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THE INmahlcE OF TARLEI' DENSITY ON THE II" ORAL AEISXPTION OF 
SLBTAINED ACEl'AKUWPHEN WRM TABLETS 

Wantanee Phuapradit and Sanford mltan* 
St. John's University 
Jamaica, N.Y 11439 

Iav density bilayer marpressed matrix tablets of acetaminophen were 
tested for in v i t ro  dissolution and in vim oral absorption. The upper 
layer contained a a b c n  dioxiaeiJeneratiq blend and the l a w  layer 
amtained hydmqpmpyl methylcellulo6e (HFW) and a m - .  C!arlxm 
dioxide liberated t y  the action of the acidic dissolution d i m  on the 
upper layer is entrapped in the gelled hydrocolloid, providing b y a n c y  
of the tablet and sustained release of t& dnq. For maparative plrposes, 
similar but non-gas senerating bilayer a m p r e s d  m a t r i x  tablets were 
formulated and tested in vitm under the same conditions. These high 
density tablets were famd to yield similar dissolution profiles as the 
low density tablets. The absorption chamckristics of the bilayer cao- 

pressed matrix tablets were a m p r e d  w i t h  those of rapidly disintegrating 
acetaminophen tablets ("d* tablets, 500 ng) under fasted and fed 
anditions in six healthy subjects. Under fasted conditions, saliva 
profiles shrrwed a rapid absorption for "YLHd! tablets but slower absorp- 

tablets under fed conditions were similar to those for the fasted case. 

tian for both ampressed matrix tablets. Saliva profiles of TYLENOL 6 

In amtrast, the peak saliva levels of acetamainophen far both fmpmssd 

mtrix tablets were significantly increased under fed caditias. The 

time to maxirmm saliva ornowtraticms (-1 of all three dosage forms 
w a s  not significantly aifecked by food intake. Tf i e  relative bioavaila- 
bility of the law density tablets under fasted and fed caditicms w a s  

To whau inquiries shauld be directed. 
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1098 PHUAPRADIT AND BOLTON 

not signifiamtly different from t hxe  of -@tablets, kut was sig- 
nificantly greater than that of high density tablets under fasted and 
fed maditians. A passibility d s t s  that the amyaracY EedIaniSm enabled 
the tablet to maintain m x e  prolcnged residenre time in the gastrointes- 

tinal tract. 

A significant limitaticm to t h  biuavailability of oral controlled 
release drug delivery systam is gastrointestinal (GI) transit. The 

normal mvemmt of OOTiiRpltiaral oral dosage farms throtgfi variaus seg- 
ments of the GI tract lhdts the residency of d n q  delivery systems. 
The time for abrcsarpticm in theGI transit inlnamns, estimated tobe 
8 - 10 hr from nuuth to colon, is relatively hrief w i t h  mnsiderable 
fluctuation. 

A m&er of investigatms have attempted to increase the gastric 
residence tiE (-1 of dosage farns us- COIlceptLi su& as swlliq (11, 
flotation ( 2 4 )  and adhesim (5 ,6) .  sreth and Tossomu 'an (2,3) claimed 
that a float- system ccntainhq €I€W and drug acquires, u p a ~  amtact 

w i t h  gastric fluid, a bulk density of less than one due to the swell- 
of hydmaXLoids. It then remains hqant in the gastric fluid w i t h  a 
resultant plmged muever, using gamaa scintigmphy mvis et al. 
(7) demmstmw that both floating and nan-floating Sixgle-unit doEiage 

formsgenerallyhaveshart(;RTsunderfastedaxlditicns ( ( 2 - 1  but 
prolmged GRT ( 2 4  hr) under fed anditiarls. lmey ca-&cluded that the 
preseme of food, rather than l.lllayancy, is the mDst inpartan tdetermi - 
nant of Qm. 

Hydrophilic matrix tablets are becmung - pOpllarindrugtherapya.5 
a mans of extending the release characteristics of certain drugs. !h 
major disadvantage of these hydmphilic swellahle polymeric systems is 
that dnq release rate will CoyItjlnaUsly decrease with time (8,9). The 
man -1 intestinal transit time far apprmdrmtely 3 hr (10,ll). 
obviously the shorter the residence t h ,  the less time there is for the 
dissolution and absarpticm -. Variability in bioavailabilty auld 
be observed if the dnq is poorly M erratically absorbed fram the large 

intestine. 
In the present study, the influence of the density of the matrix on 

drug absarptim kinetics and bioavailability were investigated. HEW! was 

the hydmphilic polymer used to farm the matrix and a carbon dimdde 
generating blend (i.e., sodium bicarhanate and calcitm carbcmate) was 
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INFLUENCE OF TABLET DENSITY 1099 

incarporated to provide in vim amyancY of tablets in 0.1 N HCI. ~ceta-  

minophen was chosen as the drug for an in vim study far the following 
reasons: (i) it has law toxicity and a relatively shnrt biological half- 

life ( < 3  hr); (ii) it can be analytically deterrmned * easilyinsaliva; 
(iii) it is neither bound to saliw protein nor it is adsorbed onto the 
kuccal mumsa (12); and (iv) its concentrations in blood show a good cor- 
relation w i t h  those in saliva (13,141 - 

Ingredient Lou Density Matrix High Density Mtrix 
(LDM) (HOM) 

50.00 
10.00 
50.00 

0.55 
- 

250.00 
20.00 
60.00 
1.65 

- 
50.00 
60.00 
0.55 

250.00 
20.00 
60.00 
1.65 

Each matrix was c c q o e d  of two layers, layer A was prepared by dry 
m i x i q  and layer B was pmpared by uet granulation. The t w o  layers were 
coapressed 01 a Carver press tablettingmadcine at 5ooo Ibs to produce a 
-layered tablet. 

Dissolution - The in vitro dissolution behavior of t& tablets was 

d t o r e d  using a method based upon Ilsp rotating basloet apparatus (15). 
The drug vas assayed -idly at 242 ma. 0.1 N E l  vas used 
as a dissolution medium. 
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1100 PHUAPRADIT AND BOLTON 

Study Protocol - The s t q  was amducted in six healthy volunteers 
(age, 27 to 34 years; height, 5 to 6.2 ft; weight, 115 to 170 lb), vfio 

participated with infarmed cmsent. In 1 (fasted amdition) , the 
subjects received 500 ng of a- as UM, m, or 
tablets in a Sway aaeswer design. The tablets 
sitting position with 250 ml of water. subjects not moued 
to drink any coffee, tea, or tale any dcaticn d u r i q  t b  study. 'RFD 

burs law, an additional 100 ml of vater was takm. No food was per- 
mitted until 4 hr after dosins, at w h i c h  time a standard 1- was 
provided. In phase 2 (fed axidition), the subjects received the II]H, 

HDM, or -@ tablets in a 3-way cmssmer design after insegting 

a standad breakfast. 'pwo hours later, 100 ml of water was taken. No 
food was pennitted until 4 hr later. 

ingwted inthe 

Saliva sauples  (3 ml) were collected in glass vials hefore dosing 

and at the specified tim intervals up to 3Ohr. w e r e  kept frozen 
until assayed. 

Assay of Saliva -1es - After thawing, m i -  mes were azntri- 
f q z d  to remm insolubles. An -ate volume of sanple was extracted 
w i t h  ethyl acetate (3  x 6 ml). The clear supernatants wire d i n e d  and 
then mprated to dryness at 45E in a vacuum oven.  he residue of acet- 

amimpbm was reconstituted w i t h  2 m l  of a stodc soluticm amtaining 0.6 
q / m l  of sulfanilamide in phosphate hffer ,  @I 6.8. An aliquot was injected 

sphere (gls (dp 5 um). The mobile phase amsistbg of a 7 : 93 (v/v) mixbrre 
of aoetonitrile : 0.2 H mte buffer, pH 6.8 at a flov rate of 1.5 ml/ 

min. Detedicm w a s  carried out with a W-detectar adjusted at 242 nm. The 
a- amcentratian in the saaple was deterrmned ' using a mibra- 
tion cu~ve pmpared by plotting the ratio of the peak kight of acetamino- 
phen to peak height of the internal standard (sulfanilamide) versus arncen- 
tratirm of a-. 

directly on a 2!5-a~ x 4.- I.D. stable steel W l m  packed Vith Ultra- 

One of the tablet layers of UM tablet amtained a cz&xxi dioxide- 
generatiq blend and HPHC and the other layer cantah33 a ndxtm of a&- - and HPMJ. Expasme of the tablet to an acidic dissolution medium, 
generated car- didde which, qxm becormng - entraJqed in the hydrated 
layer of HpMc, pmvided the tablet w i t h  bucryancy. The tablet w a s  able to 
float permanently at the top of the rotat* basket w i t h i n  15 minutes. No 
separation between the tvo layers of both ZM and WM tablets was obseroed. 
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INFLUENCE OF TABLET DENSITY 1101 

0 2 4 6 8 10 12 
TIME IN HOURS 

 he 

acetaminophen was released. 
dissolution profiles of the LcM and HDM tablets in 0.1 N HC1, as shown in 
Figure 1. More than 95 % of acetaminophen was dissolved within 15 minutes 

U e t  remained intact and buoyant durirq the entire time that 
was no significant difference in the 

far the TYLmoL!! tablets. 
saliva cumentratim profiles of acetaminophen following ordl 

aduiinistratim of the three dosage forms under fasted and fed cunditions 
are shwn in Figures 2A and ZB, resp?ctively. Individual pharnacokinetic 
parameters under fasted and fed cunditians are given in Wles 1 and 2, 
respectively. 

Saliva levels of a- under fasted conditions indicated a 
rapid ahsorption for TYLEXU!! tablets as ueasmed by 'Max (mean 2 SD, 
0.7 2 0.2 hr) but reumrhhly slcl l l~er absorpticm for the IM and FIDM tablets 
(lhax, 3.0 2 2.0 hr and 3.5 + 1.0 hr, respectively). Under fed cmditions, 
wiva profiles for -!-wets = similar to 
case- In cmntrast, the IDM and HOM tablets had significant increases in 
Qmx under fed amditions (EB~. 2 SD, 2027 2 751 vefsu~ 4778 5 2022 rq/ml 

and 1467 2 579 versus 3378 2 1566 ns/ml, respectively). 

for the fasted 
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1106 PHUAPRADIT AND BOLTON 

The declining p h s e  of t h  miva anrcwtraticn curves in the fasted 
anditions sqges& a flip-flop -1, since the absorption rate amstant 
for the sustained release f m t i m  m y  be less than the elimlnaticn 
rate constant. Administration of d n x ~  w i t h  food appears to have increased 
the absorption rate constant. The saliva concentratim-tine curve reverts 
to the expect& pattern, w i t h  the declining phase repm3enting the elimi- 
Mtim of the drug. 

The pharplacokinetic parameters and r e su l t s  of tlx? statistical analysis 
are rrmmarized in W l e  3. The results indicate that the density of the 

matrix significantly influences the bioavailability of a-. It 
is possible that hanplete absorption ocaxred in the high density tablet 

because therevas insufficient time far all of the d n q  to be released frcm 
tke matrix. T k  lomr tablet density apparently enables the tablet to main- 
tain a nnre plaqed residen?e time in the GI tract, thus keeping the 
d n q  in contact w i t h  the abSarpti.cn area and maximizing d n q  absorption. 

A low density matrix tablet has been shcnn to imrease absorption 
relative to a high density matrix fonmhticn. Far same dnqs, tablet 
density may be an important factor in m a t r i x  formilatiam. 
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