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THE DISSOLUTION BEATL_ AND THE. QhAL ABSORPTION. EFFICIENCY OF
SELECTED_SALICYLATLS FHOM LIPID-LRUG DELIVERY SYSTRES.
By Satishchandrs P. Patel ana Charles T. Jarowski®
(Department of Allied Health and Industrial Sciences, St. Jonn's
University, College of Pharmacy ana Alliea Health Professions,
Jamalca, New York, 11439)
Supmary

B-citosterol, cholesterol anoc its acetate and n-aecylate
esters were used in 3, 4.5 and 8-fold excess with salicylilc acig,
salicylamide, aspirin and methyl salicylate with and without
lactose. Dissolution studies were conauctea in simulatea gastro-
intestiral fluias with anda without sodium cnolate. The in vitro
aissolution rate of salicylic acioc was markedly enhanced in the
presence of the oile salt, Although the aissolution rates of the
salicylates from the lipid systems were significantly reduced,
the rate and extent of appearance of salicylate in the urine of
two test subjects were similar to plain salicylice acia. The urine
recovery of free salicylate seemed to be increased when the 1lipid
vehicle was cholesteryl n-decylate.

Introauction

Penicillins G and V coated with cholesteryl acetate showed

improvea stability in simulated gastriec fluiu. Oral aaministration

of such coated penicillins, as well as erythromycin, resuitea in
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466 PATEL AND JAROWSKI
greater urinary recovery of antitlotic activity. The urinary

recovery of tne penicillins was also signiticantly higher for the

4 - 8 nour poolea samples as comparea with the plain anticioties {(1).
Tne avlayeu passage of the lipia-coatea antipiotic particles from

the stomach into the auonenur most likely accounts for the latter
observation /), Beyond tne stomach, removal of the lipid coating
woula be expectea to oe rapid. The apsorption of lipids is efficient
ana rapia after exposure to bile ana pancreatic duct secretions.

In this report the aissolution rate ana oral absorption of
selectea lipia-~-coated sallicylates are investigated, Salicylie acia,
salicylamide, aspirin ana methyl salicylate were chosen as the urugs
to ve investigated since their biopharmaceutic ana pharmacokinetic
bropercies are well documented (3 - 13). The gastric irritation
encountered with salicylic acia ana aspirin might be preventea by
1lipid coatings such as cholesterol, cholesteryl acetate or n-cecan-
oate or p—sitosterol. These water-insoluble, neutral, non-irritating
compounas woula be expectea not to exert a deleterious effect on
drug stability. It was expected that oral aosorption of the lipla-
coated salicylates would be more predictavle than those with enteric
coatings. Recently the absorption efficiency of the latter have
been questioned (14, 15).

It was further decided to compare the various lipid-salicylate
combinations with iaentical combinations solvent-deposited on
lactose., The increased surface afforded by the latter would

expectedly result in more prompt dissolution in vitro and faster

absorption after oral administration.

Experimental
Materials- The following were obtainea from commercial

1 3
sources: salicylic acia , salicylamide , aspirin, powaer (U.S.P.):,
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methyl saltcylatez, cholesterol‘, cholesteryl acetate , p—sito—
sturol‘, cholesteryl n-uecunoate‘, lactose, powuer (U.S.P.)s,
soaium cnolate‘, cshloroform (N.W.)s, sodium hyaroxtdel, soaium
ohdsnanate, monobasics, annyurous /Lavoratory Grsue)o, potassium
shuspnate, uioasic, annyurous {Laodratory Graue)c, anu ayurochlorie
acia, concentratea (heagent Graue)z.

Euuinment- The folloving pileces of equipment were used:
Constant Temperature Chaker iBath, moael t.d.ﬂ.,, deckman Zc¢romatic,
§H nmeter , Gyrotory Incuoator Snaker, mouel 6-25,, Inmersion Filter

°
’5/3 inch by 2 inches), mealum porosity , Beckman Grating Spectro-

e
photometer, model DB-GT with aigital uisplay , Swinny Aaapter (13 muif

Millipore Filter Disc {13 mm aiameter, 0,45 micron)lO

Apalytical Procedure for the Deterpipation of Saiicylie
Acid, Salicylapide, Aspirin spd_Methyl Sslicylate-  Salicylic
acid was assayed spectrophotometrically in simulated gastric fluid
without pepsin (U,S.P. XIX)(303 nm) and in simulated intestinal
fluid without pancreatin (U.S.P XIX) (298 nm). A linear plot of
absorbance versus known concentrations in mcg/ml indicated that the
Beer's relationship was operative,

Salicylamide was assayed spectrophotometrically in simulated
gastric fluid without pepsin (300 nm) and in simulated intestinal
fluia without pancreatin (303 nm). An absorbance versus concentra-
tion plot showed that Beer's relationship was being followed.

Aspirin was assayed spectrophotometrically in simulated gastro-
intestiral fluids by a reported differential procedure (16)., It had
been shown that differences bet&een the ultraviolet absorption of
aspirin and its hydrolysis products were sufficiently great to
enable the accurate determination of both aspirin and salicylic acid,
By means of simultaneous equations one can express the results in

terms of total aspirin (17).
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468 PATEL AND JAROWSKI
A colorimetric assay proceaure was used for methyl salicylate.
To 4 ml of aliquot sample was aaced 10 ml of 0.066 molar soaium
phosphate, ditasic, 4 durops of 2 percent 4-awminoantipyrine solution
and 2 ml of one percent potassium ferricyanide. The volume vas made
up to 20 ml with distilled water. The absorbance of the final solu=-
tion was read at 510 nn. A Beert's plct was constructed by plotting
absorvance versus known concentrations of methylsalicylate.

Letermipation of Vars us_gSalicylate Solubilities ib uUastroinc

testipal Fluids- Excess drug (1 to £.5 gm) was placed in a
120 m1 glass bottle. Fifty ml of gither sioulated gastric or intes-
tinal fluia was added., The bottles were screw-capped and shaken tor
4 Lo 493 Douls Lt 790, Camples ol tne solution were priseo
tnroudn - nilligore filter (9.40 micron) rositioneu ir & uiney
adapter, The (iltrates were ailuted to appropri~te strengins wito
siruliated zustrointestinal (lulu anu acvsordance vilues vere uvter-
mined, Triplicale runs were naue ror each sample, Tnese results
are summarizea in Tzole I,

2reparation of $olvept-lcpositea Lruz-Lipig ana lrug-Lipju=-lac-
Lose, Milxtures- Accurately vwelgneu samples of arug ana lipiu vere
placed In a 400 ml beaxer {(Drug-Lipid ratios: 1:2, l:4.% anu 1:¢).
Sufficient (10 to 25 ml) organic solvent {acetone, chloroform or
metuylene chloride) was aaued to ulssolve the crug ana lipiu. iThe
resulting solution was stirrea with a magnetic stirrer ano the
solvent was evaporateéa oy a gentle stream of nitrogen. The resiute
was dried in an oven at 37°C, (at least 2 hours). The ariea resiuue
was pulverized in a mortar and sieve sized to the d0-mesh range.
After tumole oleniing for 15 ainutes three samples were taken {or
an assay of content un.formity. Only tnose samples showing a
uniform urug content {190 & 53) were used in the uilssolution

stuaies,
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Solvent aeposition of urug anu lipila on tne surface of lactose
(Drug-Lipia-Lactose ratios: 133:6, 1:4.5:5 ana 1:8:8) was carried out
by suspenaing the lactase in tne solvent solution containing the
drug ana lipid. kvaporation, urying, oulverization, sieve-sizing
ana assay ror arug content uniformity were conuuct2a as previously
aescrioed,
It was expect=a taal the Lipid-lizthyl sallcylate compinations
woulu be aifticult to hanale since tne latter is a lliqula. However

the 30-mesh particles, except (or having tne cnaracteristic oil of

wintergreen oaor, were perfectly ary ana free-flowing,

petermination of the In Vitro Dissolution Sate- betermina-

tisn of tne aissolution rate tor the pdure Arug and rugd mixtures
was conducted in simulated szastric juice (witnout pepsin) or simu-
latea intestinal juice (witaout puncreatin) with or witnout 0,74
molar soalum cnolate, Two nunarea ml of sinulated gastrointestinal
fluid in a 400 ml peaker was maintailned at 37 & 0.5°C. in a constant
temperature oath, The U,S.P. XIX alssolution oasket was centered
in tne uissolution medium 20 mm avove the bottom of the bpeaker.
Tne nasket was rotatea 4t 80 ¢+ 5 r.p.m. Accurately weighea samples
of the pure urug or the arug miatures were spreaa over the surface
of the aissolution medium. Aggregates were lightly oroken up witn
the aid of a spatula within 50 seconas after aaaing tne sample.

Five ml aliquots were withdrawn at various time intervals oy
means of a pipet attached with a plece of rubver tuving to a frittea
glass immersion filter (co:rse porosity). These aliyuots were
replaceda with 5 ml of gast. >intestinal flula equiliorateu at 27°C.
The aliquots witharawn for assay were filtered through a millipore
paa (2.45 micron) neld in a Swinny acapter (13 mm aiameter)., Two nml

of tne tiltrate was ailutea to an appropriate volume and assayea
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spectrophotyucztrically oy the proceuures aesceriven avove, The
gastrointestinal fluia, uilutzu with water in a similar capnzr, ..s
usea as the olank,

bach uata polnt represents tne average o At least teo aeger-
minations. There was no interferegnce t'rom lactose, lipiu or souium
cholute on the ausay {'or the tour salicylates. Here again it was
expected tnat the lipla-methyl salicylate 30-mush granules mizho
technical problems in the aissolutlion stuay, suehn as, liguia ester
sepuration or turovidity. Neither proolem vas encounterea.

Bloavallaopility of Salicylate from Drug-Liplu_ Pelivery systems-

Two healthy male, human subjects, LJ and 56 years of age were usea

for tne in vivo stuaies. A4 salicylic acia uose of <¢b0O wg or darug-
lipia mixtures contalning the same uose was auministerea orally to
the subjects who haa fasteuw overnlziht. The arug-lipic copuvinations of
40/60 mesh particle size were aaministereu as suspensions in 100 to
150 ml of water. Urine samples collected oefore arug aaministration
were used as blanks, The subjects fasted for 2 hours after urug
administration, Urine samples were collectea: 0 - 1 hour, 1 - 2
hours, 2 - 4 nours, 4 - 8 hours, o - 12 hours, lZ - ¥4 nours,
24 - 36 hours, 36 - 48 hours, 43 - 72 hours and 72 - 96 hours,
The total volume and pH of the urine collected during each interval
was noted. The test subjects drank liberal guantities of water to
insure a urine output of 50 - 100 ml per hour.

Quantitative determination of free salicylic acid in urine
was conducted by the method of Smith et al, (18) as modified by
Levy and Procknal (19). Total salicylate was determined by the
modified method of Bedford et al. (20). All samples were kept
frozen until assayed. Analyses were conducted vithin 3 aays after

collection of the samples. All sawpl2s were assayed in auplicate,
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Results and Discussion

Caru {¥) hat reporteq that both gastric secretion ang emptying
are innioltea vy fats ahu *atty acldas. AS a consequence a delayed
passage of tine lipld-coated arug particles from the stomach was
cipezted, Sel2ctiasn of the guantity of drug to be used in the ais-
solution stuaies was ziven careful consiueration. It was felt that
drug concentrations approaching saturation in the dissolution
sedium woula be more predictive of in vivo results obtained after
aral auministration, Urug delivery systems that remained in the
stomach longer woula oe exposed to smaller volumes of gastrolntesti-
nal fluid until passage beyond the pylarus had taken place.

In Table I are shown the saturation solubilities of the four
salicylates 1n simulateda gastric and intestinal fluid at 37°C, 4
significant increase in solubility in the latter only occurrea for
those salicylates possessing the free carboxyl group. As shown in
Taole II and Figure 1, the rate of aissolutisn in simulated gastr
fluid is airectly related to the degree of saturation. Thus, as t
sample welight decreasea from 356.,9 mg (90% saturation of 200 ml)
to 113 mg (30% saturation) the rate of dissolution increased.

A plot of log per cent remalning undissolved against time for selec-
ted data is shown in Figure 2. The points are cxperimental,while
the lines are drawn from the predictea values obtained from the

least squares method using a computer. The dissolution rates for
salicylic acld at 90X saturation fodlows simple first order kinetics.
dn the other hana, the data for salicylic acid:cholesterol:lactose
(ratts, 1:4.5:6) shows two apparent first oraer rates. The higher
rate occurred auring the first 60 minutes, Gibalai (21) had de-
scribea a similar observation in plotting dissolution data for arugs
with limited aqueous solubility. He demonstrated that such apparent

first oraer plots are obtained unuer sink conditions, The higher rate
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Figure 1. Effect of the Degree of Saturation on the In Vitro
Dissolution Rate of Salicylic Acid in Simulatea
Gastrie Fluid at 37eC,

constant represents the dissolution of fine particles, the other
rate constant represents the dissolution of the remaining drug par-
ticles,

To avoid this, the Weibull distribution equation was used for
plotting all the dissolution data:

Log (-1n (1 -m = bLog (t-1Ty) - Loga

Langenbucher (22) reported that linearization of all common types of
dissolution curves results from a Log-Log plot of -1ln{l -~ m) versus
(t - Ti)' The term m expresses the accumulated fraction of the drug

ip solution at time t; b

represents the slope of the line; Log a
is the y-intercept; '1'1 represents the time lag before the actual

onset of the alssolution process (in this instance, T1 = 0), The
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Figure 2, First Order Plot of Dissolution Rate Data for Salicylic
Acid (90% saturation) and Salicylic Acid:Choiesterol:
Lactose {1:14,5:6) in Simulated Gastric Juice at 37°C.

term Td used in the Tables represents the time required to dissolve
2,24 of the drug (this is derived from the relationship a = (Td)b.

The T values derived frop Figure 3 are summarized in Table II.
When the dgssolution rate was determined at 90% saturation, 'l‘d was
95.4 minutes. At 30% saturation, this value was less than 18,%

ninutes,
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decliced to conduct the experiments, at least for salicylic acid
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and salicylamide, at 30% saturation., Because of tLhe greater solu-
pility of aspirin und methyl sallcylate, the resulting bulk volume
of drug:lipid:lsctose solius recuired for 907 saturation was too
great for the 200 ml of alssolution medium, consequently, lower
weights were used (Table III).

The data in Table IV for the Drug:lipid cowmoirations shows no
exception to the generalization that as lipia concentration is
increased, Ta in simulated gastric fluid is increased. Deposition
of the drug:lipid combiration on lactose results in a reduction in
Td values, The only exception l1s aspffian-sitosterol:lactose
(1:4.5:8); the Td value for the crugzlipid combination (}:4.5)
is 204.8 minutes, whereas that for the same combination with lactose
is 205.2 minutes,

In Table V only the aissolution datae of salicylic acic and

aspirin in simulatea intestinal fluid is shown. Single ueterminations

Table III. Weights of tne Various Salicylates Usea in the
In Vitro Dissolution Rate Studies.

Degree of Saturation
in 200 ml of Simulated

weight Gastric Juice
brug —(mg) (2)
Salicylic Acia 356.9 90
Salicylamide 514.1 90
Aspirin 509.5 45’
Methyl Salicylate 2737 2’
+ Lower degrees of saturation were necessitated pecause the

more soluole salicylates would require an impractical volume

of solius to be useu in the dissolution study.
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of the aissolution rate of salicylamide ana methyl salicylate and
several of their lipid combinations were conducted. There was no
significant difference from the aate collected in simulated gastric
fluid. This observation was not unexpected since these compounds
showed insignificant increases in solubility in simulated intes-
tinal fluid (Table I). On the other hand, the greater solubility of
salicylic acid and aspirin in simulated intestinal fluid should
have an effect on the dissolution rate, Comparison of the data in
Tables IV and V bears out this expectation. Fxcept for the two

comoinations, salicylic acid:cholesteryl acetate (1:4.5) and
salicylic acid:p-sitosterol (1:3), the Tyvalues are consistently
lower when the dissolution medium was simulated intestinal fluid.
The presence of the surface active bile salt, sodium cholate,
in the simulated intestinal fluia was expected to accelerate the
dissolution rate of salicylic acid from the various lipid matrices.
Bates et al (23) reported that bile salts enhanced the dissolution
rate of hexoestrol and griseofulvin. In addition, several reports
have appeared in the literature (24, 25) on the importance of bile
salts in the intestinal absorption of cholesterol. Consequently, 1t
was not surprising to learn after comparing the results in Tables
Vv and V1, that marked reductions in Td values occur when bile salt
is present. Interestingly, the greater the lipid content, the
smaller the Td value in the case of cholesterol and cholesteryl
acetate, Thus, the Td values are 43.5, 38,%f and 12.5 minutes,
respectively, for the 1:3, 134.5 and 1:6 ratios of salicylic acid:
cholesterol, In the case of salicylic acid:cholesteryl acetate,
ratios of 1:3, 1:4.5 and 136 exhibit Td values of 33.0, 24.6 and
6.4 minutes respectively. It is also of interest to point out that
there is essentially no difference in T4 values for all three of the

p-sitosterol combinations.
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The ip vitrg dissolution aata in the three simulated gastro-
intestinal nedis indicated that the oral absorption efficiency of
salicylic acid from the lipid d2livery systems should be satisfac-
tory. The urirary excretion data summarized in Table VIJ confirms
this expectation., The rapld appearsnce of salicylate in the urine
after orgl sdmiristration of the 1lipid combinations was unexpected
since it was assumed that the lipids would cause lengthier resi-
dence of the drug delivery system in the stomach where dissolution
was slowest, Since only two subjects were used in the urine recovery
stuaies no significance can be attached to the differences ip
total salicylate recovered after 24 hours for the various samples
tested. The evaluation of salicylic acid:cholesteryl n-decylate
(1:6) was undertaken because of the observation by Kim (26) that
the aissolution rate of hyarocortisone was most effectively
depressed by the n-decylate ester from a series of cholesteryl
esters. It would appear that the free salicylate recovered in the
urine after oral administration of salicylic acid:cholesteryl
n-cecylate (1:6) was aouble that odbtained with salicylic acla
for both subjects, Here agaln, the significance of this observation
must await a more extensive oral absorption study. Kapp and
Coburn 27) reported that adolescents and adults excrete about 803
of ingested sodium salicylate., The total salicylate recovered con-
sists of: salicylate (20%), salicylurate (55%), glucuronides (£5%)
and gentisic acid and related compounds (4 - 8%). On the basis of
their report, the 24 hour cumulative excretion of salicylate should
have been 13.7% for CIJ (20% of 68.6) and 12,65 for SP. These
interesting results deserve further confirmation to establish
whether the salicylate:lipid delivery systems can reduce the meta-

bolic transformation of orally aaministered drugs.
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492 PATEL AND JAROWSKI
Toe use of liplus ip preparing speclslized arug aelivery
sysléms warrunrs furtner stuuy, an earlier stud; {1) hau shown that
acia labile antivictics were protected vy the lipla system anu thus
they were more completely ansorted after oral aawinistration. The
present. study has snown that rapid ansorption of salicylate tares
place from suen lipluturug Gelivery systems. Thus, gastric irrita-

tion inducet Ly salicylates shoula be mitigated by such lipia
Svatings without impasirment of saljcylate bloavailability. The
interesting observation tuat uncpsngec salicylate vas recovered in
SeeMLNClY GL0eD SoNeRnLraliafng i nac urine 3r o tne Lo subjuiets

aen 2testergl Neaeeslate wns Mnea, sarrabts Durtner oxploration.

FOOTNOTES
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3. #datneuun, Coleman ana bell, Norwooa, Onin,

8. Fiscaer Scientif'ic Co., Fulr Lawn, N.J.

. New Brunswick Scientific Co,, Mev Erunsvick, N.J.

« Beckmsn Irstrurent Co,, Fullerton, Californiz.

W

. Arthur i, Thomas (Co., Cnicugo, Illinois.

1~. Killipore Jorporation, Beufora, Mass.
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