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The migration of riboflavin sodium phosphate (RSP) upon
drying of its wet granules was studied through the formulation of
granules using different diluents (lactose monohydrate and
anhydrous dibasic calcium phosphate), different binders of
different concentrations; polyvinyl pyrrolidone (PVP k25),
methylcellulose (MC), hydroxypropylmethyl cellulose (HPMC) and
gelatin at different drying temperatures (50°C and 70°C). The
prepared granules were compressed into tablets and evaluated. In
vitro drug release from the formulated tablets was performed. In
addition, in vivo study was conducted on some selected tablet
batches. The results showed that, the granules prepared with
dibasic calcium phosphate showed lower migration for the drug
than those prepared with lactose. Also, drug migration decreased
with increasing the binder concentration and viscosity. The degree
of tablet mottling was inversely proportional to the binder
concentration. Tablets prepared with 10% w/w gelatin were found
to be the least mottled ones. In addition, they showed the least
friability percentage, the highest hardness value and the highest
disintegration time. Tablets prepared with 0.5% MC showed the
highest dissolution rate, however, those prepared with 10% gelatin
had the lowest dissolution rate. Generally, increasing the binder
concentration resulted in slowing the in vitro drug release from
tablets. The in vivo study showed that, tablets prepared with 10%
w/w gelatin showed the lowest excretion rate and the highest Tmax

(1.5 hours). Meanwhile, tablets prepared using 0.5% w/w MC
exhibited higher excretion rate and Tmax of 0.5 hour.
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INTRODUCTION

Compressed tablets are one of the
most widely used dosage forms for
the administration of orally effective
therapeutic agents. They must be
uniform in weight and in drug content
of the individual tablet. Also, they
must be elegant in appearance and
must have the characteristic shape,
color, necessary to identify the
product. Owing to their wide-ranging
physicochemical and mechanical
properties, pharmaceutical powders
and their blends frequently exhibit
poor flow and compaction behavior1.
Thus, an intermediate step, granu-
lation is usually required in solid dose
manufacture to produce a free-
flowing material with good com-
pression characteristics. Wet granu-
lation has been, and continues to be,
the most widely used agglomeration
process2. But migration of soluble,
low-dosage, highly potent drugs or of
colored additives upon drying of the
wet granules may represent a serious
problem. This problem is the
movement of the solutes from granule
to granule, upon drying, which may
result in gross maldistribution of the
active drug or the colored additive.
As a result, excessive dose variation
may occur within the same batch of
tablets. Also, the migration of the
color may give rise to a tablet with a
mottled appearance.

The main target of this work, is to
prepare riboflavin sodium phosphate
granules, using various diluents,
binders, and drying temperatures.
Studying the effect of these variables
on the extent of riboflavin sodium

phosphate migration upon drying of
its wet granules is also of our interest.
In addition, the dried granules will be
prepared in tablets form, in order to
study the effect of drug migration on
the physical properties of these
tablets. In vivo evaluation of the
prepared tablets will also, be
investigated.

EXPERIMENTAL

Materials
Riboflavin sodium phosphate

(Certa, Belgium). Lactose mono-
hydrate, gelatin, H2O2 (30%), and
absolute ethanol (Adwic, EL-Nasr
Pharmaceutical chemicals Co., Cairo,
Egypt). Calcium phosphate anhydrous
and Talc (El Gomhouria Co. Egypt).
Polyvinyl pyrrolidone (PVP k25),
methyl cellulose, and hydroxypropyl
methyl cellulose (Memphis Pharm.
Co. Egypt). Benzyl alcohol (Rayasan
Chemicals, India).

Equipment
USP standard sieves, Hot air

ovens (Heraeus GS model B 5042,
Gering model SPA-Gelman, Instru-
ment No. 16414, Germany). U.V.
spectrophotometer (Jasco, V-530,
Japan). Rotary viscometer (Haake
Inc., Germany). MSE Minor
Centrifuge (MSE scientific instru-
ments, Manor Royal, Crawley
RH/0200 sussex, England). Single
punch tablet machine, tablet hardness
tester, Roche friabilator, tablet
dissolution test apparatus USP I, and
USP disintegration apparatus
(Erweka-Apparatebau, G.m.b.H.,
Germany). Micrometer (Mitutoyo
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Corporation, Japan). thermostatically
controlled shaking water bath (Grant
instrument Cambridge Ltd., Barring-
ton Cambridge (B2, 5002, England).
Luminescence spectrofluorometer
(Perkin-Elmer model LS 45,
Germany).

Methodology

Effect of binder type and major
diluent on riboflavin sodium
phosphate migration during drying
of tablet granules

Preparation of different binder
solutions and determination of
their viscosity

Four types of aqueous binder
solutions in different concentrations
were prepared.  These binders  are;

PVP k25 (5, 10, and 15% w/w), MC
(0.5, 1, and 1.5% w/w), HPMC (0.5,
1, and 1.5% w/w) and gelatin (2.5, 5,
and 10% w/w).

The viscosity values of the
prepared binder solutions were
determined using rotary viscometer
which was thermostatically controlled
at 30°C ± 0.5°C.

Preparation of riboflavin sodium
phosphate wet granules

Migration of RSP was studied
through the preparation of RSP-
containing granules using different
diluents, binders and drying tem-
peratures. Two formulations were
prepared; formula L and formula C.
Their constituents are illustrated in
Table (1)

Table 1: Composition of various formulations of granules containing riboflavin
sodium phosphate.

Formula Ingredient
Quantity per 500 mg of

granules (weight of one tablet)
RSP 2 mg
Lactose monohydrate 483 mg(L)
Binder solution q.s.
RSP 2 mg
Anhydrous calcium
phosphate

483 mg(C)

Binder solution q.s.



197

For each batch, the calculated
amount of the drug was mixed
geometrically with the major diluent
(lactose monohydrate, in case of
formula L), or (anhydrous calcium
phosphate, in case of formula C).
Sufficient quantity of the prepared
binder solution was then used for wet
massing of the mixed powders. The
wet mass was kneaded for 10 min.
until homogenous colored material
was obtained. Wet screening was
accomplished by passing the wet
granulated mass through a 2 mm
sieve (mesh number 10). A control
experiment was performed for both
lactose and calcium phosphate by
applying the same procedure but with
the granulating fluid being water
only.

Drying of riboflavin sodium
phosphate wet granules

For each batch, the wet granules
were divided into two equal portions
and placed in two similar drying cells.
One cell was dried at 50°C and the
other was dried at 70°C in two drying
ovens for 24 hours.

Drying cell
Riboflavin sodium phosphate wet

granules were dried in a special
drying cell consisting of four
concentric rings to facilitate the
determination of RSP concentrations
at various depths through the
granulation bed. The height of each
layer is 0.5 cm with a total height of 2
cm. The cell is open on both sides of
the cylinder formed by the layers; the

opening was 7.9 cm in diameter
(Figure 1).

(a)

(b)

Fig. 1: The drying cell employed for
drying of wet granules.

a- Assembled drying cell.
b- Partially disassembled drying
cell.

When used for migration studies,
the drying cell was placed on a drying
oven tray lined with a paper. The
granulation in the bottom layer was
exposed to the paper during the
drying process. The wetted granules,
after being wet sieved, was filled into
the drying cell with a spatula.
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Determination of RSP concentra-
tion in different layers of the
granules
Sampling procedure

After drying, the top ring of the
drying cell was carefully removed.
Then, the top layer of the dried bed
was removed by a flat blade, mixed
thoroughly, and sampled for deter-
mination of drug concentration. Three
portions, weighing 100 mg each, were
accurately weighed from the top layer
of the dried bed and used for
subsequent drug concentration deter-
mination. The procedure was repeated
for the core layers (second, and third
layers), and for the bottom layer also.

RSP assay method
i) For lactose granules (formula L)

Each sample was dissolved in 25
ml of distilled water. The solutions
were protected from light to avoid
drug degradation. The absorbances of
the dissolved samples were measured
at the predetermined λmax (266 nm),
using distilled water as a blank. The
quantity of RSP, in each layer, was
determined and the percentage of
drug in each layer was calculated.
ii) For calcium phosphate granules
(formula C)

Each sample was shaken with 25
ml of distilled water. The mixtures
were then filtered through 0.45 µm
millipore filter, and the concentration
of RSP in the filtered samples was
measured at 266 nm using distilled
water as a blank. The quantity of
RSP, in each layer, was determined
and the percentage of drug in each
layer was calculated.

The same procedure was used for
determining the drug percentages in
the different layers for the control
experiments.

Data treatment
To specify the extent to which the

drug migrated with a numerical value,
the concept of a coefficient of
migration was employed. It was
developed by Warren and Price,
(1977 a)3. Since there are four layers
in the drying cell, there can be six
layer comparison classifications, i.e.,
a comparative difference, sign ignor-
ed, of the average assay values of
layer 1 to layer 2, layer 1 to layer 3,
layer 1 to layer 4, layer 2 to layer 3,
layer 2 to layer 4, and layer 3 to layer
4. These layer differences were
determined relative to the amount of
drug recovered and potentially
present in any two layers. In general,
then, the equation for calculating the
comparative difference (D) between
two layers (j and j΄) is:

N
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j j

jj

jj ∑ −

−

−
=
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Where; Lj represents the average of
three assay values in a given layer.
Lj´ is the average assay value in
another layer.
ΣN

j=1 Lj is the sum of the average
assay values for N layers.
N is the number of layers in the
drying cell.
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It is postulated that, the drug
percent of the most divergent system
using an open drying cell after drying
can be represented as 200%, 0%, 0%,
and 200% for layers: 1 (upper layer),
2 (second layer), 3 (third layer), and 4
(base layer), respectively, where the
drug has migrated from the two
intermediate inner layers (second and
third layers) to the two exposed
evaporating surfaces (upper and base
layers). Using this equation, the
classification differences would be:
D1-2 = (200-0)/200 =1, D1-3 = (200-0)
/200 =1, D1-4 = (200-200)/200 = 0,
D2-3 = (0-0)/200 =0, D2-4 = (0-200)
/200 =1, D3-4 = (0-200)/200 =1, and
total = 4. So, the coefficient of
migration is 4/4 = 1.

 On the other hand, the most
uniform system in a migration study
using an open drying cell after drying
can be represented as layer 1 = layer 2
= layer 3 = layer 4 = 100%. Using the
same equation, the classification
differences would be zero in all cases

and the coefficient of migration
would be 0/4 = 0.

 It follows that, as the coefficient
approaches one, the extent of
migration is greater; as the coefficient
approaches zero, the extent of
migration is less.

Statistical analysis of data
Spearman's rank correlation

method was used to determine the
correlation, if any, exists between the
extent of RSP migration and the
increase in the binder solution
viscosity4.

Preparation of RSP tablets
From formula (L), for each binder;

the formulations showing the highest
and the lowest coefficient of
migration, were chosen for sub-
sequent compression into tablets. The
four layers of each granulation bed
were mixed thoroughly before
compression. Thus, the prepared
formulations are shown in Table (2).

Table 2: RSP tablet batches made using various binder concentrations.

Lactose granulation specifications
Formula

Type and concentration
of binder (w/w)

Temperature of drying
(°C)

Migration
coefficient

P1 5 % PVP 50 0.67
P2 15 % PVP 70 0.198
M1 0.5 % MC 50 0.423

M2 1.5 % MC 70 0.089

H1 0.5 % HPMC 50 0.525
H2 1.5 % HPMC 70 0.265
G1 2.5 % gelatin 50 0.467
G2 10 % gelatin 70 0.004
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The mixed components of each
formula were compressed into tablets
using a single-punch tablet machine
(12 mm diameter). The tablet weight
was adjusted to be 500 mg. Tablets
were visually inspected for mottling
and evaluated for; uniformity of
weight, drug content, uniformity of
thickness, friability using Roche
friabilator at 25 r.p.m, for 4 minutes,
hardness using Erweka hardness
tester and disintegration time (USP
procedures were used).

 In vitro release study
Drug release from the prepared

tablets was performed using tablet
dissolution apparatus USP I at 50
rpm. The dissolution medium was
100 ml of distilled water, maintained
thermostatically at 37±0.5°C. Ali-
quots of one ml were withdrawn,
filtered through millipore filter (0.45
µm), then, diluted with the dissolution
medium which is replaced with the
same volume of fresh medium to
maintain it constant. The released
amounts of RSP from each formula
were analyzed spectrophotometrically
at 266 nm using distilled water as a
blank. The experiments were done in
triplicates and the mean was
calculated.

 In vivo evaluation
Tablets prepared with 0.5% w/w

MC (batch M1) and those prepared
with 10% w/w gelatin (batch G2),
were chosen for the in vivo study,
since they showed the lowest and the
highest in vitro dissolution rate, res-

pectively. A control batch (identical
batch but with no binder) was used
for comparison. Six healthy male
volunteers were selected for the
study. The level of riboflavin in urine
was measured after administration of
two tablets, (2 mg RSP in each), by
using a spectrofluorimetric
method5&6.

Analysis of urine samples
The level of riboflavin into urine

was measured by using a
spectrofluorimetric method. In this
work, the excitation and emission
wavelengths were found to be 445
and 520 nm, respectively.

Four ml of urine were introduced
into a centrifugation tube and 0.4 ml
acetic acid buffer of pH 3.5 was
added. The oxidation was started by
the addition of 1 ml of KMnO4

solution (4%, w/v). After 1 min, the
excess of KMnO4 was reduced by
addition of 0.1 ml of H2O2 solution
(30%). The residue was then
extracted by the addition of 4 g of
ammonium sulphate and 3 ml of
benzyl alcohol saturated with water.
The tubes were shaken for 3 min and
then centrifuged at 3000 rpm for 5
min. One ml of the supernatant was
taken and diluted with 7 ml of a
solution containing 45% (v/v) of
ethanol in a solution of acetic acid
and sodium acetate with a
concentration of 0.1 N of each6. The
samples were then measured spectro-
fluorimetrically at excitation and
emission wavelengths of 445 nm and
520 nm, respectively.
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Pharmacokinetic analysis
The prepared batches were

compared in terms of urinary
recovery of riboflavin during the first
24 hr after administration, maximum
urinary excretion rate (R max), and the
time (Tmax) required to reach Rmax. All
parameters were determined from the
individual urinary excretion rate–time
curves, a plot of urinary excretion rate
against the mid-point of urine
collection interval.

RESULTS AND DISCUSSION

The viscosity values for the
prepared binder solutions are
illustrated in Table (3). Following wet
granulation and drying of the two
formulations (L and C) containing
RSP, it was found that, the granules
were no longer uniform as to RSP
content. Migration of the drug
substance had occurred during drying.

Table 3: The viscosity values of
binder solutions in different
concentrations.

Binder
type

Binder concentration
(% w/w)

Viscosity
(mPa.s)

5 6.44
10 11.5PVP
15 17.44
0.5 15.6
1 24.9MC

1.5 69.8
0.5 16.1
1 35.7HPMC

1.5 72.5
2.5 10.5
5 13.9Gelatin

10 66.55

RSP, being water soluble, followed
the solvent as it moved upward and
downward during the drying period.
Higher concentrations of the drug
were found in the outer layers, with a
reduced amount toward the center as
compared with the initial blended
material.

Table (4) shows that, for a specific
binder, the values of migration
coefficient had a descending order, on
increasing the binder solution
concentration or viscosity. For
formula (L), dried at 50°C, the values
of migration coefficient were 0.67,
0.418 and 0.291 for granules prepared
with 5, 10 and 15% w/w PVP,
respectively. For MC, the values of
migration coefficient were 0.423,
0.265 and 0.188 for granules prepared
with 0.5, 1 and 1.5% w/w MC,
respectively. For HPMC, the values
of migration coefficient were 0.525,
0.375 and 0.275 for granules prepared
with 0.5, 1 and 1.5% w/w HPMC,
respectively. While for gelatin, the
values of migration coefficient were
found to be 0.467, 0.098 and 0.008
for granules prepared with 2.5, 5 and
10% w/w gelatin, respectively.

So, there is an obvious decrease in
the values of the coefficient of
migration with increasing the binder
concentration and hence viscosity.
These results are in agreement with
that reported by Warren and Price,
(1977 b)4, who proved that, drug
migration decreased with increased
binder solution viscosity, where
increasing the concentration and
therefore, the viscosity of PVP
solution has been shown to slow the
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migration of propoxyphene hydro-
chloride in fixed bed of wet granules.
This also was proved by Kiekens et
al., (1999)7, who conclud-ed that, the
intragranular migration decreased as
the granulating liquid viscosity of
povidone increased. The viscosity of
granulating fluids im-pedes the
movement of moisture by increasing
the fluid friction8.

Spearman's rank correlation
method was used to determine if a
correlation exists between the extent
of RSP migration and increasing the
binder solution viscosity. The values
of r were; - 0.7198, - 0.6264, - 0.6758
and - 0.7363 for formula L (dried at
50ºC), Formula L (dried at 70ºC),
formula C (dried at 50ºC) and
formula C (dried at 70ºC), respec-
tively, which are considered signifi-
cantly different than zero. (When r
value approaches 1, whatever the
sign, there is a good correlation

 between the two studied variables.
While, in case of r value equals zero,
there is no correlation.). A significant
negative correlation indicates that,
there was an inverse relationship
between the extent of RSP migration
and increasing the binder solution
viscosity.

Table (4) reveals that, the
migration coefficient and hence the
migration of the drug at 70°C is less
than its analogue obtained at 50°C.

Newitt & Papadopoulos, (1959)9

and Pietsch & Rumpf, (1966)10

postulated that, solute migration on
drying is reduced as the drying
temperature is raised. They suggested
that, at high temperatures, the flow of
liquid through the granule cannot
maintain the  higher  rate of drying at
periphery and evaporation takes place
from progressively further inside the
granule. Travers, (1975)11 stated that,

Table 4: Migration coefficient of RSP using various binders and diluents from
granules dried at different temperatures.

Lactose (L) Calcium phosphate (C) Binder type and
conc. (%w/w) 50°C 70°C 50°C 70°C

PVP
5

10
15

0.67
0.418
0.291

0.597
0.337
0.198

0.475
0.287
0.207

0.425
0.282
0.143

MC
0.5
1

1.5

0.423
0.265
0.188

0.286
0.227
0.089

0.177
0.088
0.046

0.119
0.089
0.024

HPMC
0.5
1

1.5

0.525
0.375
0.275

0.439
0.336
0.265

0.253
0.191
0.132

0.203
0.172
0.025

Gelatin
2.5
5

10

0.467
0.098
0.008

0.335
0.076
0.004

0.133
0.051
0.008

0.11
0.043

0.0
Water 0.765 0.57 0.602 0.434
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solute migration is likely to be
greatest when the evaporation rate is
fairly slow at low rates of heat
transfer. While, at higher rates, fluid
friction will act to retard the moisture
movement so that, the granule surface
becomes dry at a stage when less
overall movement has taken place.

To investigate the effect of the
type of major diluent, it is observed
from Table (4) that, formula C has a
lower coefficient of migration than
formula L, i.e. calcium phosphate
shows lower migration for RSP than
lactose. These results are in
agreement with those obtained by
Chaudry and King (1972)12, who
assumed that, calcium phosphate had
more drug migration inhibitory
characteristics than both lactose and
calcium sulphate. Also, Stewart et al.,
(1979)13 reported the adsorption of
riboflavin onto water insoluble
diluents, including Emcompress
(dibasic calcium phosphate). The
adsorption of riboflavin onto the
surface of Emcompress molecules,
may account for the retardation of its
migration to the surface of the
granulation bed during drying, and
hence, lower values of migration
coefficient.

Tablet evaluation
Visual inspection of the prepared
tablets

Figures (2-5) show different
batches of the prepared tablets,
exhibiting different degrees of
mottling. From Figure (2), it can be
observed that, tablets prepared from
the granules made with 5% PVP

(batch P1), exhibit high degree of
mottling, while tablets prepared from
the granules made with 15% PVP
(batch P2), are somewhat more
uniform in color. Figure (3) shows
that, tablets prepared from the
granules made with 0.5% MC (batch
M1), exhibit high degree of mottling.
On the other hand, those prepared
from the granules made with 1.5%
MC (batch M2), are more uniform in
color. Figure (4) reveals mottling for
batches H1 and H2, (tablets prepared
from the granules made with 0.5 and
1.5% HPMC, respectively). Also,
Figure (5) shows mottling in tablets
prepared from the granules made with
2.5% gelatin (batch G1), while those
prepared from the granules made with
10% gelatin (batch G2) are found to
be the most homogenously colored
ones. Thus, the migration is very clear
with the less viscous binder solutions
(5% PVP, 0.5% MC, 0.5% HPMC,
and 2.5% gelatin), and so contributes
for the mottled appearance of the
prepared tablets, as observed in
batches: P1, M1, H1, and G1. For the
higher concentrations of the same
binders, it could be observed that,
more uniformly colored tablets were
obtained. This means that, a more
uniform distribution for the drug was
obtained upon increasing the binder
concentration. This is due to the
increase in the viscosity of the binder
solutions which in turn, retarded the
inter-granular migration of the
colored drug into the surface of the
granulation bed and thus reduced
mottling.
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(a)

(b)
Fig. 2: RSP tablets prepared with PVP

K25 binder
a-From granules made with concen-

tration 5 % w/w (batch P1).
b-From granules made with concen-

tration 15 % w/w (batch P2).

(a)

(b)

Fig. 3: RSP tablets prepared with MC
binder

a-From granules made with
concentration 0.5 % w/w (batch
M1).

b-From granules made with
concentration 1.5 % w/w (batch
M2).

(a)

(b)
Fig. 4: RSP tablets prepared with

HPMC binder
a-From granules made with concen-

tration 0.5 % w/w (batch H1).
b- From granules made with concen-

tration 1.5 % w/w (batch H2).

(a)

(b)
Fig. 5: RSP tablets prepared with

gelatin binder
a-From granules made with

concentration 2.5 % w/w (batch
G1).

b-From granules made with
concentration 10 % w/w (batch
G2).
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Uniformity of weight and thickness
Table (5) reveals that, all the

batches of the prepared RSP tablets
showing a good uniformity of weight
and thickness.

Friability
From the same Table, it could be

observed that, batches P2, and G2
comply with the USP XXVII
requirements for the friability (% loss
does not exceed 1%). Also, it could
be observed that, for PVP batches, the
percentages of friability were 1.2%
and 0.923% for batches of tablets P1,
P2 respectively. Thus, increasing the
binder concentration from 5% w/w
(batch P1) to 15% w/w (batch P2),
led to a decrease in friability
percentage. These results are in
agreement with that obtained by El-
Sabbagh et al., (1981a)14, who found
that, the increase in the concentration
of a specific binder produces more
strong granules which on compre-
ssion, produces tablets of greatest

hardness, lowest friability percen-
tages, and highest disintegration time.

However in case of MC, both
batches M1 and M2, did not comply
with the USP XXVII requirements for
the percent friability since the values
were > 1% (2.9% and 1.8% for
batches M1 and M2, respectively).

Table (5) shows that, the same
pattern was obtained for HPMC, with
a value of 2.1% and 1.1% for batches
H1 and H2, respectively.

In the case of gelatin binder
solution, Table (5) shows that, 2.5%
w/w concentration produced tablets
of 1.93 percent friability (batch G1).
On increasing gelatin concentration to
10% w/w, the percent friability was
decreased to 0.871% (batch G2).

Hardness
For all binders, the hardness

values were increased with the
increase in binder concentration, as
illustrated in Table (5).

Table 5: Physical properties of riboflavin sodium phosphate tablets, prepared
with different concentrations of binders.

Formula
Weight

(mg)
Mean ± SD

Thickness
(mm)

 Mean ± SD

%
Friability

Hardness
(Kg)

Mean ± SD

Disintegration
time (min.)

Dissolution
rate (T90)

(min.)

P1 496 ± 2.00 2.998 ± 0.021 1.2 5.56 ± 0.625 2.6 10

P2 501.6 ± 1.89 3.036 ± 0.009 0.923 7.93 ±1.1 7.7 15.5
M1 498 ± 2.05 3.034 ± 0.015 2.9 4.5 ± 0.866 1.68 9

M2 498.2 ± 2.2 3.02 ± 0.012 1.8 5.44 ± 0.987 3.9 17

H1 500.2 ± 2.44 3.046 ± 0.011 2.1 4.8 ± 0.629 2.34 8.5
H2 499.9 ± 2.02 3.044 ± 0.011 1.1 6.3 ± 1.02 10.55 37

G1 499 ± 2.28 3.04 ± 0.007 1.93 5.75 ± 0.762 4.07 40

G2 499.6 ± 2.36 3.036 ± 0.019 0.871 7.95 ± 1.2 25 170
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Batch M1, (made with 0.5% w/w
MC), produced tablets with the
lowest hardness values while batch
G2, (made with 10% w/w gelatin),
produced the highest values within all
batches. The high hardness values
obtained with gelatin corresponds
with its known property of producing
hard tablets, as stated by Healy et al.,
(1974)15. The hardness results were
parallel and confirm those of
friability, i.e. as the hardness increas-
ed, the percent of friability decreased
and vice versa. Also, these results
were in agreement with those
obtained by El- Sabbagh et al.,
(1981b)16.

Disintegration
From Table (5), it could be

observed that, all batches comply
with the USP XXVII requirements for
disintegration time in distilled water.
Increasing the binder concentration is
followed by an increase in the
disintegration time.

Esezobo and Pilpel, (1976 &
1977)17&18 confirmed these results.
Also, Davies and Gloor, (1972)19

observed an increase in disintegration
time of lactose  tablets prepared with

higher concentrations of binding
agents and they attributed this to the
increased binding capacity of these
granulating agents at higher
concentrations.

Uniformity of drug content
Table (6) reveals that, the range of

assay values was the widest in case of
batch M1 (which exhibited a
considerable drug migration). On the
other hand, batch G2 (which
exhibited the least drug migration),
showed a narrow range of assay
values. The high range of assay
values may indicate that, the drug is
less homogeneously distributed in this
batch, and vice versa.

Warren and Price (1977b)4,
proved that, the formula granulated
with binder solution of viscosity 3 cps
(formula exhibiting considerable drug
migration), had an average assay
values of 88.1-102.6% of the
theoretical amount of drug/tablet.
While, the formula granulated with
600 cps binder solution (formula
showing little drug migration), had an
average assay values of 96.1-102.4%
of the theoretical amount of
drug/tablet.

Table 6: Riboflavin sodium phosphate content in different tablet batches.

Batch code
Average amount recovered per

tablet (mg)
Range of assay values of

RSP / tablet (%)
P1 1.756 ± 0.126 77.70 – 96.35
P2 1.826 ± 0.075 84.75 – 97.75
M1 1.754 ± 0.212 74.00 – 108.5
M2 1.878 ±0.069 88.10 – 99.00
H1 1.722 ± 0.129 76.00 – 94.80
H2 1.824 ± 0.142 75.50 – 98.00
G1 1.843 ± 0.109 80.50 – 99.35
G2 1.904 ± 0.055 91.00 – 98.20
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In vitro drug release
Results of drug release from

different formulations are illustrated
in Figures (6-9). Figure (6) shows the
effect of PVP concentration on the
drug release from different batches
prepared with various concentrations
of PVP. It could be observed that,
batch P1 has a higher dissolution rate
than batch P2. This was indicated by
the t90 value, being 10 and 15.5 min
for batches P1 and P2, respectively.
Zubair et al., (1988)20, explained why
increasing the binder concentration,
increases markedly the disintegration
and dissolution times of the tablets.
This is because, binders are forced
into the interparticular spaces,
thereby, increasing the area of contact
between particles, leading to the
formation of additional solid bonds.

Fig. 6: Effect of PVP concentration on
RSP release from its tablets.

It was also suggested that, at lower
compression forces, dissolution rate is
related to the structure and crushing
characteristics of the granules, and,
therefore, to the concentration of PVP
binder21.

Chalmers and Elworthy, (1976)22

noted that, increasing concentration
of PVP, resulted in a decrease in the
rate of tablet dissolution. They
attributed this to the heavier coating
of the powder particles with PVP at
high concentrations which may act by
slowing the rate at which invading
water reaches the surface of the
powder particles, and slowing
diffusion away from the surface of the
drug, due to higher viscosity of PVP
solutions compared with that of pure
water.

Figures (7-9) illustrate the effect
of MC, HPMC and gelatin,
respectively on the dissolution rate of
RSP from tablets. It could be noticed
that, the batches prepared with
binders of low viscosity (batches M1,
H1 and G1) exhibited more rapid
dissolution rate (t90 = 9, 8.5 and 40
min, respectively), than those
prepared with binder solutions of high
viscosity (batches M2, H2 and G2
which had t90 of 17, 37 and 170 min,
respectively).

Fig. 7: Effect of MC concentration on
RSP release from its tablets.
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Fig. 8: Effect of HPMC concentration
on RSP release from its tablets.

Fig. 9: Effect of gelatin concentration
on RSP release from its tablets.

Pharmacokinetic analysis
Figure (10) shows that, tablets

prepared with 10% gelatin as a binder
(batch G2) exhibited the least amount
excreted, while tablets prepared with
0.5% w/w MC  (batch M1) and the

control batch, prepared with water,
showed the highest amount excreted
in urine. It could be observed that,
there is no difference between M1
and the control batches.

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Time (hr)

M
ea

n 
cu

m
ul

at
iv

e 
am

ou
nt

 o
f 

ri
bo

fl
av

in
 e

xc
re

te
d

in
 u

ri
ne

 (
m

g)

Batch G2

Batch M1
The control batch

Fig. 10: Average cumulative amount of
riboflavin excreted in the urine
after oral administration of 4
mg RSP from different tablet
batches.

The average excretion rates of
riboflavin from different tablet
batches are shown in Table (7). The
data were analyzed by the analysis of
variance test (ANOVA) and the
results were illustrated in Table (8).
From these Tables, it could be
observed that, there is a significant
difference between the average
excretion rates of the three tested
batches at time of 0.5 hr.
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Table 7: The average excretion rate * (mg/hr) of riboflavin after oral
administration of 4 mg RSP from different tablet batches.

Excretion rate (mg/hr)
(Mean ± SD)Time (hr)

Batch (G2) Batch (M1)
The control

batch
0.5 0.546 ± 0.135 1.445 ± 0.299 1.259 ± 0.325
1.5 0.629 ± 0.124 0.569 ± 0.031 0.563 ± 0.143
2.5 0.338 ± 0.067 0.284 ± 0.118 0.303 ± 0.141
3.5 0.198 ± 0.044 0.165 ± 0.095 0.251 ± 0.135
5 0.071 ± 0.027 0.070 ± 0.055 0.091 ± 0.036
7 0.058 ± 0.014 0.049 ± 0.029 0.055 ± 0.020

11 0.032 ± 0.010 0.024 ± 0.026 0.028 ± 0.013
19 0.018 ± 0.009 0.008 ± 0.013 0.011 ± 0.006

• Average of six volunteers

Table 8: Analysis of variance test for
the rate of excretion of
riboflavin after oral
administration of 4 mg RSP
from different tablet
batches.

Time (hr) F. value
0.5 19.04 *
1.5 0.6393 •
2.5 0.0353 •
3.5 1.143 •
5 0.509 •
7 0.221 •

11 0.264 •
19 1.642 •

* Extremely significant difference
 • Non significant difference among the

tested batches by analysis of variance
at 5 % level.

In Figure (11), the urinary
excretion rate was plotted against the

mid-point of a urine collection
interval. From this curve, it could be
noticed that, the average peaks (R max)
were 0.629, 1.445, and 1.259 mg/hr
for batches G2, M1, and the control
batch, respectively.

Fig. 11: Average urinary excretion rate
of riboflavin after oral admini-
stration of 4 mg RSP from
different tablet batches.
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The values of Tmax were found to
be 1.5 hr for batch G2, and 0.5 hr for
both, batch M1 and the control batch.
Analysis of data between each two
pairs of batches, by student's t- test
(Table 9), revealed a significant
difference between batches G2 and
M1, as well as between batches G2
and the control batch for the value of
Rmax. On the other hand, no
significant difference was found
between batches M1 and the control
batch for the value of Rmax. These
results emphasize that, formulation
changes in a drug product may affect
the rate of drug bioavailability. The
nature and quantity of the binder
employed has a profound effect on
the bioavailability of the drug from
the tablet dosage form. The value of
Tmax for batch G2 was more than its
analogues for both, batch M1 and the
control batch. This may be attributed
to the difference in the dissolution
rate of the tested batches, where, the
values of T90% were; 170 and 9 min
for G2 and M1 batches, respectively.

Table 9: Statistical t-test for the
maximum excretion rate
(Rmax) of riboflavin for G2,
M1 and control batches.

The two compared batches Value of t

Batch G2 and the control batch 4.442 *

Batch M1 and the control batch 1.030
Batch G2 and batch M1 6.188 **

* Highly significant
** Extremely significant
T value critical at 10 degree of
freedom and 95% confidence level is
2.23.

On studying the bioavailability of
riboflavin, Khalil et al., (1991)23,
found that, tablets belonging to the
brand that contained gelatin in the
subcoat exhibited poorer dissolution
profiles than the other brand
containing no gelatin.

Conclusion
From the previous work, it could

be concluded that;
•Migration of riboflavin sodium

phosphate as an example of colored,
low dose, water soluble drug with
the solvent during drying of wet
granules results in, an uneven
distribution of the drug substance
within the granulation bed.

•Increasing the binder solution
viscosity, decreases the inter-
granular migration of the tested
drug.

•Riboflavin sodium phosphate mostly
showed higher migration at a drying
temperature of 50°C than 70°C.

•The type of major diluent employed
has a profound effect on the drug
migration, where dibasic calcium
phosphate showed lower migration
than lactose for riboflavin sodium
phosphate.

•Mottling is extensively observed for
batches prepared with low viscosity
binder solutions, while, it diminishes
on using high viscous binder
solutions.

•Using 10% w/w gelatin, as a binder
in the wet granulation method, and
70ºC as the drying temperature of
the wet granules, minimized the
migration of the studied drug, a case
which led to homogenous



211

distribution of the drug in the
prepared tablets which also
provoked almost no mottling.

•Tablets prepared with 10% w/w
gelatin showed the most uniform
drug distribution, but had slower
dissolution rate, and higher
disintegration time, compared to the
other batches.

•The in vivo study revealed a lower
excretion rate, higher Tmax and good
correlation with the in vitro data for
riboflavin sodium phosphate tablets
prepared with 10% gelatin (batch
G2). However, tablets prepared with
0.5% w/w MC (Batch M1) exhibited
higher excretion rate than batch G2.
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