption tock plmce from tablets of tmmm
isplanted MWMMW mmunmmmq in 1940,
Nowever, m in 1941 obtained cleay evidense of physiologieal
eoffect by producing eyuptoms of hyperthyroidism in norml guines
pige by the isvlantation of tablets of thyvoxine. He found that
the tablets had & very limited period of wobion, but this resuls
was in shapp contrest So that mw—mm:‘ in 1048, In
100 day experizents he found thet u suboutensously implanted tedlet
of thyroxine wsintalzed the growth in thisﬁ rats and he
wis unable te confim Wolkes rewlts.

in as attempt to prolong the sbsorption of mterior pltultary
extract, m&xm in 1840 tiat tablets containing mixtures of
sucrose, lostove, and starch were found to dissolve within several
sbscrption over & long veriod.

W‘ in 1942 provented a paper which deseribed hie lovestigation




into the possibility of adarting the implantation technime to the

. adeinietyation of non-stereid subetances, with & special refercnce
to the use of exoiplente. He found that & compressed tablet of &
highly weteresoludle substenece made with or without an exeiplest
vas raridly & osolved snd abnorbed By the suboutenecus tismses,

An exception wes sholesterel shieh he found %o be very satisfactory.

e rejoctod the following exeipients eithasr beoouse they
disintegrated too rapldly or besuuse they possessed no advantege
over cholestercl: stearic scid, velmitic meid, urle seid, etareh,
imolin, lumieterol, ergostem], and eftosterel.

In the cese of lesy watep-soluble sabsteances which {n tedlet
forn wers abscrbed slowly, Paries thought that the exciplent should
bo designed to fasilitate rether then to delay abeorstion. Yo
base was found.

Bovernl authors polnted out the necessity of using great
esation in the implentation of toblets in humns, sinse most of
the teblete contalined veny timee the themupevtis amoumt of the
Sative tagretiont, & erwhiing of theitsblet might vrove dangerous.

Eusse incorporeted an msterior pitultary powder in sn smeous
ointment buse and implanted & sesll portion at the =ixture.

A base of glyceryl tristearste was rrerared with whish the
pitultary porder wae nixved. The woter content of this bdase wes
10 poteent. The mrersrction gave excellent results, MHis rowults
indiested Shat theve wes an opbimum emovst of witer st which the
greatost amovad of stimlation wuld take plmee. Busee found that
rroR retions haviag & gongent etion of 2.8 o 10 percent woter gave
the greatest degree of vhysiologionl regposse for this pituitary powder,




Tullsy, Mesking, mnd Mﬁmﬁ in 1942, wade an "in vitre™ and
“in vive" study of the effect of warious welia upon the pate of
absorption of sulfenilacide. From the *in vitre" experiments, it
was found that abeorpbion wee mmeh delayed by the incorperetion
of wulfenilamide &n an oily base, or in a wmtemin.oll emilsion. It
wag not mueh Influsnced by ingorporetion in a glyeeris-golatin base
or in an oil-in.mnter exuleion, or by mrtiele size of the dwg.

The ®in vive" exveriments showed that if the twevaration wes
spread a2 & thin file over & surface wound , absorption cosurred
mytdly foew al1 Sypes of prepasetions studieh, Whes $he prepsrwiies
wng esbeddad in the tissues as o cowrmet mass, 90 that the sufface
to voluse retic was low, absorrtion of salfsnilamide was muph
delayed By incorpeoration in ma olly medlum and sowewint delayed by
incorsommiion in an oll-in.vater euuleion. ‘

Thoy found thet eoft ramffin delayed the astion more than any
othor substance stuiied. Sulfsnilamide fn @ eodeliver ofl and
boesmax base malnteined an errvoxisately sonstant wete of abeorntion,
8% a low lovel, for alweet 7 daye, as m_mm by urine anclysis.

4 mothod of Wiﬂ sedoutansous mmmm desoribed by
Relosy, Teston, mmmm MW%&WM
dtstridution of insulln lsbelled with mdtonctive fodine. They
found thmt the time of wmxisym mte of absorption, less than 2 hours,
was soon followed by the maxisgm drop ia blood enger. It was also
pointed sub that as the sbsorntion mte drovped to very low lavels,
the blood suger rose $o i1ts ordiginel level.
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3. Cutaneous

M"um &8 1808 realized the diffieulties inwlving
this problem when he wrete, "To deside the case for or agaizet the
possibility of absorption by the humn skin, would appear & simple
mam,mummmenumMWMt
mmwmmhtmuﬁmammma
uﬁmdmiiﬂkmm‘ |

Muummﬁmnmmmuwm
mmmmmummwmwmmm
«mw.wmm. zm-mvmmm
mmwtmwmmtm

W. in 1809, wentioned tm mwtm spplication of
mw»mmmtmwmmum
m. , :mwmammmam.

nm&.mmmmﬂﬂmuumma
mm-mmummmmmwm
in the urine alucet imwdiately. After the spoliostion of 50.30
mma:mmmmummmuiumm, andolph and
Muw,tmwnumdumumgmwmm
results in tm tests for salieyl.

:m.um.mamtmmmwmmmw
mmmm,mmmmwmmmm.m
#nd diseaved conditions, on the cuteascus sbeorphion of salieylie
sold ss jJuiged by the excretion in the urine. He found that the
rapidity snd smount of absorption depended upon the vehiele. lawd
and lamolin were the most effective, and waseline and glycorel were




least effeotive., The skins of old individuals were found $o be less
hatred and blond individusls wes move yapid than thet frem dark Maired
subjects. The skine of femles were mope readily permesble than
those of males,

mmmummmummnnnamu
mum They found the pressnce of meroury in the urine
mwwmmwxmmatmmamwy

levin, in 1912, was not sble to confirm the remults of Dmeuche,
" in the urine after the aprlication of ealigylste ointwents to the
in,

mm*.mmmu:‘WMhmmM ointaente, They
reported $1nt mercuzy salioylste imnctions were not casily sbsorbed.
Olubments of red oxide of meroury apesred to be sbsorbed more
repidly then the yellow oxide ointuents. Oleste of wercury wes
ebsorbed to about the save extent ap mersury salieylete.
| mmmm#mmmmumm,
1a 1918, when they concluded that yabbits might abucrd some mereury
by breathing, but thet respiratory sbeorphion was far less luportant
Mmm

mm,mm veported that berie seid was found in the
urise of individusls 55 sesonds after they Ind imrersed thelr feet
in a solution of borie scid.

wmmn:f in 1928, concluded from his experiments tint
absorption took place frem vaseline, alschol, and water, but from
the date one could not conclude definitely which of these sclvents

12



was the wost favowble for absorptien.

Gole, mm,mmmxmm*nmmm
sbsorption of meroury by imuncticn dopended dircetly upen the
bengonted land, suel, or otiff petaoxolin, made little difference.
mmwmm{‘mm«mmwmmmm«

In 1931, Klonke working with sslicylie scid ofmtmens, pootulated
that the base in which the medicament wes applisd iuf lusnced the
mts and degree of abhsorption. ie carried cub sxparivente using as
with ccaphor and with extreet of espeicunm, spd showed that other
of enlieylis seld. He reported that there wes s wore mepdd and
or carsiows, owing to the ingressed loosl ofrenlation which resulted
somonta wes found o lover the vote of shacrpbfon, owing So the
ﬁmmmmm

m,mm.m&mummmnymmm
salioylie sold was readily ateosbed through the skin, but thet
thet selioyletes were absorbed both from & Janolin base and frem &
soRp base.

Nyind and M&t in 1933, sfter roviewing the litersturs
whioh referred to the evenly mstohed eoutroversy for the previous
65 youps a8 to the skin absorption of lodine, stated that Shey
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14
eatablished She fact thnt lodine and lodides penetraied the unbroken
sicin. They veported thed culy 12 vercmmt of the amount veduted ente
aud finally thet at the end of & days, up to & peroent of the total
mmmgunmmm“ﬁu. The reminder was absorbed Istor.

In 1934 and 1935 Blise oconcluded hat & dmg whidh would be
abooybed through the skin would be sdsorbed regaviless of the veilcle.
Ho Dolfeved 1t fatty or gresy ofntoent venloles might ewert She
wace retanting 1afluense on drug ubsorption thwough the skin, Wt
was demonstrated 9ith these agemts in the gastro-iutestinel treet
folloving oral aduinietmston. |

mmm‘tu:m.mnmwmummm
of mmihyl salicylnte. They found thet wmxinus sbecrption remslted
from frrevelon of the bands in an aguecus suspension of 11.8 percent
fwraysion in & 60 peremt$ eolution in ethyl alochol. The miniswe
mmmmmmmmmwm

mm.um,mmm&uum
MMMKMWQHMM‘Mim
goluble in water.

.umm&m&mumumm_m“m,
ether, bengeno, and chlorofoms were more repidly and more completely
sbsorbed than those insowporeted in an oily base.

After the distovery of insulin, seveml investigators nttempted
to introduce 18 inte the bedy dy isunction. The reports of the
pessibility of imsulin absorption through the sicin were conflioting.



Bt

Soodyatt, 1a 1928, sald, "Expsrinents were eandusted with omal,

connestion with ench. Positive effects were chtained with subgutsnsous
and intravenous injection, very weak, doubtful or frenmkly negative
results with the others.”
| mwmgrsmvmmmnmumwhdm
on & husn disbhetic led no offeet.
mu:mmmm;mmmmumm
tatroduced lato the blood stresu by immetion of lsrge doses. Re
clntzents, of which lanclin and Iapd were the bases, fubo She slnved
etn of the abdsmen. DHesauss be used & srude insulin, 4t wos
fuposeible to caloulate the nunber of uaits enployeds In ome
exrorinent convelsive selzures remilted; in sacther, hypoglyowmia
wes st111 prosounsed 12 hours after administyetion.
MO:MWMHMQ experiments, in 1926, thet immetion
of olatuente soutalsing insulis, own in large doses, wee useless in
clinienl work as 5 substitute for suboutansous injestion. We used
& lanolin base in an attennd to confive Telferts findings, ut wes
uasweoessful with that, as woll s with other baees.
fall of blood sugar in anizels and patients following the apoifsstion
of an iasulin salve to the ekin. Dotells regerding the prepemtion
aad composition of this salve were not givem.
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¥njor, 4n 1008, eod 1928, made mmorwus sttenpls to lower the
blood suger by usssus of “dereml]® spplisstion to fasbing webbite. He
used diethylene glycol moncethyl ethor o8 the bese for the insulin,
e conoluded thet under proper conditions insalin might be shenrbed
through the skin of momssl mabbite snd might produse & definite and
mmyiked f211 1n Blood suger. Bis procadure was 4o rub the mwved
sbdomen of the reldbit with 3.4 drops of glyverin. Tea to 15 wimutes
solution was gently rubbed with & glass vod. Ne Sosk osre to aveid
ebresions of the aidn.

mmmmwmuwmmtm,
"he absorpiion of lmsalin by the skin of rebbite ¢ dependeat upon
the it agrity of the lntegament. The intmot ein shows 184le oy
no ahsorpbion, wherens & pocently sbreded dkin, such aa prodused by
W,mummmwuuwmmam*

mmmmmm in the seme yesr, demenstrated that
ineulin sould Do sbeorbed by the sidn fror an usdisclossd olntwmt
providiag the cholesterel was firet resoved from the skin by some
solvent such 82 vedroleus ether and other crgenio solvenbs. They
alse showsd that mepanin sdded %o Abe prevarsbios inereased the
Mnuwmm

mtmmmm stated thet thelr experiments showed
thnt outansous abzorpblon of iasulin ocourred in yebbits sad in
patients, indepemdent of sbiaslons produced on the wkin. They
mm,mmmmmm

m.mmmmmmwmm
of insulin to the skin of rabbits. He conoluded thet insulis, neither
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m N
Reins, in 1936, rerformed exveriwents using thelesterol, lanolin,

stenric aoid, & vegetable oll and sonp, He comaluded tiat the skin

ulght be & “two-way vasssge”s He injested the mnterial ¥intmeutancusly®
8nd after 3.4 days, the portion of the sidn injected wae exoised and
exanined histologloally., The biopsy spscimems were frozes and sectioned
in & aleretons, and then stalned. ALl of the fase Sended to migrate
tomard the spithelium. Ne found that cholestercl was “reserbed® most
wiokly and thet $teario seld wae “rosorbed" moet slowly.

(Eller and mm m:m, eaployed this nethod of mieromcopie
enalysis in thelr lnvestigations. They judmed the degree of penetmtion
by the amount of fet seen slong the mrmmm'mm the
sebeceous glands. They demonstrsted Bt 11sid fats pemested the
‘#kin more wapddly than solid fste. It vas shows thet enime) fute
bad the grestest depth of penstration. Vegetadle fabs snd “ainesal
fate® followed in that opders Eller snd Wolff soncluded thet mout
of the fats showed optimum penetration 4-8 hours after apslicstien.
After & hours, the guantity of fat ummumawu
dtwinigh, :

Fhysiologlonl renotions, 88 & weane of deterining vhether
mmmm;m,ﬁmhmn?m 1932.33. He made
& study of the relative pesetration of £ats and olle through the
sikin d animals, yarticularly rebbite and guives pige. Ointments
were nade of vetrolatum, lamd, hydrous wool £ab, & synthetio
proprietayy preparstion of mmzm&i, goosa fat, benr fot, and
gresse-loes oreams. lotdons were vrevared ®th olive oil, cotbone
seed o1, lard o1, miners] of1 and pesch kernsl ofl. The penetsation
goh 2 nisotine and »m ineorporated
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in these bases or vehisles, wee studied phormaslogically,

fils exneriments vevenled tiat nwwe of the fixed fats sarrying
potent droge were absorbed rsedily but thet sigus of polsoning
developed in sowe oases, oaly after repeated apslication of the
olntments for several dsys. Hirous wool fat was more effloleat
than the other fets, Dul, on the whole, the resulie shtalned with
dérugs inceyporated in fats ss wall ae 1o olive ofl, linssed oll
ead 1ieuid petyolaten were diseppolsbing. No veported that the
fixed oils and fals pesetrated Yhe sowsal eplderais to & very elight
‘exbent. Same druge lmeorpereted in the fats werd absorbed lees
readily thaa the sase dmags aprlisd la asuesus or hydso-alscholde
salution.

Hugh$ polnted out $hat most of the essenbial oils applied in
sufficient guantity, were rendily shworbed througn the skin,
ﬂmmu‘ dissolvad iu 2 1ittle aleohol and mixed with sny e of

mmm«mmnammmwmnmm
poisoning. The fixed ofls gave no sush effest. il of orenge and
ol of wintengresn were two of the ofls employed in this experinent.
Mush wor's has beon dene on the applieation of sex hormones to
the siin, proving their absorpblon by effects on the genital crgsns,
such ae soraiffcstion of the waglun, incrensed stze of & brenss,
wtucmummwmmmmmmmmum
m,mtm*mmmmmmwmm
He found thet 7 itmes the amount whish produced wginel cornification
by injection, was nosessary to do o by inunetfon of the hommone
when incorporated in oil mMmhmmm'm«m.



Mum. showod Shst 1o women, Whe Lmustion of sa
oestrogenie olabment to one bresot wue followed by & greatey response
ia the treated Breset, thas in the other Bresst whileh veceived the
olstant Wt anlys |

Deanesly and Faries, ia 1937, conaluded that testostercas sad
testosterone asebate or proplasate, when given by lasastion ia ofl
or propylens glyeol, wors nol highly effective Liu restoring the
mmmmwmnmm

In 1938 wd 1950 Yooy | conpared the effects uf tastostevess
end testosteroue proplomte, adninistesred Yy injeetion fa oil and
superd'iedsl application in olntment snd in 96 alechol, on & ewsash,
the injected dowe of Sestostorons propionste sust e appiied os an
ointment, sod about § tines the injected dowe se & tinoture in
Mmmmm-m;,

Eumens, in 1940, stated st the wolatile omgenie solveds,
sther, bensens, and 965 alochol, wers move effective as sarriers of
sotive mmtorial frem the skin myface then was mt oil or lanolin.
ntmmammﬁmmmhmmen
effestive 88, or slightly mre effeotive than, injectien in oil.
In tests with rabbits, tounstion in bengens, Dubt sob in ether, was
superior to injection iz oil, HDmmens alse postulsted a slight,
but consistent, supsriority of other as o medium for fmmetion of
costrogens, sad of benpene for fmmotion of androgens.

Outsneous aduinistretion of vitauine was reported, in 1534, by
—— Ho demonstimted the cure of rickets in snimals sad humen
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contstning irmdiated eholesterel. fe stated timt the cure wms fue
M‘ fn 1837, shoved that vitanin G was pereutansously
sbsorbed. Tnis was ovideased By the inorensed azouats of vitamdn O
1n bumn ailk affer the apritastion of an assorbis seld solutdes to

the fatoot sitn of the mamae. i
Maﬂnmmmmm fastor B, extmoted
m‘mrmmm“wm This was developsd By the
Livellyn Blolegleal lastitube of Wost Los Angelos. The hmadred
mmmmmmummmmmmu
NMmtuMutMMWMﬁmnmmm
sbdoues. It was paported thas 100 patients resovered frea thelr
colde and 23 others showsd maried luprovenent, No vesults were
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WING THE WRORANISM OF ABSCEPTION

h&,.umz.ammwm;uuﬁumm
to deterzine the mechenism of sbsorption, stated, "It is possible
to have & true absorption prosess taking plase without the sid of
ordiaary osuotic sction®. .

In 1904, Nelsser and Slebert indicstod that absorption of mercury
was thyough the hair follicles. After mpplication of several
ummxﬁmmfmmm«mumm
SaSheon. Sasin o JUS, nids & Shely of he setseiion o
several ointment dases. nmmmmmmm
wmwzmm,

mmmm.uumwmmmm
experiments with xild mercureus ehlorde ointwent snd other
mercurisl ointwents. The mode of absorption of wercury sslicylste
was both by volatilisetion and by direct sbeorption. HNon-volatile
salts vere absorbed through the skin, but elimimation sal absorption
mmawtmuméuwmm»m‘m
pressure. The more rapid sprearence of mereury in the urine, in
the case of the volatile salts, was probdadly due to the combined
action of volasilisation snd inhslation through the lungs sad
mem

Eahlenderg, in 1924, conducted unique experiments working with
borie meid, lithium chloride, yubidiwa chleride, cesium chloride,
strentius chloride, lithius perbommte, snd sodium perbomate.



28
“Both fest vmmtnith hot water snd & 1ittle

castile soap mnqzly ‘repeatedly with wam,

mxxmm nally with 80 percent aleohol.

Aftor baing wiped with a clesn cloth, they were then

immersed to a depth Just above the ankle the solution

to be tested. The Iatter wes kept at 45%°0. in a 8§ gallon

stoneware jar which served as the foot dath. The feet

were kept mmmummmmum

botton of the Jar, and they were also moved aboub

coossionally. mmammmmtmtmn
time, and annlysed.®

It was found that free borie aeid alone passed through the living
sikin in perceptible quantities. e stoted, “The solution of the
latter probably is adsorbed by the skin, loosely conbined with the
lattor, and from this loose cosbimtion the bowie metd is swept
away by the blood stresm”,

All of the substances Sested ymssed resdily through deed human
skin and through sther dead smimnl mevbranes. These substances plse
tassed through the living macous mexbranes of the mouth and alimentary
copal. HKshlenberg stated that since experiments on ommsis
demonstreted conclusively that the chenical mature of the membrene
vas the factor determining whether s substanse would pass Shrough
the nexbrane, he was lad to the conclusion that dead skin amd living
skin were chemleally different, for they acted muite differently
osmotically. Therefore, the living amucous wesdrenes were chemioally
 differsat from the living skin since they ssted differently
oemotically. These two septs were similey shen dead in that all of
the substances studied Mm both, tut when liviag, the
sicin was penetrated by borie acid only, the mucous membrances were
penstrated by all :t the dissolved substanees.

Leslie-Roberts reported in 1928 that pure eynthetic salicylie

acid eould be transported Ihrough the epidermis into the connective
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tissues and thenoe into the blood streum. He believed that the drog
was retained by the colloids of the conneotive tissues by adsorption,
and fyom $hese surfaces it was lidemted greduslly, paesed imbo
the blood, and was mialy exoreted by the kidney. The pernesbility
of the skin to salieylic acid varied in differest individuale
sesording to the *physico-chemical condition of the inner enviromment®.
Uoncerning this environmeant, he stated, "These conditions cannot
be defined ia the present state of cur knowledge but there is some
evidence which suggests that the key to pemetmtion is held by the
fibroblssts of the cutaneous connective tissue.” ie alse pointed
out that in respect to the mechaniss of sboorption, it =ight be
said that although solid keretin wns itself quite impervious %o
salieylic aoid, it severtheless played an important payt dn the
trenslocation of the soid through the skin. It scted Shrough Sbs
solution was forued on the surface of the siin. It wee from this
the mmss of solvent. The ohemieal form in which the seid was |
tmmmmxmumm». g
mmmmmwmmm«mum-mwuzwmm
mmmmummhmimwnm’mm
salt wss formed. The researches of Beketein and Wile pointed out
the ease with wiieh oblesterol formed esters with salisylie end
other ayonntic acids. They suggested the possibility that salicylie
uum.:n-umnm.
Efonle, in 1931, reported his otudy of the mechanism of sbsorption
through the skin. He regarded the epidermis as & eellulay mexbrans

\



satureted with fets contuining cholesterol and believed that cnly
sibstences which were soluble ia these fats could diffuse through
the epldermis. He mentioned that sulicylic acid posseseed this
property aad in addition it exerted s solvent action on the outin,
thus feeilitating absorption. He also postulated that the base in
which the medicument was spplied influenced the mte and degwee
of absorption.
nnwmawmmmw,
Froseilovekaga and Iivechits, in 1831, found thet solvents sush
blood stremn when inuncted on the ear of & rabbit, or on the humen
siin. They suggested that these solvents might therefore carzy a
dissolved homone with them.
nmmmymmmummmmmg
He stated that the time required for sbsorptien into the dody and
into the cells ranged from & fev seconds with HCL to several weeks
with lead. Hapidity of absorption depended upon the nature of the
drug, the plage of sdninietmetion, snd & _number of accessory fasters.
He mentloned thet only soluble substances eculd be absorbed, but
the solubility in the protein comtelniag fluids of the body wes mob
necetsarily the sase 88 the soludility ia water. The solubllity
w4ght also hove been modified by chemioal changes produced by the
tissue julces. |
nm.;am?wmgmmmmmwmm

30



"The intact humen skin offers almost perfect protection
against brief contact with aguecus sclutions. The mejor
wmummmwmenmm

ts physical structuve. The highly coupadt lsysre of
ﬁnﬂtﬁw opithelium, 4 stratus of kewtiniged
cells, and the comting of feirly waterpsoof sedun afford
rether excellsnt ection under crdimeyy conditions.
Proloaged by warm, solst application partially
broaks down the defense snd the mecerated skin surface
absorbed zuch more readily than the dry skia.

mxm«mm of normel bhwmen
sidn constitute the mmxm

substances wsy be absorbed when applied to the skin.
mwmmumm;m-nmwmxm*
penetration iato or thiwugh tlw skin is limited sprerently
uamm,mathmmMm
mmm & hydrorhil bodies incowporated with fatty

*M&mm:«w MM mtmma

mwnmmm. m:i::'
s Setaes SChin, et iy Ty SaiTiosts Prachmton
Futty substences alse inhibit the cvaporstion of sweat and

thus favor wnoeration sud softening of the skin,®

He vointed out that the site of application, Shinness of skin,
freedon from hair, and richly suprlied lysphaties, o8 on the flexor
- surfaces of the body, were alds for sbeorption.

Other conclusions that he uade werst the dmg itself rether than
the vehiele i ¥hieh it was applied way the determining factor of
sbsorptiens young subjests, femles with soft fine sicin textuve,
blendes, and cbese people who porepived freely and enhanced softening
sussertibilities might have been due to differences in snatomieal
structure of eplderuis or of sebacecus and swest glands, to specisl

31



cloragteristics of the scbacecus meiter sud poseibly to di fferences
in the forestion of protein, fatty and cholesterel compounds with
the drugs thenselves.

Brown and Mt:?mam, pointed cut thet 1t was genemslly
condidered thot 2 substance wust possess beth oll and agueous
sclubility in order o penetrmte the humen skin and thas,

“an extresely high or extremely lew partition cosfficiemt is loss
conducive to absorption than intermediate wolues¥. They demonstyeted
that mmesage increased absorption as 414 =n inerease in tempereture.
They found Shat the type of base had no effect on the qusatity of

In the seme yeor mﬁ‘ published an article calling stieation
to the loadequicy of tho dste aveilsble in industrisl disense.
Be sade the following statement which might be applied today,

“Ihe mechanisms by which many substances accomplish tessage through
the skin sre little known. On an empiris basis, it has Desone

the skin; sud, conversely, that others ape barred. ¥ith the possilhle
mwwmwn. mmmmw
often 90 disecinilar as to stultify any delief in the coumemness of
properties pernitting sbeorption.* He also stated that the entire
situntion me such thet only by trisl might the fate of any agent
with an unknown status s to dikin sbsorbadility be deteruined.
absorptions

32
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Ly profuse sweating eventuating ia
alkaline zpumpm m the skin of its
peolestbon, Sub Tetiirats Siie sosoptisn. atly

« Urcunstances leading to an hyperesda of the
mmmm

s Bresks in the integument, such as from & dermmtitis
or trauen, favor entay mmm.. Sush sutzy amy nok,
however, constitute Smue mam

4. Pat-dispolving sgents, Mumwmlm
enter the body or ocreste opportusity for other substansces
to find entyy through the skin.

B. Friction spplied to the skin, sush aa the isunction
of meysury ointzeats is condustive to skin absorption.

8. Juilure to free the bdody of contact with saterisls
mwuummumuw iosl dangers
of skin sdsorpbion of industyial {4

7. Botumlly oily skin offers sdditionnl 4ifficulties
ntunmnmmm

s iR S Rt S ey
senility, and in the sbsenve of skin injury.
b ,‘W,mwwmmmm
lelord postulated that no one physipsl process governed the
rassege of chemioals through the skin; that csmosis was & probedle
explanation of how borle acid rassed through the sidn; thet
edsorption »ight play & significant yole with HON; end that 4iffusion,
wmm.mmmmmmnvmmmu
wauummmm

#elord'e theomy proposed timt the chamoteristic shared by all
“gell wetting®. This astivity of cell wetting wes far more complex
than wae fsplied in the simple emmmple of water belng berred frem
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the skin by the olly filw there procent, and the funchion of somp
in breslcing down this interposed lacompetible loger. The behavier
of moreury deu in contcot with wmetallic lead furnished & more
sosept ible concapt of “surfuce wetting®. If metallic mercuwry wes
placed in goatsct with 8 pleve of lead, the morcury enteved snd
diffused in wll directicns. In tiwe the lead becase crubly, or
st least brittle. ilestrical tosts proved thet the lend wes
unshanged 80 what happened was $hat the mercusy, having the poculier
property of “wettiog" the arystals of lead sesped in between all
the fases of the orystals, and in tise wede the lead unss erusbly
by depriving the lesd of i%s interarystal cohesion. The relationship
betwesn lead and nercury was not equally tme for meroury sad ivea,
or mercary and caduiwm. Aprlying this “orystal wetting® to "eell
wotting® % beceus poseible to understend how some substances might
pess betwesn suscessive layers of epidermm] cells until drought in
contect with those desper skin layers riehly supplied with Wleod
snd lymph vessels. He polnted cut that in the sorium shsorption
mmzyumﬁmﬁ 2 |

In 1936 Rsiss injected fat.like dodies intmcutemssusly. He
mentioned that this method was hardly norwel, but thet it wes
discussed for wint it might contribute ¢o an understanding of the
epiderais ocomensed 8% cuse %o break up the fat. The author
discovered that in every gese the first result was & separation of
the fat frem i%s solvent, then & gminy dispersion and shagoeytoots,
mmxvaamwmmmmmﬁmumm
designed as "lipophore cells", ascompanied by & chesical trensformation




of thess fate. These processcs wers 20id to cmuse & change in
kewutinizotion. Injecting different fots, varianses in resorption
wore cheerved. Reiss found timt these artificially iutroduced fate
traveled towand the surface of the siis. The sows diyection of
travel was followed by mut rients oblalued Wy eating sud dolivered

by the blood stream sfter digestion to the subcutaneous tisswes, %
which in tum fed the epideswis. He polnted out in othter sxperiments
that fate could also tyavel in the opponite direction, timt the
epdersis wight de & two-wy rassege fir fats sud 1t =igrt bo "entirely
resscasble snd logleal to iutroduse fats from the cubside if the

any resson, such a6 111 health, old nge, ebs.¥ Outaneous abeorption
would seex then 4o be & process of reversing mture.

The yole of cholesterol in the skin was studied by Starkenstein
thm They attributed to cholssterol & permeshility
nction since an insulin ointwent which fadled ¢ produce any blood
sugar lovering when muibbed on the nowml gicin of » mbbS, prodused
& startliy/drop in the blood sugsr level if the siin was previcusly
wshed with petroleus ether, o solvent for cholesterol.
sicin snd that they 4id so lsrgely along the haiy shafts and into
the oil gland duete.
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ODUGTICH TO EXPRRIMANTAL PARD

AMmMﬂMMMMmummhmm
with Dr. Re K. Meyer established the importence of regulating the mte
of abserption of druge sdministered sudesutanecusly. in estrest of
sheep suterior pituitary pomder, when incorporated with & base such
8s glyoeryl tristenrate snd implanted in 21 day old femle reds,
resulted in an inoyease in the welght of the ovaries from & normsl
duq.muum‘u'mn.

Fron these remmlts 1t was proposed that & study be made of the
sbsorption of medietasle from various beses. The purpose of these
experizents wes 8o dsteruine the effect of the base om the rate sad
type of absorption of the medicinal.

mmﬂmu»ummmmumutm
the effect of the base on the yate and type of absorption then
enterior pitultary pwder, bessuse the oncentration of insulis
released to the bDlood stresm from the base could be detemined
1ndirestly by messuring the decrease in blood sugar levels ot
necessary intervals. 7

Blood sugar determinations mre carried eut using Folia's
ami The suger wos oxidiged with alkaline potassium
setrieslly as Prussisa Flus.

Pesnle mabbits, welghing detween 1.8 8nd 3.3 Xg. were used as
o0t animals. Betwoen exverizents they wers kept on & diet of hay
and 0ats but were mot fed 34 hours previous to the experimsats.

The function of protamine sine insulin was to prolong the
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fts vwlue. It was thought to the poiat to run experiments with
this preparstios to coupare the absorption from this Sype of
preparation to the absorpbion fiom vericus dases. Msny attemphs
were made to complete an experiment with this prepamtion. 4l1
attenpts in which lerger units wers euployed vesulted in convulsionss
with the 0.6 unit 1% wes possidle to have the blood sugar level |
veturn to its originel level. 4 dilution of C.B 0. of Us40 |
protanize sine Sasulin in 9.8 60, of sterils &stilled water mes |
wmde, and 0.35 o8, of this dlluticn, containing 0.5 unit, was [
injected. mmmmt.

WWM; m&mmwmu ' |
complstely useless for the production of ereams of the oilein-water H
type. It is not an efl-in-weter emulsifier. It is not collofdally |
soluble in water, and 1t does not disperse in the wenstrumm unless 1’:
& dispersing agent 1s 8160 presemt. Formulss presented are completely \
waworiatle with the pure substence. The exvlanstion is $hat workers |
who have retomded their vesults heve used not commersially pure
glyoery] monostenrte but Gertein comereial xixtures, sprerently
in complete ignovence of Sheir composition and the mrt played by
glyceryl monostearste in the produstion of cmulsions of the oflein.
water type.*

manmmmtmycmﬁwwiahmmm

The glyceryl moncstonsnte used in experiment 2 was a comnersial
sixture contalaing glyseryl monostesrate, sediun stearate and free
stearic seid. It was lzpossible to cbtain ite emet composition.

The original plan wes to incorporate the insulin erystals with
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this base comtaining verying percestages of water (suhyirous, 5 pee.,
10 pece 8nd 20 Puse), and to study the sbsorpbion of these premretions.
The consistensy of the base, howsver, 414 mot lend itself to the
incorporation of the erystals with 18, If standand insulin solutions
‘were added to glycexyl monostenpate, an olmbnend-like preparation |
resulted and the insulin was talksa up by the base, |

The Luplantation method required anesthesis end the dliscoufort \
ntnﬁmw surgery. A more pmmotioal method would be thet of injection. |
To do this, & eyriage, modified to deliver these ointmentelile ‘:
preparations was constructed. ‘ ‘ :‘
, Purs glyeeryl tristeamte like pure glycesyl momostearate is
not aa snuleifying agost. The substance used ia Sxperiment 3 wes &
comvercial wixture containing scaps to sllow the base to taks up |
witer and o form & sater-in~oll smulsion. It was not possidble to [
obtain the exact composition of this substanve. Both glyceryl _\
tristearate end glyceryl moncetesrmte are onlled "self-smlsifiars’ |
beckuse of the property of taking up water in the presence of soaps |
s0d bogsuing emlsified; the fopwr results in & water-in-oll type
emulslon and $he labter in sn ofl-in-wter tyve emlsion. One |
might expect a longer duretien of action from s waber-ineoil emulsion |
since 18 would bs less miseidle with tiesue flulds, than fres sa
oll-n-mter smulsion which would b move miseibls with ausous
flusde. |
The tristenrate base did not swaleify the solublon of iasulin |
as well as did the monostearate bese. Upon foreling the preparstion |
out of the modified syringe the emulsion "broke® and insulin |
separuted frou the mixtuve. Therefore, it was lmpossible to duplicate |
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resalts chiaiued in any tue experinest. .

Sinee the injection method proved unfavossble with the tristearets
base, it was decided to observe the effscte of suboutansous
implantetion using sine-lmsulin orystals in plage of the eolution.
the acnsistency of the substances, withoub the presmoe of wader,
uwade it impossible to use the wodified syringe.

In snnlysing the experimental results, the cbjection of uneven
uight have been due to the physieal qualities of the Dases used,
experimmat, it was chserved that it was no longer & homogeneous
mape, Yot grenuler in notuye.

Further experifsnts using this series of Duses were abanioned
teuporerily and efforts to find & dase whieh sould persit o move
even sbsorption of insulin were corried oubs

Petrolatus is probsbly the met froquently used ointment base
for toplesl applisstion. It is constdeved $o be the lesst penstmting
of any of the bases used. o attempts %o use the veriele
suboutansously wore sbserved in the 1itexsture. Thorefore, experisents
were carvied out fo determine its value in pmolonging the abssrption

Prelinipayy experinents showed that 1 mg. and 0.8 mg. sino.
insulin erystals incorporated with the petrolatum weve too wuch and
the sajority of mbbits weat dnto conwalsions. It wes then found
that 0.3 mg., 7.8 units, incorporeted with 100 ng. of petrolstum
was eatisfactory.
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Experiment 4 shows these rosulis and alse the results fyom
attempta %o slow the faitial drop from sormal Yy costing the
Sromretion with wol fab, pebseinban, Slyayd noussteaste sl
collodion.

- Agmphor 1s sncther frequently used olutmet Bese for topieal
application. It ¢ eseont islly petreletus with 6 rercent cholesterol
estors iselated fyon wool fut inmcorporeted with 18, It forms
esulefons of $he waterin.oil type with water or agueous solutions
um Wnnnmdmmum

 In order to glve petyelatus s firver consistensy, 25 percest

aunmmmmumdmm,m.u%
Serosel®, 0.5 Fefvesds aud ooyl alechol, § pescest. This prepsreticn
melted yproxizmtely st body tesrereture wnd was capeble of sbeorbing
wter. It resulted in sa ofl-fn-weter type emulsion. It was
thought Shat & prejsrtion of $3is type sould be misetdle with the
Pody flulds and becone emulsified, theredy meking 1% possible o
ellow & eontinuous absorption frou the outside to the center of She
wizture. The sbscrption was even, but was no longer then the sontyol.

Olyoerite of tannic seid, bessuse of 18 probeln pracipiteting
setion, vas added to thie yreparstion in sa atbespt to prolong the scbion.

* Amerien Oyscasdd snd Chemiosl Bridgeville, Pa.
ﬂmﬂ«wmmwmdw ’




. See Usporimest 8. i e

Paller, Bssiking, and Partridge reported on the absorpbion of
Sulfontnides from stendanl wounds and found that & mixture of cod
liver oil aad white beeswnx prolonged the sbsorptton. Sush & base
wes propaved to observe its effuct on the shsorptien of ineulin
fron the subcubenscus ¥ ssus. See Zxpeviment 6.
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EXPEALWIED AL PARD

Experivent 1
Controle
> 1. Yormal} - - - (i
- 34 Stonderd Insulin Sol. B.U 4 8 il
3. Zne-Insulin Orystals 24.U 4 12 il
4. Protanine-Zn Insulin 0.5.0 4 24

Bormal bloed sugnr walues were detervined at lutervels in omder
that the normal variation of the blood suger lovel =ight be observed.
Revults of this detwrmination on 4 redbits are shown on curve I and
forwla 1. These Curves lulloste that the veriction in the norml |
dlood mgesr level of & fasting Pabbit wes slight, delag not =ore then il
10 @gs voreent. Jlny variation greater than 10 mg. percent was “‘
attributed to the action of the fasulin. i

Five units of standard fnsulis selution, formuls 2, wes injected
subcutensously and blood sugar detersinations were uade evary 2 hours |
wibil no were effect was noticed o the Wlood sugar level. Tho results ‘

from thie work on I yabbits are also shown apn curve II. These were ‘

used as controls for experiments in whlch etaniard insulin solutions ‘

were ouployed. This surve shows thet the duration of sctloa on She {

bleod sugar level of § unite of standard Snsulin wee spproxizstely 8 houws.
48 & control for experizents where orystslline insulia was used,

34 units of sine-insulin orystels} formls 3, were lmplooted in the

. 34 ﬁmmm.. mwl Indiana, hm oquals 24 unite. \i
1u.mmmxmmtmmummmﬁmm

=
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Note: Each curve on the following graphs
represents one animal reactlon.
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Standard Insulin Solution
5 Units :
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Zinc Insulin Crystals
1 mg.

24 Units
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flank of 3 vabbits. The ares was first anesthetized with & 2 peromnt
soluion of prossine hydroshloride in normel seline solution to which
vas added 1 percent epinephrine (1:1000) just before ite use. in
tnedsfon about 1 dnch in length wes made with a sealpel and & pocket
in the sudeutansous tissue was fovwed with a dlumt forceps. The
opyetals were placed into thie pocket and the opeming eubured.

The remults of the erystalline insulin control are slso showm
on curve IXI. The duretion of action was 12 %o 14 hours. If in veling
these erystals in & bass, absorpticn longer than this period resulted,
the yrolongaticn was assumed to be due %o the base.

The sbsorption frow 0.5 unid of protanine gine insulin ie shown
on carve IV and aleo ia fomuls 4, The duretion of action was shown
to be approxizately 24 hours, The curve indlostes that the inttisl
drop in the dlood sugar level wae rapld, dut 1t remained low for
6 to 8 hours and then graduslly retumed to its originel level.

éxperizent 2
Glyceryl lMonowtanyntes
4 injection
B. Glyceryl monostenrate - 2.0 gm. ’ 2 16-18

insulin Solution - WeR0-2.0 oo,

6. Glyceryl monostenyate. 1.0 gu.
wmtor (5£) 0.1 gn. 2 1214
insulimolution Ueilew- 2.0 00.

Ve Glye x monostenrate- 1.8 gu.
xmm Solubion Um0 20 co.

8. Gml Mnm- 1.6 g
Mﬁu somm mau- 2.0 ee.
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This series of experiments employed preparations in whigh 40 units
of standard fasulin solubion wes lncorporated 1nto & glyoeryl mono-
stoaynte hase conbalning vaxylag peroenbages of water, formulss 5,6,7
and 8. These preparaticas were lnjested subcubencously so tint eseh
mbbit recelved U unite of lasulls. The results of thie series are
slso shown on curves ¥, TI, YII asd VIII.

Tuose curves ladioate thet the affects of thess prepamtions
lasted frow 12 %o 18 hours, longer by 4 to 10 hours $han the combvel.
(8ee surve II). The proloaging of the absorptien concemed the
vetum to norml of the bleod sughr lovel aad not the initisl full
which was sluilar to that of the goubrel. The repid descent of the
Woed sugsr during tho first few houre wight have bHesn dus to the
shsorptien of the resdily availadle insalia on the surfese of the
preparation; the waluteining of & low level might have beea due o
the absorption of insulin from withia the base.

. The dumetlon of sction was longest with formala 8, curve V.

A possidle explasation of shy She duretion of asties wes less with
formulas 6, 7 and 8 was that these bases heoase mare miseidle with
the tissue fluids aad allowed the insulia to be absorbed too repldly
from the base. A preparstion with lower water gontest might make it
mere 44Ffloult for the issulin %o he libemted anl result in s more
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Glyceryl MonosteaPate
Anhydrous

Standard Insulin Solution

5 Uniti
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Glyceryl Monostearate
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Standard Insulin Solution
5 Units
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Glyceryl llonostearate
10 p.c. Water;

Standard Insulin Solution
5 Units 4
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| 20 p.t. Water_
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Sxpeviment 3
Glycegyl Tristenrate =

Implantation
Inftiel Drop  Length of action

mnam tristonmute - 0,100 gm. ‘
Zino-insulin orystals 0.001 gm. 8 28.40

Lyceryl tristearate - 0.095 gu.
Mm Wﬂb ﬁ.m gm. :

u. ¢ mnm %M &n.
Wn-m mm €0

lﬁ. 1 tristenrate - 0.080 “0
erystalgee. 0,001 m

10.

This series of experiments employed preparations ia whiech 1 sg.,
24 unite, wvdehMMmmMQWI
tristearate base conteining varying vercentages of water, formlse 9,
10, 11 and 12, Ourve III represents the oontrol for these experiments.
The tochnique was the same as desoribed under the contyel.

Tye results of this series are also shown on curves IX, X, XI and XII.

With fovmuls § the duretion of sotion of the imsulin was 28 to
40 hours. There was & yather even fall from norml. 7This fall, as
well as the retura to the original level, was more prolonged than the
contml. In this series all but formuls 12 bad this identical effect.

Formulas 9 and 11 showed & more prolonged return of the blood
suger to its original level then the others. The lator base held the

. M ’m‘ﬂ M‘g ’* xm “ww
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Glyceryl Tristearate
10 p.c. Water

Zinc-Insulin Crystals
1 mg.
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Glyceryl Tristearate
20 p.c. Water

Zinc-Insulin Crystals
1l mg.
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blood sugar valus st a lower level fbr & longer perled of time than did
the cther bases.

fxtrenely unoven sbsorpblon was shown frem fonmla 13. Perhaps
this consentretion of water, 20 peveant, wsde the praperetion too
wiscible with the Sissue flulde end absorption Sook placo too repldly.
Ten percent water wis prodably the optlaum m‘mzm and allowed
a more even ebsospbicn of lawulin from She surface to the center of
the laplant.

Ancther factor 1a the stuly of the absorstien of these mrepsmtions,
ss with the moncstessets serles, wes the fomsstion of dense oaneotive
tetue exprales around the implaats sad fajectlons. Thls remstion
probebly hed sose effect cn the adsorption, but 18 is not possible
to say at this time shat ibs exact vols wes,

Experiment 4
Petrolatum
Implantation
| Initial Drop  length of action
13, Petrolatun ~ 0.1000 gm.

Zn-insulin - 0.0003 gm. s G4 30-40

ni conted with wool fat 2.4 —

conted with pareffy - b

Fifteon experiments were carrvied out with preparation 13, end
4 typicsl results are shown on curve XIII.

From these results it was concluded that petrolatum exerted &
beneficial effect in prolonging the absorption of imsulin. Only 3 of
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Zinc-Insulin Crystals
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186 experiments retumed to the originel level and theve were after
20 hours dupeticn. Five of these oxverizents were ¢omt frmed 75 hours.
Daring the lest 75 hourn, the blood mugnr wemmined st aprwoximmtely
fte 40 hour level., 1t was fmpossidle o conelude st which roint the
effect of the insulin stovped. Any figuve helew the origimal level
up to 54 houvs, however, wos attriduted to the fnsulin, because in
seveml exveriment® the blood sugar was found to return to its
originnl lovel during this reried.

At the sonslusion of the sxperiments, the fmlanted ares was
exemined and no eapeule formsion was observed. In rost onses the
promaration apreared comnlstely absorhed, In those in which some
remained, oryeials of ineplin eould be observed under & wi crowcove.

4n objeotion in the vetwolntum results wns the wanid descent

from nopeal in the fivet fow Rours. This wag sugnosedly from the
turfase of the implant, Attempts weve made %o vrevent this % coating
the prevametions. The preparmtion uted in the coating exveriments
wag the same o formls 13 axoept for the coating.

Wocl fat sontains gholestorsl and M.QM#&”& entere and forns
8 mtonin.oll emaleions, It wae thought thad with a soating of
this mierisl as emision =ight yesult n the' tissue fluids and slow
the initia) ebeorpbion. The results aye shown on sarve XIll.s.

Thote were disappointing and the yabbits went into convulsions within
2 to 4 hours after the {mplantation,

Fapaffin woe then atteupted as a costing in an effort to rrolong
the inftisl mam&mm The vesults of 2 of the
experiments sre shown on curve XIIl.b. Six experimmnts were carried
out and a1l showed that 1ittle or no absorption took plage from these
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couted Implants, No capeule formmtlon wes cbsezved.

Glyeeryl monostemrste wes nlse used to cost the petrolntus
rroperation. Tight experimests were chserved with this type of
conting. The resulte are shewn on curve XIIf-e.

These resulte indieate that glyceryl monastearste, 83 & conting,
prolenged the faitial dvep of Weod sugar. The fall from nornel was
irregalar, Bt 3 of the sxperioents thowed that the lowest drep
securred from 24 to 29 hours after the fmplastation. TFive experineats
were contimned 74 houre. During the last 24 hours the Slood sugar
revained 8% the level of the 50 hour detersinstion, This indicated
that this srevamtfon was sotive for 2t lesst 50 hours. Thyes
expericants pesylted dn no absorption. This was prodadly due te a
too heayy cotting of the glyseryl monostearate.

Gollcdion wembrenes were used to good sdvantage in prolonging
the sotlon of sex hormones. Those mezbrenmes theoretissdly do nok
allow the pessage of protedn. No work wos obeerved ia the 11%erature
on thie subject onl 5 expertamats vere sarrisd cut in whieh sollodion
ver uecd as the conting, m resulte are shown on curve XI1T=d.
The oollodton aoating provented absorption and the iuplants were
removed inteet. 3

8lyceryl monsstenrate was the cnly soating of those attexpted
which sxerted any benefieial effsst in slowing the repid initisl
lowering of the dlood sugers The typs of proparation gave the dest
Tesults in regard to slow and prolonged absorvtien, howevar, &
heavy oapeuls formtion resulted.
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Petrolatum

Zinc-Insulin Crystals
0.3 mg.

Coated with Collodion
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A sortes of experiments was osrried cut using 0.3 »g., 7.2 uaits,
of sino-insulin erystals incorporated with this reparetion conteining
verying peromtogos of water, fommlss 4, 15, 16 and 17, The results
ef 3 experiments of sush group are shown on curves XIV, XV, XVI sad XVII.

 This date lndicates that the duratiop of action was ne longer
than that of the eontrol. The iaitiel drop from the origimsl level
mﬂmMMd&nMM¢mMmammt¢
the original level, o
 Unexplatned %5 the rosults from the prepszetion, formala 15, sheve
all 3 yabbite went into convulslons. Two of 4 experimests with
formule 17 ended in convulsions. HNome of the other experiments showed

* Duke Lsbersbories, Inc., Stanford, Gonn. Uholesterol esters
uummnfm s "o
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5 p.c. Water
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¥igonllaneous

Initial Drop length of action
e DONRS hours

o-mma} - ko 2 812

serosol ) - 2.0 gn.
Wﬂm’. 8.04 8 30-40
Glye. mm

.6 on.
Inmlin Ue20ewwmcecnces 0.6 08,

21, Cod Mver 041 6.0 gn.
White Beeswex 1.0 “i +=0.1000 gu.

Zn-insalin erystalseeeess0.0003 gn. ’ .

The results of the absorption of formula 18 are shown on eurve XVIII.

This curve indicates that the rresence of 25 peremt mraffin csused
the petrolatum to lose its property of prolonging the abscrpbion.
This preperetion did not heve suy eemsule surrounitng it 8t the
conelusion of the experiment. E
Standard insulin solution wes used in fomula 19 and it was
injected smubcutsnecusly by means of the modified syringe so that each
rabbit received & unite of insulin. The results are shown on curve XIX.
When glycerite of tannic acid was added %o this preparation,
formula 20, the absorption took place at a wush slower sate than the
solution of imsulin alone. The injected mterisl was heavily
encepsulated snd the skia was discolored over the avea of the injectien.




Petrolatunm
Paraffin

Zinc-Insulin Crystals
0.3 mg.
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Petrolatum
Rerosol
Cetyl Alcohol

Standard Insulin Solution
5 Units

3
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The results from this experirent are shown on curve XX.

Pormula 21 &1 not exert any prolosging effset on the abserpbien
action which was similar to the sontrel of sinc-imsulin erystals.
These results are on curve XiI.
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Petrolatum--Aerosol--Cetyl Alcohol
Glycerite of Tannic Acid
Standard Insulin Solution

5 Units
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Cod Liver 011
White Beegwax

Zinc-Insulin Crystals
0.3 mg,
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Reporte in the litemsture, although contmdictory, indioated
that imsulin wight be absorbed through the skin. Attespbs were mde
to study the cutunecus sbuorption of insulin, Mabbits, weighing between
1.5 and 2.0 kg., were uwed &9 tost animals. Betwoen experiments they
were kopt on & dlet of hay and oate, but wers not fed 24 hours previous
to the experiments and received no food during the sxperimeats. In
these experimente the hair of the ablomen wes renoved with an electrie
clipper. No vehisle was used for the standsrd solutions of insulin
usisg 20, 40, sad 160 units of insulin. Nome prodused & smrked lowering
of the rabbits® blood sugsr. Blood mgar snalysis was carried out
ww:umwf fiosults fron this series ave shown in
Tebles 1, 2, and 3.

Table 1
20 unite _
B130 Aolls nOPEBLisecisciirinsiirannes §8.08

10:40 L T

: . 97.41
M “\ FEBB B RN ERESRE NP ”J’
m&ﬁ(ﬁo BRERNBEA BB R RN AT BB “q”

& Lo
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Teble 2
40 unils

8308 AN DOPORL.seinvvnnuovnacnis $8.10
8115 * Applied 40-U _
‘l“ " e e "I 93,53
10318 » T 92,83
: mw » i i i s T ”n”
M“”Qh ARG R RB ORI RGN B IR R RN ”a”

Lol 8 S o

Table 3
180 units

”” Bolle Munﬂ#amana*s*mtnol 93.02
9:20 " Applied 1804

mn L R R R R R 2 "Q‘“
1330 *» FAREANEERAR IR R R AR 95.24

o8 63 B
bk
E

, ‘ BERBF AR R BRI A AR RN OB R R RN 95.71
1580 * FRESRABRN RS RN RO RN 98.850
%0 * et I T 93.89

This deta fndicated hat insulin wss not sbsorbed through the
skin in dosas &3 high as m;am,.
Sterkenstein and Hendryoh reported that issulin spplied to the
skin yrodused & sarked loworing of the blood sugar, if applied
after rubbing the skin with petroleum ether or chlorefom, both
solvents for cholestercl. 'They postulated thet cholesterel hindeved
absorption. They did not indioste in what form the insulin was spplied.
A series of superiments was carried cut using wrying units of

PR Da——
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standerd fnsulin solut fons eprlied Lo the skin of rebbits after
pretreating 1t with ehlorofomm, petrolous ether, and othyl aloohel.
m»wmamumutmmmm
quantitative solubllity of cholewtercl in these solvests, it was

WhmthWMMmm The results
are shown in Tsdle 4.

g
Solubility of Cholesterel (22 °c.)

In Mﬂ!*tnonwcn 0.4819 e per ¢8.

In Pet an M os.
ummx. ?5.%)  0.,0084 gn. %m

The results of the absorpblon of insulin applied te the skin after
pretroatosat with shlorofern ame shown in Tadles 5, &, 7 and 8, and en

m* " BRERRA AR TSR TN B RSN B s w.’o
u“"ﬁn R R e e ”Q”

Table §
20 units
A 3
::%;m“"u"n"nu." 91.32
ammmﬂ“
§ 1 hmmeomsterrtioendlE -
b
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Absorption of Insulin &pplieéd to the
skin after pretfeatméht. with chloro'form
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G tor

ora B3 b e

Toble B
20 vults

‘G” ‘0’# BOPERLcecorensnnsnnnnans 108.28

ﬂm”m M»S

IM00 Ade sovvvanasnovonaosensrane 104,16
m@m BEBRASAUN U R AR BN R NI NN 93.48
1100 ’;*t CREEAEERRNER AT EAE RNy $9.00

BERBEBAIE BB RN AT AR N R ER S z“'u

aw " e Ry tm;“

D188 A, m‘ﬁim‘lhhﬁtwtdﬂibodlﬁ 108,49
9160.9156 Applied CHOL
9155-10100 Applied 201
lhw M- R e s mﬁ“
m”m BERSHE AR AR RS R R E R IR SRR 93.48
“N !'-lh BEEARRD RN RG IR R b SN OB mﬁ“

am » FRERS  CREEARB RSO ERT NP
-

ﬁm # URREIRERBERR IR PSRN AR m‘m
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wable §
40 wuite
Chivral o Fretreatuent

10830 AdMe mtuuuu CesRseRBNEe
101456.104 80
103 50-11200
m R R R R

”w,»‘n Sebabbesbrnasatas bRt
mw v L R Y
“m " BEBRVEANBOAPERIINERRE SO NN

IMI ruﬁo m‘mﬂoq'tw.‘nutucooo:u
mmw Applied 4

u“ ’*ﬂ% L R R R R ]

ﬂ'u CERSBBRACHN IR ARG I RN
ﬂlﬂ » BREAPERRERGEBRABB AT R R W
ﬁ” L I R

Ziue E

ﬂlw &m! Mnﬁtﬁdioncatltutwutq
8330-81 35 Applied
B135-8140 aApplied
ﬂﬂﬁ‘wﬂ« L R R R R R
1&“ ‘* e

uumﬂ«nmmmnwnmuum»
unable to get blood seaple
4:00 P.ai. Convulsions

668.98

43.10
33,38
47.81
60.60

i

76.66

43.10
54.94
46.51
78.10

- N

83.328

47.61
36.49
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Tmhle 4
40 mits
Chlareforn Pretrentnent

208 P, MQt!lttﬁanﬂﬁﬂﬂiwﬁtbii 95.89
3135-3140 Arplied
NW“”QM&M‘

*"Q e s R R R R R R 2 ”&”
““ “ LA s AL R RS S SRR R T “ﬂ”
‘3“ . RACHIBAENEAARAIHSBA RO AN RSN ;M”

i B3 e

| ‘ : ,

l Houxg e Hga. e85 Glucose
“-“ Al moaanatqcnmﬁwqun’:nin ‘ “Q“
HEAE SR
1&”&4& PERRP R A RN NI ER R A RN BN 84.74
ml’ (A R R m;u

BHICEBAGIF AR AR R R RS S RGN Ry ”ﬂ“

IR T iassensssansireassrerannt ”iu

P
ﬁ

Teble 7 - ;
80 unite X

‘ %%& towuuo’tnngwuuwn m d&

uuﬂéthWG |

a”’i't i#n!t&idﬁtul&##»d&tv!u-nam “&“
“” L Y “b“
“” L R e R ] NM
NN " L T R R e m
“ﬂ L BAEEPIN IR EIRSERN AR BN TR R mn“

3D WA
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Toble 8
160 untte
Ohlovefors: Pretrestment

&
S0 B S aasmessanesissssior . MEN
gmgmﬁ ' |

’u’ BEATHERBABINBASIHIREREN TN, d b
“m " LS RBEANFBIRER SR ERERTRNERS “‘“

“m . R R R R R “Q“
’hﬂ . FLARESEASRACEFUAERERENRBRRN ”“

Y

b § DIB Pulle susvinosnsannssivnsnsonen 88.66
2 &“ . FERRB AR R AT T R BN RN TSN ”om
3 “1’ . L e R Y mﬂ
‘j hu " REEIFR AR IR SR BRERNERS b Sy
8 118 » CHSERE AR IR N R AN AR R aNY 4AR.48
Rabbit went into comvale
sions apd was tyeated with

glucose intrevencusly.

10t48 P.M, BOWMLsssossosssssannnssen 108.11
1:00.1:08 Applied ONOY
1108-1418 Avolied 160

m” ?;’n e “w"
Mﬁ by BACERERL R BRI NBERARELRENERE ”l‘
““ # L O ey “o“
R R R L nlr”
AR R R e AR S R R R R R L 2 “@”

o0 0 W
e

g
|33
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This dute (ndigates thet it wes possible So lower the blood sugar
level by applying stesdard insulin solutions to the abdomin of yedbits
which vas pretrested with chlovoferm. Jwo of the 11 yabbite in this
series went isto convalsious. There was & myked lowering of the
blood suger with the application of 80 and 150 unite. Little or no
lovering wes observed with 20 units and 2 experiments with 40 unite
failed to show & mArked dwop in the blood sugar level.
skine The results fyom this series ore shown in Tebles 9, 10, 11, end 12,
as well a3 on ourve XXIXX.

Tudle 9
b unite

”” ‘!“’ mtlobqngmnutwwwwu«m-o MMm
10130-10115 spplied P.E. ;
1&%1&”%% 68U ,
‘{, m M‘ e T s ] '_“m&
‘f’ ¢ ’ . . R e R R ] “.a
"U’ mu ’0“0 BEVERBER AR N AN R NS I RN R W W¢”
&u’ ”” " T N e T} lﬂ-ﬂ



Absorption of insulin applied to the

skin after pretreatment with petroleum

- ether
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Table 10
20 unite
Petwolewn Ether Pretreatment

Lime ¥g. pegs Glugese

z&w t;tiﬁtonl!&mtetivq. M“
nmm' 20-

qu BERPERRERIBRAARIDRERETANES nbu
um # L R e R R Y] nl”
mr“ln T e s e A R ”’”

CREER SR I RS AR BT IR B O RS M

m ' BAERAARBPITNADIRERROINE RN W m'ﬂ

G105 Ae BOPMBlecesnovvrornssnvrnns 108.62

8320-8826 Applied P.E.

8338-8130 Applied 20.U

m e ] m”
m” ' *"Q“'l‘ti‘.%i#'Diiilﬂilﬁ* ”’”
311& . FERREN BB F SRR NP SRR E R RN AN nt”

IR0 ¥ seasevavsansessansirannen 108.48

9110 AN, BOPMRLeseasevassnensssnnss 94,34
ﬁMﬂmMrcm

9128.9130 Applied 20.U '
m“MQ ESEAEIAF BRI BARE PRGNS OESHLY ”aﬁ
n:” L BRB RN RR RGP IR RS RO RSB RO 93.02
m”’tﬁﬂ ERESERRINERERAE RN AI RN ”ﬁ“
alu L FERRB BRI RS AT RIS AR "“u“

CX)



fable 11
80 unite

MM Al Mnam‘gn-wunu»nwtactam 114.28

EBEREIRE BRI R R ARSI A EEN RO ”ln

10120
11130 Rabbit vent fnto

L E o

Table 12
150 uaits

ltﬂ ’&‘Q mamcnauwuuunuv 102.66

ﬂMﬂW
1 &w ,i‘. e e R R R “‘“

W‘ 8146 P.u. MadbIt went into
soavalsions.
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It wos csteblished thet 20 uuits would show & proncunced dmyp ; |
in the blood smugar after the skia was pretrested with petroleam ether. |
It wes then sssumed that oll unite above 20 woald go Shwough the skin.

Cae experiment was onrried cut uslag S50 unite and one using 160 unite.
Bobh yabbits wemt lubo convulsions within 2 hours. These resalte
indleated that petyoleun ether was & more oificient agest iu preparing
the skin then wes shlorefosw. mmuu:mmhmmm
the theory wproposed by Merkenstels sui Hondryoh $hst cholestercl wes
the agent present in the skin which prevented absorption of substances
through it. If cholesterol was yesponsible for hindering sbsorpticn

of substances Shrough the skrin, then chloreform should be & more

then petroleus ether by virtue of its mash greater solvent action on
cholesterol than petroleum ether. See Table 4.

In the next series of experiments, ethyl aleohol (95 percent)
ws eaployed to preirest the skin. The results ave showa in Tebles 13,

14, 15, and 16.

fable 15
20 wnits -
Aleohol Pretreatasst
ma Aol BOPILesverrrssnscissernes 84.74
« Aleohol

mwloxw ﬁu;wiﬁﬁvauﬂﬁyano-muanwnet “.N
‘/’J“MQ ESRREP RN BN A S ARSI SR RI IR NN 82.30

FRARNRARBBR PRI B LB RRBEERNE ni“

*w’wnt (R e R R TS “ﬂ“

(- R o8 2 o
w i E D ‘,
58
E
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Table 14
40 ualite

Ziee

“‘ a . l"...."

lﬂl A“Q Mvvﬁnnuuununu
alechol

A R R T
BEPRBERNRS IR GG R IR NSRS N E N

e R R R ]

LS R A R R R R R SRR
LA iRl A R R R

Tuble 18
80 units

’lﬁ M MQG.Q“O'QQQOt»bi&!ll@bl
91 28-51E0 Applied alookol
MM“W BO.U

10038 A

11138
1836 r.ﬂ.
18 v
238 v

RIREPRABEBRFE RN RN NG RN
LI AR R LR R R R R R R R R R R R
R S A R R R L]

FEPLBRARBARPEENSANRIER GRS

EERBAENRRAEEB BV BERDREARB NN

-
-

11.73

1198
117.64

112.97
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Table 18
180 units
Alaohol Pretrentment

g%&l wmlﬂcn» FEBAE VIR R B A REY
od alcohel

9100.9108 Apolied 160-U

W”M L e R

,\1!‘” ‘ La S S R T A R R R R

m“ 'm BAEBERISSCRBNRTGBRAE N RERAY
@ . BRERBPBR AP AR R A BN BN RSN

““ " GRPES BRI AR EHR B IR BB RNy

#*ﬁu! Mnnnnnmwun

IQMOQ mxm 180-y
Y

m&MO bﬁonuama»n\nmwcw»Mvvuunv

Beon uutn»otdnﬁ\mwaau SEREREE

;’ﬂ !#‘0 Qhu&hﬂﬂﬂoaat@&nnnﬂﬁﬂwllm

m . PRES SO BER NI RN OB OB IR

‘t“ . FERIRIEBERRAINOLENGRERT RS

’-')g\
Tad




Phis date indlontes thub ethyl eleohol, 988 perems, failed %o
exerd & benalicinl efiect and @14 nob ollow the penetretion of the
e i ‘

The sidu ares pretrected with petrolous ether and ghlesofomn
eoudition did not Lupruve uring & perldd of 3 wouks sad the rabdite
wore kllsd. The akin ara mretrated with slochol wis not dhaoged
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APPLICATION IX OISTMRNT VEHIGLES

mmmmw veported than 20 units of tnsulin
incorporated in & C-16 aleohol ointuent prodused a startling dvop
in & rebbit's dlood sugar level if the skin was first prepaved with
petroleun ether. They 4id net diselose the fommla of thely
ointment or the type of the insuline. sclution or solid.

A tase wes then trevared somsisting of cetyl aleshol, B Heseest,
Berosol, 0.5 farsast, and pebrolatun, 26.5 seveost. One 064 of &
standard iasulin solution conteining 30 units per 0o, was incowporated
with 2 gn. of this base and applied to $he shaved abdomen of & mabbit.
This showed no effect and sinilar negative results were ddtained
with 40 units. This dete is shown in Sadles 17 snd 18,

Table 17

20 units
128 P, Mcmowe'nmﬂwnwntﬁ 90.90
1882100 spplied P.R.™ :
21002115 Aprited Ointment-20-U

ﬂ” Mi SRR IBBREREBEVIBNERNSRD RN Mﬂﬁ
a” " FREERERIEEPER I s BN SR RT 0B M
“” L L e T s st “ﬂ“
“” . BEATREABESAREBORNGRED DR "‘“

saws.
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Tebles 18

40 units
g”%m .%:;”“.“ sudne 86.49
m@ A-ﬁﬁ tl&’n!‘..ﬁi!&llﬂﬁaatu»:‘ 1%”
M b Sessssrsasasiursnnunene MQ

1&% ?»ﬂa FEAISARIBREIAREBA TR VRS "ﬁm
mm Palle sevvsnononersnonsnsnnnes %ﬂ

Two ce. of U-80 iasulin solutiem, 160 units, wes insorporated
#ith 4 gn. of aguephor snd this preperation applied to he clipped
ablomen of & yabbit pretrested with chloveform. The results of this
are shown in Teble 19,

suother preparstion (160 unite), was then rubbed on the abdomen
of another rabbit protreated with petroleum ether. These results are
shown in Tedle 20. Dleithey experizent produced & lowering of the
o S i
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Tuble 19

12148 Pty nopoB) svseerservnnnons 100,00

| &Hwﬁﬂ Aprlied m

”’Q‘U A R R R R N mo’@
““ RERBAEDSRARARIBN BRI ERRY “dﬂ
““ "  BEBMEERARA BN EE RNy m-&

Pable 20
160 units

“ﬂ&o’t BOPOAL s ssssnvsbssnnnsee 109.08

| Radls sosssnnnsnvonssnennsnsn 99.60

10:1
‘n” ., L R "Q”

t‘” !iﬂw .*h#iﬁhiﬁ&.ilt!tﬂ*ﬁ‘&ﬂ& 1@&”
‘l“ . BRPENSAARRTRIRRARR RN I Y ”M

These reralts indieste that ointmente hindered absovotion of

)
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CONCLUBIORS

1. The results indicated timt potrolatum, per se, exerted the
most beneficial effect in prolonging the sction of the mediecinal.

2. This property wes destroyed by the sdditicn of pamaffin
holesterol esters (squaphor), and acetyl aloohol snd aeresol

- mixture.

3. The prolonging of the sbsorption was not entirely devendemt
vpon the type of esulsion.
confim this indiestion. Comercial glyceryl tristesrete,
which remlts in 8 water-ineoll tyve emulsion, exerted &
benoficial effect. On the other Imnd, aquaphor, which forms
the seme type of emulsion failed to axtend the duwetion of

8. Proliminary work teemed to indionte tint an ofl-in.water
vosults failad to confiem thie MMM Counervoial
glyseryl monostenwate, vhioh forms an oll-in.water tyve
eonlaton, was shown to avert & benefielal offeot in
rrolonging the action. The petrolatum, aerosol, and eetyl
aloohe) =ixturs, whioh alse fors an oil.in.sater type
emlsion, 444 not exsvt this hamefioinl effech.
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6. Brxperimental resslte indieated that 10 percent water was
an optizum concent mtion for sn even, prolonged shsorption
from those bases whish had the abIlity to sbsord water.

7. Nore sbsorghion resulted fom the prepa:aticns wiish sontained
This was indieated by & lower dvep in the blood sugar level.

8. The repld descent of the blood sugay level from moet of
these hazes during the firet fow howrs wes probably due to
~ the absorption of the readily svailable inmalin on the
surfase of the preparation. The meinteining of & low level
might bave been due Yo $he sheormtion of losulin frem within
the base,

9. & capoule of connective tismne was found syousd all of the
that this sabstance was of sush oonsistemcy that it did not
irritate the tissuse and onuse them to set up thie defensive
resction to forelgn bodies.

10, The encepeulsted foplerta were rasoved ot the eenclusion of
the exparizents md axtmetsd with mter. Thess extracts
mere injented mbdoutenoonsly fnte mutreated sadbits. No
lovoring of the bBloed sugar level wae shsarved from these
fhjestions. This indteated at sither the ingulin wes
completely ebeorbed or that 18 wes denetured.
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1. Standard insulin solutions, insorporated in ointment bases,
failed to lower the blood sugar leval after their application
to the abdominal ekin of redbits either with pretvestment or
withovk 48. Thie indleated hal olntombs hisdered abworption.

2. Standard issulin solutions, alone, in doses as high as
160 units failed to lower the dlood mugar loval after their
svplicetion to the shéomimal gieln of nm

B 1% vas fownd tind 17 the skin wes fivet trested with
chlorofors ar petrolewn ether, end standard solutions of

 iamlin applied, & lowerlng of the Blood muger vesulted.

4. This effeot ws not cbserved in experinents in which

95 pevosnt ethyl slechol was employed to treat the skin.

B. The slin of the ruibits bessme hard, dvy, and #8492 frem
the treatment with ehlosoform end vetwlem cther,
bub not frem the alachol. This Indlentod $het these solvente
to tals winoe. :

6. It wae pevorted that cholesteml was the mubstanse which

prevented sbenmbion. Binse eholestersl wme fownd B0 be

more solible in ohlopefomm, t he bast absertion sheuld be
axpected with the use of Whis sibstance. Such vas nob

WMMMMMMMMMN

use of petroleun ether.
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