
Edward J. Hiross, Ph.D. 
Director 
Drug Regulatory Affairs 
Sterling Drug Inc. 
90 Park Avenue 
New York, NY 1003.6 

Re: Docket No. 77N-0094 
Comment No. COO110 

Dear Dr. Hiross: 

Reference is made to your company's protocol (number GSA 81-25) 
for a bioavailability study on enteric-coated aspirin, which 
was submitted to FDA by cover letter dated January 25, 1982 and 
is identified as COO110 under docket number 77N-0094. 

The Bureau of Drugs has reviewed your company's protocol and 
has found it to be unsatisfactory. The Bureau offers the 
following comments for your consideration: 

1. The specific objective(s) of the study are unclear and 
need to be clearly stated. For example, is the objective 
to demonstrate bioequivalence of your firm's product and 
Bayer aspirin, or of your firm's product and a particular 
brand of enteric-coated aspirin? 

2. The rationale for the doses chosen should be stated. 
In addition, the doses of the drugs are unclear and not 
specified (e.g., "two (or one) tablets as one dose“). 

3. The four treatments to be used should be explicitly 
described by brand name. In addition, the drug treatments 
are not consistently listed. The abstract describes the 
four treatments as: (A.) "two enteric coated, 325 mg.," 
(B.) "two enteric coated, 325 mg., tablets," (C.) "one 
enteric coated, 650 mg., tablet," and (D.) "three, 325 mg., 
aspirin tablets." The aspirin tablets in (D.) are 
presumably uncoated Bayer tablets. Is this correct? In 
the informed consent form for the patient, the four 
treatments are described as: (1.1 Ir2 x 325 mg enteric 
coated aspirin tablets," (2.) "2 x 325 mg enteric coated 
aspirin tablets," (3.) 1 x 650 mg enteric coated aspirin 
tablets," and (4.) “2 x 325 mg enteric coated aspirin 
tablets.“ 

4. The protocol states that the study will be a crossover 
study involving four treatments, but a complete description 
of the experimental design is not given. 'A possible 
experimental design is the following: 



Week Week Week Week 
1 2 3 4 

Sequence 1 A B C D 
Sequence 2 B D A C 
Sequence 3 C A D B 
Sequence 4 D C B A 

This is a four-treatment, four-period crossover design 
balanced for the presence of residual effects of the 
treatments. The four treatments would be randomly assigned 
to the four treatment labels: A, B, C, and D. Each subject 
participating in the study should be randomly assigned to 
one of the four treatment administration sequences, such 
that an equal number of subjects is assigned to each 
sequence. Thus, the number of subjects should be a 
multiple of 4. 

In using this design, it is assumed that the clinical 
facilities are adequate to permit treatment administration 
to be' carried out on each subject on the same day. If the 
subjects are dosed on different days in each study week, 
then the design will have to be altered. In addition, the 
protocol provides a seven day washout period between 
treatment administrations. Your firm should verify that 
this period is long enough to prevent direct carryover of 
drug from one study week to the next. 

The above design is still usable if your firm decides to 
sample blood as well as urine. 

5. The measurement of total salicylate from urine is 
unacceptable for the evaluation of the bioequivalence of 
enteric-coated aspirin to nonenteric-coated aspirin. The 
plasma concentrations of the active therapeutic moieties, 
aspirin and salicylic acid, should be determined. The rate 
and extent of absorption of both therapeutic moieties 
should be evaluated. A possible assay method that your 
firm may wish to consider is enclosed. 

6. Your firm should provide assay validation data, i.e., 
assay sensitivity, specificity, linearity, and 
reproducibility data. In addition, representative 
chromatograms should be provided for control, spiked, and 
collected plasma samples for different concentrations. 



7. Precautions should be taken to prevent aspirin 
degradation during urine and blood sampling, handling, and 
storage. These precautions should be described in the 
protocol. 

8. The proposed urine collection times do not allow for 
continuous collection0 For example, collection times are 
proposed for the O-l and 2-3 hour interval, but not for the 
l-2 hour interval. 

9. If an estimate of intrasubject variability is available 
from previous studies of these dosage forms, the necessary 
number of subjects may be determined. (Variability 
estimates for O-3 hour salicylate excretion and for total 
cumulative salicylate excretion may possibly be obtained 
from the data in the paper by Bicket et al,, included with 
your firmss protocol.) 

10. The rationale for the selection of treatment groups 
should be stated. No rationale has been given for the 
sample size of 12 subjects in the protocol. In addition, 
there is no discussion of the proposed statistical analysis. 

11. Your firm has not discussed the possibility of a 
potential lag time in absorption following the 
administration of the enteric-coated product. In addition, 
your firm has not considered what effect the ingestion of 
food 4 hours post-drug administration will have on the 
absorption of the drug. 

12. The Bureau suggests that, before conducting a 
full-scale study, your firm conduct a pilot study in a few 
volunteers to determine the most accurate blood sampling 
times for defining the time to each maximum plasma 
concentration (Tmax), maximum plasma concentration (Cmax), 
and extent of absorption (AX) for both aspirin and 
salicylic acid in each product. 

We suggest that you consider the above comments in revising 
your protocol. After you have had an opportunity to review 
these comments, we will be happy to meet with you to discuss 
your proposed study. You may call Mr. Melvin Lessing at (301) 
443-4960 to arrange a mutually convenient time. If a meeting 
is held, it would be helpful if you submit your revised 
protocol sufficiently in advance to allow us to review it prior 



to the meeting. In addition, we would be interested in 
receiving a curriculum vitae for each of your investigators. 

We hope this information is helpful. 

Sincerely yours, 

William E. elbertson, Pharm. D. 
Director 
Division of OTC Drug Evaluation 
Bureau of Drugs 

Enclosure 
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Several HPLC assay mlhods for the simultaneously qusntitation of aspirin 
and saficylic acid in biolcgical fluids have been published (‘r-3). In 
-the neth~d of Perig et al (?j, no cansid2raticn was. siven to ,!OSS Of 
~alicy’lic acid ky stibliaation cr loss of aspirin bj’ hgdrs;ysls. !I? ?d- 
dition, the precision and re2roducibilit.y v!ork was only carried OlJt cit. 
high drtic; agd ~et;ibolite concentrations (aspirin - 53 vs/ml; salicylic 
acid - 109 g/:nI ) . /hick and ikson (2) used a u.v, detector (230 fin) to 
n>nitOT tb12 c.S[jil (1, L%v;;mCl saijC:;l j:: :.cid. Bcxiiuse of th? IQ?/ KiOiS?- Z5SOrp.- *.- : - 

tivity of thesn coixpr;unc!s at 2F;O t-m and the resultins ue21: chrczato- 
graphi:c pcaqs, the choice of this detection wavelefir;gth is questionable. 
Althcvgh In zspirir: sensitivity Of 0.2 r!g/ml v/as claimed, validation xss 
onfy carried sut in the 7-7 q/n1 range. The most recent nethod of LO 
<nd Eye (3) utilized a u.v. detector set at 234 ml. Precision data i+as 
given in the r~pcr t at the ? pg/z? fevc? for aspirin. 

In this study, &xr?;s of thr previousfy pub-l ished methods were evl?lu- 
ated. A xthctj’ based pr izzr i iy cln that of. Lo an< 5ye was develo?eS and 
validated (3). 

s 
- . .: ._. . _._’ . . ‘.. 
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er'ir~v:!stigator (3, used chloroform for extr;~tir;... =.fter protei? 
precipitztiori Viith zc5td9itrile. In o:lr hands, excel'lcnt rec~v?ry ~;?s 
achieve,?, hwever, the ew'lsions that formed v;ere very difficult to 
break. Therefore l;:e exzzined the possibility of using chlorofor;i;! alone 
as the extraction soivent. The distribution ratios for aspirin- and 
salicyiic 2cid betkEEn chloroform 2nd piasna ~;ere determined. From 
these studifs it-was established that an absolute recovery of bettor 
than 5;; ;~as possible usifi g 10 ml of chloroform and 0.2 ml plasma L;hich 
had bern acidified with 1 ml of 5% H3704. / 

The r-ethod was ev21uzt~d for spcificity, First, if v/as determined thzt 
r-ICI er!rjr,~;,t-lU ." -P-P"5 subst2sces interierr-ed with the p?ak for ~-~ethoxy?~~n~:acetic 
acid. Only very small p- 2ak.s (125s then 2 mm at 0.01 AtiFS), hclving retenzicn . 
times 'corresponding to aspirin and salicylic acid, k:ere occasionally 
found in the chro~~ztograms of control plasma smpl2s. kcond, standard 
soluticns ci tk:o ottier metzbolites :%:ere prepared and their ret:-.>tion 
tines deterzined. Gentisic acid and salicl;Jric acid k:ith rete;?tion 
tiws of 5.2 2nd 6.0 minutes respectively, would not inter-far-in czr 
sr?27?'SiS rf cl inicaf smples. 





1. G.N. Pang, A.F. Gadalla, V. Smith, A. F?eng and N.L. Chicu, 3. PI-,srm. 
Sci. 67, 710 (19X). / - 

2. EIN. Anick and i4.D. Mason, Anal. Letters 12, 629 (1979). . - 

3. L.Y. Loo and A. Bye, J. Chrma”ogr 1E;1-, 473 f lE0). 

4. S.L. Aii, 3. Chronztocr 1.26, -- 651 (1976). 

5. l-7.0. Kirchhoefer tc T.3, Gofhl .- memorandm dated 3/38/&O. 

. 

. 



, 

Table 1 

. 

Sublination loss of Salicy’l ic Acid During Evzporztion Step* 
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5.0 9s 20 99 5 78 

7.5 89 30 82 

10.0 102 40 96 
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Several HPLC assay methods for the simultaneously quantitation of aspirin 
and salicylic acid in biological fluids have been published (l-3). In 
the method of Per*? et al (I), no consideration Was given toJOss of 

. salicylic acid by sublimation or loss of aspirin bit hydrolysis. In ad- . 
dition, the precision and reproducibility boor): was only carried out at. 
high drug and metzbofitc concentrations (aspirin - 50 cg/ml; salicylic 
acid - 100 g+ll ). Anick and Mason (2) used a U.V. d2tector (280 nm) to 

. monitor the aspii-in ~r‘d ‘saiicy?ic acid. Because of the low noiar absorp- 
tivity of these coc:pounds at 2&O nm and the resultinc; rr2a.l; chrcmato- 
graphic p2aks, th2 choice of this detection wavelength is qu2stionable. 
Althcugh En aspirin sensitivity of 0.2 r:g/rnl was claimed, va'lidstion was 

- only carried out in the l-7 pg/mf rarige. The most recent method of Lo 
. +?nd Bye {3) utilized a U.V. detector set at 234 nn. Precision data was . given in the report at the 1 pg/ml level for aspirin. 

In this study, eliments of the previously published methods \gere evalu- 
I ated. A methcC based primarily on that o'f. Lo and 5ye was developed and 

. . . 

-_ 

:_ . 

. ‘_ 

. 
. _  

._ 

. . 

: . . 

.._ 

validated (3). .- ..:: .'-..:;'. . _* 
. . _ 

. +ixperinental 
. . 

', . * . _. . :., .: . . : *. . . 
Apparatus: : '. : .' -: (. , : . . I- _. I . . . :_-* . * - . . . . ,_ '.. _- 

. . *. .I . ". ... '. ._ . 
A modular HPLC sys tern consisting of a Raters Mode9 !%CO3A constant Flow 
pump, a 'riaters I.lodel U6i: valve-type injector, a Schoeffel Model SF770 
variable k;avelensG~ ultraviolet detector (235 nm) and a Kipp and Zonen 
strip chart recorder (0.5 c:n/min) was used in these studies. It was . 
equipped tilith a G;<ters reverse-phase 33ondapak C-iZ co:um. The mobile 
phas" was a soll!!ion of mettianol:C.085~~ phosphoric acid (45:55). A flow .. 
rate of 1 ml/c-in (1509 psig) zas established. . _._ - . . 

.-- . .:. . 
Reagents end Eaterials: . . -. _' ., .- * , _. . . . . . . - . ..,:- :. . . . . . . ". 
Aspirin,'salicylic ac-id,-gentisic acid, salicyiuric acid and Gmethoxy- 
phenyl*acctic acid \:cr, 0 ob.tained from a comercial source {Aldrich Chemical 
CoXpX;y). Solv.ents k:ere HPLC grade (Surdick and Jackson Labs. )- Standard 
sofuticns of c:zch sub;tance were prepared in methanol. (Stock solution - . 
10 ng/nl; workjng solution - 0.1 rq/ml). Concentrated phosphoric acid 
(Fisher kicnti fit) was diluted to 5 X y;i th deionized Fa:ar (Ki 1'1 i pore's 
Milli Q Systecr). 

. 1‘. . . -. . . 
.' Assay: **. . . . 1 . _. . . _ . . . . 

To 6.2 ml plasm?. in a 20 x 150 cm disposable glass culture tube, 10 111 
of soltition of ~-netlloxg?h~nyt~cetic acid (internal standard), 1 ml of 
fig ))-jrQ< 2ilj :o !:1? of C,tiC 13 i,:c?re ZddCd. The tubes wre trortcxed for 30 ’ ’ 
seconds 6~3 cc!ltt,ifused for five minutes. After aspiration of the top 

. . 

* 
* 

. 

. 
* . 

” I 

introduction 1- - -. - 



. 
* the crctni,c phase e:as trsnzferred by 2 t.5 t seccc:cl ;.'s 

* 1 <,- I aqw?p:;~, ;hase, 
;I, : X' I ,'yJ '-“;, d i c,&;;t : 5 .- 

- ,-, jse,e 'WC&- bath and tz 
cL'ituri2 L,bfi. The tubes he iaced into 2n 

;snic phase evaporated to dryrms under a gentle 
:strem of nitrogen, T.he residue was the-n taken up in 0.5 ml of mcbiie 
phase. (Thorough rinsing of the entire walls of the test tuSe was abso?ute?y 
necessary to recowy al? of ths salicy?ic acid.) A 50 ~1 al.iquot 07 tr;s 

. so1ut.m was injected onto the HPLC column. 

Recovery: _ 

Plasma 21 iquots (0.2 m?) 'were spiked with known serial quadtities of 
aspirin and salicylic acid. After the samples were treated as.described, 
the peak heights v:er e ccnpared to the peak hejl;hts obtained frcm injection 
of known quantities of the compounds. Racovcry pias also estimared by 
determining the ratio of slopes of the standard plots. 

Precision and kicuracy: 

Norma? human plasma aliquots were spiked with known amounts of aspirin 
and sa?icylic acid to give several concentrations. 
"blinded" and then.assayed as described. 

The samples k:ere 

Specificity: 

Direct injection of standard solutions of'fwo other knok:n metabolites 
( i.e., Sentisic acid and salicyluric acid) were made using the chroneto- 
graphic conditions described. In addition, several control humtn plasma 
SzmpleS were carried through the method as described. 

Stability Studies: 

To 5 m? control plasma containing 50 ~1 of a 50% aqueous solution of Naf 
(w/v) and 50 ~1 of an aqueous solution of heparin (1000 I.U./nl) clere 

:: * 
.' ' 

-added kno>;n ec;ounts of aspirin and salicylic acid. Ten aliquots of each 
spiked plasma sample r.:ere taken and immediately frozen. 
duplicate stmples k:erE! assayed at 0, 1, 2, 3 and 4 weeks. 

Subsequently, 

Resuits and Discussion 

Studies wer? carried out to optimize the conditions for the assay of 
aspirin and salicylic acid. 
were evaluated. 

Previotsly published extraction procedures 
In t\+o publications (l,?), a benzene-ethyl acetate 

extraction solvent system was employed. 
using this system. t-iobievf-r * 

Excellent recovery was' reported 
during our evaluation solvent impurities, 

as well as residual solvent ir, the sazqles, resulted in extrarieous interfering 
chronatoqraphic soaks. In addition, the extended evaporation ti,~ that 
would be necegszry to assure the co.mplete evaporation of benzene, raises 
the potential for 1~5s of saiicylic acid by sublimation, Thus this 
solvent system was not considered acceptable. 

\ . 
. . 

. 
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. Another irivestigator (3) i,ed chloroform for extraction ai&r protein 
precipitation with ac2tdlitrife. In our hands, excellent recovery was 
achieved, hcxever, the emulsions that form2d v;;ere very difficult to 
break. Therefore we examined th2 possibility of using chlorofolyqalone 
as the extraction soivent. The distribution ratios for aspirin-and 
sa? icy1 ic acid between chloroform and plasma >;ere determin2d. From 
these studi2s it'tras established that an absolute recovery of betttrr 
than 90% >;as possible using 10 ml of chloroform and 0.2 ml plasma which 
had be?n acidified with 1 ml of 5X H3P04. / 

The less of salicylic acid by sublimation durinc the evaporation process 
has been reported (l-4). To overcome this problem, it has been sucjzsted 
that the evaporation process be carried out with the t2st tubes imm;ersed 
in an ice bath..Hosever, another investigator (5) found that the test 
tubes must he removed from the evaporation system within 30-60 seconds 
after the sample had reached dryness. After examinaticn of this problem, 
we have found that the sublimed salicylic acid can be recovered. In our 
study, salicylic acid was added to a group of test tubes. The samples 
were placed in an ice bath and nitrogen was passed into the test tubes 
(20 x 150 IDI) for up to one hour. After thorough rinsing of the k!alls 
of the test tubes, all of the added salicylic acid was recov2red (Table 
1). It should be noted that a larger test tube is needed to facilitate 
the complete recovery of salicylic acid. 'a 

An internal standard has bern used in the publish2d methodologies. The 
iniernal standards used were: phthalic acid (1,5), p-toluic acid (2) and 
3,4-dinethylbenzoic acid (3). Phthaiic acid elutes too early for it to 
be a us2ful internal standard. .The other t):o substances elute *Mith 
retention times around tk;;ice that of the salicylic acid. In our work we 
found that 4-nethoxyphenylacetic acid eluted be&een aspirin and salicylic 
acid. Therefore 4methoxyph2nylacetic acid was used fn our subsequent 
studies. 

The method was evaluat2d for specificity. First, it was determined that 
no endogeno,us substances interierred with the peak for 4-methoxyphenplacetic 
acid. Only very small peaks (less than 2 mm at 0.07 AUFS), having retention 
times corresponding to aspirin and salicylic acid, were occasionally 
found in the chromstograas of control plasma samples. Second, standard 
solutions of t?:o other metabolite s >:ere prepared and their retention 
times determined. Gentisic acid and salicyluric acid with retention 
times of 5.2 and 6.0 minutes respectively, would not interfer,in cur 
analysis of clinical samples. 

Chromatoqrans obtained in the analysis of control human p13sma and plasma 
spiked vi':; h varying asmounts of aspirin and .salicylic acid ;re sho>;n in 
Figure 1. The retention times for aspirin. 4-mcthoxyphenylacetic acid 
and salicylic acid were 6.6, 8.4, and 10.8 minutes, respectively. 

A standard linear plasma calibration curve was obtained in the 0.4 to 
10 pc/rnl range for aspirin and in the 4 to 40 pg/ml range for salicylic 
acid (Fic~re 3). Fr2sert sensitivity studies sho:ied that at least 0.4 r;s/ml 
aspirin 2nd 4 ::s/91 salicylic acid could br quantitated. Further studies 
at lok&r concentrations wi?l be carried out. The absolute recovery of 

\ . . 
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’ .aspirin.ind salicylfc acid adA “ed to control pl ama was studied by comparison 
cf peak heights arid the ratio of stopes obtained for the piasna eutractiori 

: standard curves end the direct standard curves. The absolute recoveries 
for aspirin and sslicylic acid \qere over 90%. The recovery for-‘%  
methyoxyphenylacrtic acid was over 75% {Table 2). 

To study method precision and accuracy, known anounts were added to 
control pl a ma. These smples were assayed in quadrupl icate as described. 
The coefficients cf variation (cv]. for the assay of aspirin dnd saticylic 
acid over the ranges of @ .4-8~cg/m l for the aspirin and 449~g-/m l for 
sa’iicylic acid aYe reported in Table 3. 

The stability study of aspirin and salicylic acid in plasma has been 
initiated. Results of the study wit1 be made available in three weeks. 

‘Coicl usions 

A  relatively simple, precis e and reliable analytical nethod has been 
devel aped.. The method is sufficiently sensitive so that single dose 
(650 mg) pham racokinetic studies can be carried out, Great care, however, 
is required after the evaporation step to insure that all of. the salicylic 
acid has been dissolved in the mobile phase. prior to injection of the . 
sample onto the chromatographic colon. 

. 

. 

. 
. 
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. Table 1 r ,- -_ i 

Sublimation loss ok c Salicylic kid During Evtporation Step* 

Evaporation Tire (nin.) 

0 
. 

5 

10 

15 

30 . 

45 

60 

. 

* see Results and Ci;scussion section 

Peak Height (ml 
@ G.l kUi5 

142 

123 

144 

121 

139 

129 

135 

-. 
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Absolute. hsdy Recovery of Aspirin, Sal icy1 ic Acid and 
4-Gethoxy;henylacetic Acid (internal Standard) from Plasma ,- ,* -. d 

I. Recover-y by Comparison of Absolute Peak Heiahts 

Aspirin Sal icy1 ic Acid 

Added Cont. 
--m 

% Recovery 

2.5 118 

5.0 96 

7.5 89 

10.0 . 102 

Internal, St3ndzrd / 
Added Cont. I Recovery Added Cont. “, Recovers 
‘-JGFn-- L4/m!‘) 

10 

20 

30 

40 

mean recovery ( C. V. ) 101’ 12% 

a2 

99 

a2 

96 

5 78 

5 78 

902 105 . 

II. Recover%/ by Calculation of Ratio of Sioae of Standard Curves cf Absolute 
Peak Hgicjnts Versus Concentration 

Aspirin Sal icy1 ic Acid 

. 

. 

. . . . 
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S’..’ *.- . . . . .r . ,. . . . ’ 

.-- , i . 1 i . 9. 

Theoretical Concentration 
----Jz@ j 

L 
Table 3 

. . 
Assay Precision and Accuracy 

Aspirin 

0.4 

2.5 

6.5 

9.0 

4.0 

15.0 

25.0 

35.0 

Kean ExpWiZFntal Concentration 
&t/ml ) / 

0.4 8.4 

2.7 5.2 

Salicylic Acid 

6.4 1.3 

9.0 

3.5 

-16.8 

23.9 

35.3 

. 

. 

c. v. (z) 

1.3 

6.2 

2.9 

9.4 

6.3 

. . . ._ _. . _ -__ -, _. -. _. _ -. . . _ - .__ _ 
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