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For the model tablets using mannitol and Avicel PH 101 as excipients, the
patterns of disintegration and dissolution from the differences of physical propert-
ies were investigated, It was found that the patterns in the dissolution and bi-
nding forces in the interaction of materials by estimates of solid-solid or liquid
surface free energy due to cohesive or adhesive properties of materials, and solid

surface free energy in binding forces of tablet should be considered as an importa-
nt factor in dissolution processes.

The compression of powerevd or granular material into a cohesive or adhesive mass
during the formation of tablet plays an important role in dissolution processes.'~®
However, the dissolution of a tablet immersed in a liquid appears to be essentially
a mechanical phenomenon; wetting, penetration of liquid, and then destruction of co-
mpressed structure. The structure and properties of tablets, such as chipping, lamin-
ation, and capping occur from the properties of its cohesive or adhesive of materials
used, while the differences of patterns ih the dissdlution énd rates in disintegration
of tablets are predicted. In general, tablets. manufactured from compression of powers
or granules may be explained by fhe usé df épring;déshpot models.*” On the other
hand, it is suggested that disintegration or dissolution of tablets may occur by the
breaking from the weak parts either spring or dashpot amid models. However, this
may be classified into the following 4 cases;
1) weak adhesive materials with strong cohesive materials.
2) strong adhesive materials with weak cohesive materials.
3) strong adhesive materials with strong cohesive materials.

4) weak adhesive materials with weak cohesive materials
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In this point of view, this report presents its patterns in the dissolution and binding
forces in the interaction of materials by estimates of solid-solid or liquid surface free
energy from contact angle according to cohegive or adhesive properties of materials,

and solid surface free energy in binding forces of tablet should be considered as an

important factor in dissolution processes.

Experimental

Experimental Formulation—Formula (A) is composed of 12g of phenobarbital, 87g
‘of Avicel PH 101 and 1g of magnesium stéarate, and formula(B) is composed of 12g of
phenobarbital, 87g of mannitol and 1g of magnesium stearate. All materials used are
pharmaceutical grade. Tablets are manufactured by compressing at 75 or 100MPa with
machine speed of 4,101 rad/sec.®

Disintegratioh Test—Disintegration is performed in 900m! of water at 37%2° accor-
ding to USP XX.

Dissolution Test—Dissolution is performed in 900m! of acetate butter (pH 4.75)
consisting of 0.005M sodium acetate solution and 0.005M acetic aeid and at 50 rpm by
the paddle method in USP XX.

Assay®—Accurately take 5.0ml/ of sample solution at appropriate intervals. Place
5.0m! of each sample solution and 5.0m/ of 0.1M borate buffer (pH 9.5) in 25 or 50m!
volumetric flask. Then add water to volume. Measure the absorbances of solutions in
lcm cell at 240nm against the blank, in comparison of a standard solution having a

known concentration of phenobarbital reference standard.

Results and Discussion

The meaning of “Broken” in tablet includes the phenomena in tableting processes
such as chipping, lamination and capping, and destruction. in disintegration and/or
dissolution processes. Recently many studies about the causes of these phenomena in
tableting have been reported by use of Maxwell fluid and Kelvin solid basic models.
%9 If a material may be bonded by certain forces such as dipole-dipole interaction,
dipole-hydrogen bond interaction and van der Waal's forces etc., the state of various
binding forces can be expressed by using the spring-dashpot models.

The phenomena of chipping, lamination and capping can be assumed to occur by

breaking of certain weakest part of spring-dashpot amid model. After tableting, first



June, 1985

& A % 3 A

47

Disintegration time (sec.)

of tablets containing Avicel

Figure 1—Effect of punch pressure on disintegration of tablets.
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Figure 2--Dissolution of formula (A) at pH 4.75
Key : Q, 75MPa; &, 100MPa
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of all, the wetting of tablet occurs in the dissolution process, and the wetting and
penetration in tablet depend on the characteristics of materials, forces added, and for-
mulation etc. And the tablet is destructed completely through disintegration and disso-
lution process, ®~1?

The destruction of tablet in the solution can be suggested to occur by the following
three cases;

1) Dissolution processes after disintegrating

2) Dissolving process of the active ingredient from surface of tablet without disin-
tegrating.

3) Dissolving and disintegrating process of tablet at the same time. At this point of
view, to illustrate the disintegration and dissolution phenomena, formula (A) using the
hydrophillic mannitol as a filler and formula (B) using Avicel PH 101 as a disintegr-
ating agent are formulated. ” |

Effect of Punch Pressure on Disintegration of Tablet!’'*—Tablets using mann-
itol and Avicel PH 101 which have different physical properties each other are made
by various punch pressure. Observation of disintegration curves shows the linear rela-
ionship between disintegrating time and punch pressure, and only change of disinte-
gration time according to formulas (Fig 1).

Dissolution Pattern—In the case of formula (A), comparing with the dissolution
curves, tablet is disintegrated and dissolved simultaneously',x independent of tableting
pressure. The relationship between time and dissolved amount of active ingredient from
tablet is shown in Fig.2 and these tablets are dissolved about 90% within 15 minutes
and dissolved completely within 30 minutes.

In the case of formula (B) mannitol mass is wetted, penetrated and dissolved, and
then phenobarbital of the active ingredient starts to release slowly after mannitol masg
is almost dissolved.

As shown in Fig,3, about 50% of active ingredient in these tablets is dissolved for
4 to 5 hours and the rest amount in these tablets is dissolved Within 1 hour.

Generally, the phenomsena like this may depend on the chara@eristics of wetting and
penetration of tablet. Therefore, it can be suggested that varioi';s dissolution patterns
come from the interaction of the interfacial free energy, surface tension, the contact
angles of materials and the relationship between the adhesive and the cohesive forces

of materials,

Considering the phenomenon in formula (B) in' the theorstical éspects gives foll-
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Figure 3—Dissolution of formula (B) at pH 4.75
Key : O, 75MPa; &, 100MPa

ows, 1417
Comparing with adhesive forces between water/phenobarbital and water/mannitol,
more hydrophillic mannitol mass is wetted faster than phenobarbital mass. Therefore,
adhesive forces of water/phenobarbital (s,) are smaller than those of water/mannitol-
(sz). Comparing cohesive forces between phenobarbital /phenobarbital with adhesive
forces between phenobarbital “mannitol, in order that mannitol mass is wetted and
dissolved faster than phenobarbital mass, cohesive forces of phenobarbital must be
larger than adhesive forces of phenobarbital/mannitol. According to Dupre equation'®,
the work of adhesion, Wgq,w is given by; Wo,w=7r0,at7w, a—T0.w
and the work of cohesion, Wg, 4, is given by; Wo,w=270,4. Where subscripts Oy As W
and 7 refer to oil, air, water and surface free energy, respectively. Substituting oil
and water for solid 1 (s,)and solid 2 (s;) respectively gives;
WSt/ S2 =TS0 A+ TS0/ A—TS1/Ss *eeereesesresonsersssassesaasuessesasinannnas 1)
W51/A=23’Sx/A ..................................................................... (2)
Spreading coefficient, S, is given by;

Ss.‘,/sl=752/A._75VA_.73”32 ............................................. veaees (3)
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Figure 4—Dissolution profiles of tablets
From equation (1) and (38),
Wis1/52=Og0,/81F 21/ 40 +reesseessersensessesanicosenns et servaevesnanencecs(4)
(or Wy, 5,=Ss1/52+2752,0)
Rearranging equation (4) results in;
Sst/51= Wt/ 320 s1s4 ~+osersesssessssareene cvssesnesnisrisienrsnsninenns 0’
In the case of formula (B), comparing with spreading coefficients of S; and S,, spr-
eading coefficient of water/mannitol is larger than that of water/phenobarbital.
(Swaterss1=Ws1/water— 2151, 4<Swaters52= Wssswater— 21 52,8)
Therefore, rearranging above equation results in;
Wi uwater— Wsaswater K251/ a=Ts2/a)  wovoeesessesssssssnsssssinionane (5)
From equation (1) and (2), since cohesive forces of phenobarbital/phenobarbital are
larger than those of mannitol/mannitol, the following equation can be obtained;
TSI A TS2/A=TS1/5g *+oreerersssasanense Ceerssessesessreninanassniaraases seeesse(6)

While, combination of spreading coefficient of liquid (1) on a solid and adhesive
forces gives the following equation;

Ws,r=rr,4(C08 0—1)+271,4

The adhesive forces of phenobarbital/water '(sl,wm,) and mannitol/water (ss/water)
by above equation are given by;
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WS;/water=Twaler/A(cos 01—1)+27water/A .............................. (7)
Ws;xwmr=7wazer/A(COS0§-1)+27’water/A .............................. @
Taking Ws,, warer a0d Wss, parer from equaion (7) and (7)’ respectively, and rear-
ranging equation (5) gives equation (8).
Twatersa (€08 0.—1) —Twatersa(CO8 0,—1) <2(VYsi a—7s52/4) = (8
From equation (6) and (8),
Twater, 4(C08 0, =1) ~Twater,4(608 8, =1)<2(ys1,a—7s1,a) <2¥si,s: and rearranging res-
ults in;
Twater, 4(CO8 0,—c0s 0,) <2(rsi a—7s2,a) <2rsis: Hence, the following equations are

obtained;

TSI A—TS2 A TSI Sa *Heerrrrertessereses i et ettt (9)
Twarersa(COS B, —~COS 8,)/2<C g1 gs *orererrrressessenememmmmmmnieiniiionn (10)

It means that we can approximately calculate the surface free energy with the cont-
act angle of two materials and we can find that the differences between the surface
free energies of each material are smaller than those of materials in contact with each
other.

The contact angle of phenobarbital (4,) is 70° and that of mannitol is 0° approxima-
tely (more hydfophillic), and then the surface tension of water is 71.8 dyne/cm®.

Calculating from equation (10) gives that 7s,,s. is smaller than 23.62 dyne/cm?

In the case of formula (B), Adhesive forces of water/phenobarbital (5,) are smaller
than those of water/Avicel(s,).

(Ws1 water— Wz water <2(¥s1,4—7s2.,4)

Cohesive forces of phenobarbital/phenobarbital are much smaller than adhesive forces
of phenobarbital/Avicel.

(r51,4<Ts2,a=Ts1/52)

Combination of the above mentioned equation gives;

Wi water—Wsa water <2(¥s1,a=Ts2,8) < —2Ts1ss8

Hence, we can get the following equation;

TS0/ A= TSI/ AL  TS1/ St nsrererreneresesestosestiioretretsoraserneanrirecsnrosnes (11

Twaters ALCOS 0,~COS 6,) /275,52 w+orreeeserreoncasmasisiiniinicinnens (12)
It means that we can approximately calculate the surface free energy with the cont-
act angle of two materials and we can find that the difference between the surf-
ace free energy of each material is much larger than that of materials in contact with

each other.
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Since the contact angle of Avicel PH 101'®, 6, is 17°, we can find that rs,/s. is
smaller than 22.04 dyne/cm?. It means that the surface free energy between phenoba-

rhital and Avicel is smaller than 22.04 dyne/cm?® and the difference between the surface

free energy of the materials in contact with each other is larger than the interfacial

free energy.
Conclusively, more than two dissolution patterns may be suggested as follows:

The adhesive forces of water/solid; are smaller than those of water/solid,. If cohesive
forces of solid,/solid,, are smaller than adhesive forces of solid,/solid;, the curve C can

be expected, and if larger, the curve D can be expected, as shown in Fig. 4.
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