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ABSTRACT 
Bioenhancers are substances that can improve the bioavailability of drugs. Naringin is one of the naturally occurring 
fruit flavonoids found in citrus fruits that allows for increased absorption of various drugs. The main objective of the 
work was to determine the effect of naringin on the bioavailability of atorvastatin, the effective concentration, and the 
time at which the concentration of naringin was calculated. The bioavailability of atorvastatin was evaluated in rats 
with a single dose. The method was optimized using Design-Expert® software to modify the process, formulation, and 
concentration parameters. The study concluded that pre-treatment with 2 mg/kg of naringin for 15 minutes increased 
the bioavailability of atorvastatin by approximately ninefold. The atorvastatin layer is formed using 2.987 mg of 
crospovidone as a binder and the naringin layer is developed using 5 mg of polyvinylpyrrolidone as a disintegrant. 
After 1.53 minutes of administration, the Naringin layer disintegrates and atorvastatin disintegrates after 16.27 
minutes of administration. By designing bilayer tablets of atorvastatin and naringin, the bioavailability of atorvastatin 
has improved significantly.

INTRODUCTION 

A drug is said to be therapeutically effective when its 
dosage form delivers the medicament at the desired site at an 
appropriate quantity and rate (Brahmankar and Jaiswal, 2011). 
A number of classes of drugs, such as therapeutic peptides 
and nucleic acids, are hydrolyzed by pro-degrading enzymes. 
Enzymes such as trypsin, chymotrypsin, and pepsin effectively 
degrade teriparatide in the human intestine (Werle et al., 2006). 
Bioenhancers are substances that are administered to increase 
the therapeutic efficacy of drugs without altering the properties 
of drugs. Increased use of bioenhancer drugs has improved the 
bioavailability of a number of drugs administered intravenously. 

The system works by modifying enzymes, stimulating the 
Gamma-Glutamyl Transferase (GGT) enzyme, improving the 
absorption of the gastrointestinal tract, and targeting drugs (Jain 
and Patil, 2015; Looareesuwan and Chulay et al., 1999). Relenza 
is a synthetic drug prescribed by physicians to treat patients with 
flu. When the viral enzyme is formed by a docking protein, the 
virus is released into the cell. Relenza competes with the protein 
binding and blocks the docking of the antibody. Due to the lack of 
viral release from infected cells, the virus spreads less via airborne 
means (Amtul et al., 2002). Bioenhancers come from a variety of 
botanical components, mostly herbs. A wide range of medicinal 
plants are considered to contain abundant bioenhancers, including 
piperine, naringin, gallic acid, quercetin and many more (Gupta 
et al., 2015; Patil et al., 2015; Wadhwa et al., 2014). Naringin 
occurs naturally in citrus fruits, particularly in grapefruit. It is 
found in foods such as apples, onions, and tea. It has therapeutic 
properties, including anti-aging, anti-ulcer, and anti-allergic 
properties (Alam et al., 2014). Oral ingestion of naringin 3.3 
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mg/kg and 10 mg/kg prior to the 3 mg/kg dose of paclitaxel 
significantly increases, Area under the curve (AUC) of paclitaxel. 
Naringin significantly increases the bioavailability of paclitaxel 
at a dose of 3.3 mg/kg. Other types of drugs, such as diltiazem, 
verapamil, saquinavir, and cyclosporine, may also be increased 
(Oladimeji et al., 2018). Naringin inhibits CYP-450 enzymes, 
particularly CYP-3A4. CYP3A4 enzymes located in the small and 
large intestines and the liver metabolize a large number of drugs 
to a great extent (Burkina et al., 2016). The research topic intends 
to develop and evaluate the bilayer tablet of atorvastatin calcium 
and bioenhancer naringin for better absorption of atorvastatin 
calcium.

MATERIALS AND METHODS
Atorvastatin calcium (ATC) was received as a gift 

sample from Reltsen Health Care, Pondicherry. Naringin (NG) was 
purchased from Sigma Aldrich, crospovidone from ACS Chemicals. 
Polyvinylpyrrolidone (PVP) K-30, croscarmellose sodium, and 
microcrystalline cellulose 102 were purchased from Yarrow Chem 
Products. Talc, lactose monohydrate, and starch were purchased 
from NICE Chemicals. Magnesium stearate was purchased from 
LOBA Chemie and Neelilake Tartrazine Lake was received as a gift 
sample from Neelikon Food Dyes and Chemicals Ltd.

Methods

In vivo bioavailability study
The concept of combining an enzyme inhibitor with a 

statin to improve the bioavailability of the statin was studied and 
confirmed in an in vivo study in Sprague-Dawley rats (Wu et al., 
2016). Animal testing was carried out with prior approval of the 
Institutional Animal Ethics Committee (Approval No: KMCRET/
PhD/28/2016-17). They were divided into 11 groups of six each. 
All the animals were housed and fed under proper conditions. 
Group 1 received 8.27 mg/kg and Group 2 received 1.03 mg/kg 
ATC. (equivalent to 80 and 10 mg of human ATC dose). Group 3 
ATC and NG at doses of 1.03 and 0.5 mg/kg, respectively. Groups 
4–7 were pre-treated with 0.5 mg/kg NG, followed by 1.03 mg/
kg ATC in 15, 30, 60, and 120 minutes after treatment with NG. 
Groups 8–11 were given 1.0, 1.5, 2.0, and 2.5 mg/kg of NG, 
and then all four groups were treated with 1.03 mg/kg of ATC 
15 minutes later. Blood samples were collected by retro-orbital 
puncture (Kumar et al., 2017) at different time intervals of 0.25, 
0.5, 1, 3, 6, 12, and 24 hours. The filtered plasma was separated 
and analyzed for drug content by High-performance liquid 
chromatography (HPLC) using acetonitrile C18 column: distilled 
water (85:15) (Sangshetti et al., 2016) as a mobile phase at a flow 
rate of 1.0 ml/minute (Cao et al., 2006).

Formulation development
The bilayer tablets were prepared using the Ridhi® 

multi-station tablet press with a round punch of 6 mm (Badawy 
et al., 2019). Among the two layers, one layer was prepared by wet 
granulation (Qu et al., 2017) and the other by direct compression 
(Swamy et al., 2008). The tablets were tested using the prescribed 
official procedure for disintegration time, hardness, and 
compared to the standard marketed atorvastatin calcium tablets. 
Experiments were conducted in different phases. Phase I involved 
the development of atorvastatin calcium layer, Phase II involved 

the development of naringin layer, and Phase III involved the 
combination of atorvastatin calcium and naringin into a bilayer 
tablet (Yohannes et al., 2017). Design of experiments method 
(DoE) (Bhujbal and Darkunde, 2019), were carried out using 
Design-Expert® version 11 (Visser et al., 2015). The significance 
of the test was assessed using a one-way analysis of variance 
(ANOVA). The administration of 0.91 mg/kg of atorvastatin and 2 
mg/kg of naringin resulted in human doses of 9 mg/kg and 19 mg/
kg, respectively.

Phase I: development of atorvastatin calcium layer
Phase I study focused mainly on the development 

of the atorvastatin calcium (Akbar et al., 2017) layer and the 
optimization of the various factors responsible for the timely 
delivery of atorvastatin calcium (Desai et al., 2016). Based on 
recent findings in preclinical rat models, pre-treatment with 
naringin was most effective in increasing the absorption of 
atorvastatin calcium. This concept was used in the formulation 
as the atorvastatin calcium layer of the bilayer tablet would 
disintegrate within the Gastrointestinal tract (GIT) only after 15 
minutes. Thus, in order to meet this target, the dissolution time 
of the atorvastatin calcium layer was calibrated by 15 minutes 
and the formulation was designed with this in mind. Based on 
the prediction of this study, a two-way factorial design with two 
factors and two responses was used (Sanchez et al., 2018). The 
concentration of disintegrants and binders was a key factor in the 
development of the calcium layer of atorvastatin. The response 
chosen was the time of the tablet’s disintegration and hardness. 
Based on the factors and responses mentioned above, a two-level 
factorial design model was selected in Design-Expert® as shown in 
Table 1. The formula for the preparation of the tablet is provided in 
Table 2. The tablets were prepared in a batch size of 250, and their 
quality was assessed. The results were fitted to the Design-Expert; 
the model proved to be statistically significant and the results were 
tested and confirmed by ANOVA (Ainurofiq et al., 2016). Various 
solutions were derived on the basis of the set constraints in order to 
achieve the target responses. The most desirable solution (Rahimi 
and Mahmoudi, 2017), i.e., 3.313 mg PVP K30 as a binder without 
any disintegrants, was selected for the confirmatory study. 

Table 1. Two-level two-factorial design model for the development of 
atorvastatin calcium layer.

STD RUN Binder 
concentration (mg)

Disintegrants 
concentration (mg)

1 3 0.5 0

2 6 0.5 0

3 9 0.5 0

4 11 2.5 0

5 5 2.5 0

6 4 2.5 0

7 7 0.5 5

8 8 0.5 5

9 12 0.5 5

10 2 2.5 5

11 1 2.5 5

12 10 2.5 5
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Phase II: development of naringin layer for atorvastatin 
calcium and Naringin bi-layer tablet

The Phase II study was designed to develop naringin 
layers and investigate whether the desired responses could be 
achieved. Based on preclinical animal data, this layer was prepared 
as an immediate layer with a target disintegration time of 2 minutes 
to provide pre-treatment with naringin. Two different disintegrants 
(crospovidone and croscarmellose sodium) (Ibrahim and Abou El 
Ela, 2017) were tested at −1, +1 and measured using DoE. The 
two-way factorial design for the development of the naringin layer 
is shown in Table 3 and the unit formula in Table 4. The tablets 
were prepared in a batch size of 250 and tested. The results were 
well aligned with the Design-Expert® model and the significance 
of the results was statistically tested with ANOVA. By considering 
the set of constraints, multiple solutions have been chosen to meet 
the target. For the confirmatory study, a solution containing 2,987 
mg of crospovidone alone was selected as a disintegrant.

Phase III-A: the development of bilayer tablets
In Phases I and II, the amount of binders and disintegrants 

required for the ATC and NG layers was identified. In Phase III, 
bilayer tablets were prepared using the best formulation identified 
in Phase I and Phase II studies. 3.313 mg PVP K-30 was used 
as binding agent for the ATC layer and 2.987 mg crospovidone 
was used as disintegrating agent for the NG layer. The amount of 
additional ingredients for the ATC and NG layers is the same as 

shown in Tables 2 and 4. The bilayer tablets were prepared and 
evaluated using a wet granulation method with a batch size of 250 
numbers.

Phase III-B: optimizing the granular property by changing 
the diluent in bilayer tablets

Based on the results of Phase III-A, granules have been 
known to be hygroscopic. Phase III-B was conducted to reduce 
the hygroscopic nature of granules by converting the diluent from 
lactose to microcrystalline cellulose 102. The other components 
for the ATC and NG layers were the same as shown in Tables 2 
and 4. The bilayer tablets were prepared and evaluated using a wet 
granulation method with a batch size of 250 numbers.

Phase III-C: optimizing the binder levels and method of 
tablet compression

Based on the results of Phase III-B to achieve the target 
disintegrating time for atorvastatin, Phase III-C increased the 
concentration of PVP K-30 to 5 mg/unit and the direct compression 
process for both layers was used. The quantity of additional 
ingredients was equal to the amount shown in Tables 2 and 4. The 
bilayer tablets were produced and tested with 250 units each.

Phase III-D: optimization of tablet compression method
Based on the Phase III-C results, the atorvastatin calcium 

layer was prepared using a wet granulation technique and the 
naringin layer was prepared using a direct compression method 
with a batch size of 250 tablets. The final formula can be found in 
Table 5. In order to differentiate the layers, Neellilake Tartrazine 
Lake (0.1%) was also incorporated into the naringin layer.

RESULTS AND DISCUSSION

In vivo bioavailability study
Animal studies conducted to determine the effect of 

naringin on the bioavailability of atorvastatin show that naringin 
has time- and dose-dependent actions to improve the bioavailability 
of atorvastatin. The study conducted to assess the effect of pre-
treatment with naringin concludes that 15-minute pre-treatment 
with naringin increases the AUC of atorvastatin from 434.0 ± 8.77 
to 624.2 ± 28.45 μg • hour/Ml. The study conducted to determine 
the optimal dose of naringin proved that a dose of 2 mg/kg 15 
minutes before administration of atorvastatin increased the AUC 
of atorvastatin to 1,667.4 ± 29.68 μg • hour/Ml, which is higher 
than the AUC of atorvastatin alone at a dose of 8.27 mg/kg. This 

Table 2. The unit formula for the development of atorvastatin calcium layer.

Sl 
No. Ingredients

Runs quantity mg/unit

Run 1–3 Run 4–6 Run 7–9 Run 10–12

1 Atorvastatin calcium 9 9 9 9

2 PVP K-30 0.5 2.5 0.5 2.5

3 Starch 0 0 5 5

3 Lactose 39.75 37.75 39.75 37.75

4 Magnesium stearate (0.5%) 0.25 0.25 0.25 0.25

5 Talc (1%) 0.5 0.5 0.5 0.5

Total 50 50 50 50

Table 3. The two-way two-factorial design in the development of naringin 
layer.

STD Run Factor 1 crospovidone  
(mg)

Factor 2 croscarmellose 
sodium (mg)

1 10 0 0

2 2 0 0

3 9 0 0

4 4 2.5 0

5 6 2.5 0

6 8 2.5 0

7 7 0 2.5

8 11 0 2.5

9 1 0 2.5

10 12 2.5 2.5

11 5 2.5 2.5

12 3 2.5 2.5

Table 4. The unit formula for the development of naringin layer.

Sl 
No Ingredients

Runs quantity mg/unit

Run 1–3 Run 4–6 Run 7–9 Run 10–12

1 Naringin 19 19 19 19

2 PVP K-30 1.25 1.25 1.25 1.25

3 Crospovidone 0 2.5 0 2.5

4 Croscarmellose sodium 0 0 2.5 2.5

5 Lactose 29 26.5 26.5 24

6 Magnesium stearate (0.5%) 0.25 0.25 0.25 0.25

7 Talc (1%) 0.5 0.5 0.5 0.5

Total 50 50 50 50
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concluded that 0.91 mg/kg of atorvastatin and 15 minutes of 2 mg/
kg of naringin produced an equivalent result of 8.27 mg/kg (= 80 
mg human dose) of atorvastatin alone in the rat model.

Results of phase I study: development of atorvastatin calcium 
layer

Response to regular 2-level factor design studies has 
been conducted to optimize the two factors (binder concentration 
and disintegrant) for the development of the atorvastatin calcium 
layer. For both factors, 12 runs were carried out at two levels 
(−1, +1) with three replicates. Both factors were assessed on the 
basis of hardness and time of disintegration. The concentration 
of the binder and the hardness of the binder have been found to 

have a linear relationship. Disintegrants have also contributed 
to the increase in hardness but have not been proportionate. A 
lower concentration of binders and higher disintegrants resulted 
in less disintegration time (Steele et al., 2002). The model was 
tested for its relevance and it can be concluded that the two factors 
had a significant impact on reactions such as hardness (p-value = 
0.0157) and disintegration time (p-value < 0.0001).

Based on the contour plot of the hardness shown in Figure 
1, 3 mg of PVP K-30 is required for a 50 mg tablet to achieve a 
hardness of more than 5 kg/cm2. Binder concentrations ranging 
from 1 to 2.5 mg yield a hardness of 3–5 kg/cm2. Disintegrants 
have also contributed slightly to hardness, but have minimal 
effects and are less powerful. The contour plot for the effect of 
disintegrants and concentration of binders on disintegrating time 
is shown in Figure 2. As a result, a minimum of 2 mg disintegrants 
with a lower concentration of binders may result in a disintegration 
period of less than 5 minutes. It increases accordingly, however, 
with an increase in the concentration of binders. A minimum of 2.5 

Figure 1. Contour plot explaining the effect of binder concentration and 
disintegrants on hardness of the atorvastatin calcium layer.

Figure 2. Contour plot explaining the effect of binder concentration and 
disintegrants on disintegration time of the atorvastatin calcium layer.

Figure 3. Interactive effect of crospovidone and croscarmellose sodium on 
disintegration time of the naringin layer.

Table 5. The final optimised unit formula for the 
development of Atorvastatin calcium Naringin bilayer tablet.

Sl No Ingredients Quantity mg/Unit

Atorvastatin calcium Layer

1 Atorvastatin calcium 9

2 PVP K 30 5

3 MCC 35.25

4 Magnesium Stearate (0.5%) 0.25

5 Talc (1%) 0.5

Total  50

Naringin Layer

1 Naringin 19

2 PVP K 30 1.25

3 Cros Povidone 2.987

5 MCC 25.963

4 Magnesium Stearate (0.5%) 0.25

5 Talc (1%) 0.5

6 Neelilake Tartrazine Lake 
(0.1%) 0.05

Total 50

Weight of a tablet  100
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mg PVP K-30 without any disintegrants is required for a higher 
disintegration time of more than 15 minutes for a 50 mg tablet.

Based on the above observation of hardness and 
disintegration time, the formula was optimized under certain 
constraints to achieve the target of 15 minutes of disintegration 
time. Limits set for yield results are binding concentrations ranging 
from 2.5 to 3.5 mg, avoiding tablet disintegrants. Based on the set 
constraints, a 3.313 mg binder is required to achieve a 15-minute 
disintegration time result. The 3.313 mg binder tablets produced a 
disintegration time of 16 minutes and a hardness of 5.56 kg/cm2.

Results for phase II studies: development of naringin layer
Based on the raw data on the disintegration test, 

crospovidone’s contribution is much higher than croscarmellose 
sodium in decreasing disintegration time. Crospovidone alone 
reduced the disintegration time from 6.87 to 2.011 minutes at −1, 
+1, while croscarmellose sodium decreased the disintegration time 
from 6.2 to 2.5 minutes at −1, +1. Figure 3 shows the interaction 
between two disintegrants at the disintegrating time of the 
naringin layer. Both disintegrants reduced the disintegration time 
in proportion. Crospovidone produced the lowest disintegration 
time at a higher level of 2.5 mg. Crospovidone reduced the 
disintegration time from 10.16 to 2.42 minutes at its −1, +1 level in 
the absence of croscarmellose sodium, whereas at higher levels of 
croscarmellose sodium, crospovidone decreased the disintegration 
time from 3.59 to 1.6 minutes at −1, +1. Based on these data, the 
effect of crospovidone is found to be more significant than the 
effect of croscarmellose sodium (Tomar et al., 2018) since the 
time of disintegration of croscarmellose sodium alone decreased 
from 10.1 to 3.5 at −1, +1 levels. 

Figure 4 shows the contour plot. The disintegration time 
of the naringin layer showed a minimum requirement of 2 mg for 
crospovidone and 2.3 mg for croscarmellose sodium to produce a 
disintegration time of less than 4 minutes. The combination of 2.5 
mg crospovidone and 3 mg croscarmellose sodium may produce a 
disintegration time of less than 2 minutes. Figure 5 shows that the 
3D surface area, croscarmellose sodium (−1), and crospovidone 
(+1) produced the least disintegrating time of 2.7 minutes 
compared to croscarmellose sodium (+1) and crospovidone (−1) 
which produced a disintegration time of 3.37 minutes (Figure 6). A 
combination of croscarmellose sodium and crospovidone at +1, +1 
level is shown in Figure 7. The disintegration time is 1.3 minutes. 
The combination of these two superdisintegrants can result in a 
time of targeted disintegration. However, the total consumption 
of superdisintegrants is 5 mg, which is above the acceptable limit. 
Thus, the combination of these two superdisintegrants at the 
highest concentration cannot proceed. The target can be achieved 
by crospovidone 3 mg alone. In the case of croscarmellose sodium 
alone, the target minimum of 4 mg is required. As a result, the target 
disintegration time with minimum disintegrants was optimized for 
crospovidone. The amount of crospovidone required to produce 
the desired effect is determined under certain constraints by the 
Design-Expert and is given as 2,987 mg, which will produce a 
disintegration time of 0,913 minutes, with a desirability of 1. This 
was tested in the confirmatory study and the results show that the 
batch had a disintegration time of 0.873 minutes, which was at a 
95% low and high predictive interval of 0.163 and 2.60 minutes, 
respectively.

Results of phase III-A: development of bilayer tablets
In Phase III, bilayer tablets were prepared using the 

best formulation identified in Phases I and II. The values for the 
calcium layer of atorvastatin have been confirmed using different 
statistical parameters at α = 0.05 at a two-sided interval. Obtained 
disintegration means 16.53 ± 1.03 minutes in the 95% predicted 
interval at two levels and closer to the predicted mean 16.79 ± 
1.01 minutes. The mean data for hardness was determined to be 
6.46 ± 1 kg/cm2. This mean was higher than the predicted value of 
5.5 ± 0.90 kg/cm2. The hardness increased more than the results 
of the previous experiment. This could be due to the multilayer of 
the tablet compared with a single layer in previous experiments 
(Yaakub et al., 2018).

In the case of the naringin layer, the predicted 
disintegration time was 1.22 ± 0.67 with a 95% predictive range of 
0.16 and 2.60 at −1, +1. The mean disintegration time obtained was 
1.783 ± 0.30 minutes, which was within the predictive interval, 

Figure 4. Contour plot explaining the effect of superdisintegrants crospovidone 
and croscarmellose sodium on disintegration time of naringin layer.

Figure 5. 3 D surface area produces the least disintegration time of 2.7 minutes 
for naringin layer.
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whereas it was higher than the predictive mean value obtained for 
the naringin layer when compressed as a 50 mg single-layer tablet 
for the optimization process (Phase II). In this study, both the 
naringin and atorvastatin calcium layers were compressed together 
as a single 100 mg tablet. As a result, the one-third effective surface 
area of the bilayer tablet for the naringin layer was reduced. The 
decrease in surface area increased the disintegration time of the 
naringin layer to 1.783 ± 0.30 minutes. The granules prepared 
were hygroscopic in nature, and compression was difficult.

Results of phase III-B: optimizing the granular property
Another set of experiments was conducted to improve 

the granulation properties by altering the diluents of lactose 
to microcrystalline cellulose 102 without changing any other 
parameters. Granules prepared with lactose have more hygroscopic 
properties under certain climatic conditions and are affected by the 
tablet process. That is why lactose was replaced by microcrystalline 
cellulose 102. This has a higher adsorbing capacity. The tablet 
was prepared according to the optimized process and formula. As 

per the point forecast, the predicted mean was 16.79 ±1.01 with 
95% confidence interval values of 14.81 and 18.77 at−1, +1 and 
% tolerance intervals of 10.71 and 22.87 at −1, +1 at 0.05 and 
tolerances of 0.99. In response data, the hardness increased to 
11.5 kg/cm2 and the disintegration time of the atorvastatin calcium 
layer decreased to 10.5 minutes. Confirmatory values at two-sided 
intervals were obtained using α = 0.05. The mean disintegration 
obtained was less than 95% confidence interval, predictive 
interval, and tolerance interval. The results are not within the 
limits. In the case of the naringin layer, the predicted mean is 1.22 
minutes with a 95% CI of 0.16 and 2.6 at−1,+1 levels and 95% 
tolerance intervals of −2.6 and 5.6 at −1, +1 in the response data 
of the naringin layer; the disintegration time increased to 3.36 
minutes. Even though it is within the acceptable time limit, it is 
beyond the target time point.

The results of this experiment paved the way for the 
following observation, the mean disintegration time of the 
atorvastatin calcium layer decreased and the naringin layer 
increased, while the hardness also increased to 11.5 kg/cm2. 
Based on these observations, we concluded that the use of 
microcrystalline cellulose 102 for wet granulation may increase 
the hardness of the tablet above the limit (Tomar et al., 2018), 
making it the most suitable for direct compression (Osamura et al., 
2018). This may be the reason for the increase in disintegration 
time for the naringin layer. The disintegration time for atorvastatin 
calcium decreased. This may have happened due to the following 
reasons. The concentration of the binder is not sufficient to 
granulate with microcrystalline cellulose 102 (Pishnamazi et al., 
2019). Microcrystalline cellulose 102 also has some disintegration 
properties (Osamura et al., 2018). The effective surface area 
of the atorvastatin calcium layer has increased following the 
disintegration of the naringin layer. Thus, to modify the results, the 
layer of atorvastatin calcium requires more binder quantity (Markl 
and Zeitler, 2017).

Results of phase III-C: optimizing the binder levels and 
method of tablet compression

In order to improve the disintegration properties of 
the tablet in such a way as to achieve a disintegration time of 15 
minutes for the atorvastatin calcium layer and less than 2 minutes 
for naringin layer, this experiment was carried out by increasing the 
concentration of atorvastatin calcium to 5 mg and the preparation 
process as a direct compression method (Moghal et al., 2016). 
The mean disintegration time observed for the atorvastatin 
calcium layer was 10.5 ± 4.3 minutes, which is less than the 95% 
predicted interval. The standard deviation is also observed to be 
high (n = 3). The mean tablet hardness is 10.3 ± 0.85 kg/cm2 (n 
= 3). Even after the addition of an extra binder, the disintegration 
time did not increase, but the standard deviation increased. The 
lower disintegration time is assumed to have occurred due to the 
penetration of superdisintegrants present in the naringin layer into 
the atorvastatin calcium layer during compression.

In the case of the naringin layer, the mean disintegrating 
time was 1.833 ± 0.35 minutes, i.e., within 95% of the two-
sided predicted interval with α = 0.05 and the mean hardness 
was also observed as 10.3 ± 0.854 kg/cm2. Based on the current 
experimental results, the disintegration time of the atorvastatin 
calcium layer has decreased and the naringin layer has reached 

Figure 6. 3-D surface area produces a disintegration time of 3.37 minutes for 
naringin layer.

Figure 7. 3-D surface area produces a disintegration time of 1.3 minutes for 
naringin layer.
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the limit with good hardness. As a result, the formula and process 
for the preparation of the Naringin layer is finalized as 2.98 mg 
crospovidone for the 50 mg naringin layer to make 100 mg bilayer 
tablet by direct compression method.

Results of phase III-D: optimization of tablet compression 
method

In order to improve the disintegration time of the 
atorvastatin calcium layer, a further experiment was carried out 
by altering the process of preparation of the atorvastatin calcium 
layer as wet granulation and the naringin layer as previously 
optimized. Confirmation data show the tablet hardness as 9.33 ± 
1.02 kg/cm2 and the disintegration time as 16.27 ± 1.0 minutes 
for the atorvastatin calcium layer and 1.5 ± 0.305 minutes for 
the naringin layer. Both responses are within the 95% confidence 
interval.

CONCLUSION
Atorvastatin calcium/naringin was prepared as a bilayer 

tablet to enhance the bioavailability of atorvastatin calcium. The 
experiments were designed using the Design-Expert® as per the 
DoE model. The effects of various factors (disintegrants and binder 
conc.) on atorvastatin calcium and the naringin layers have been 
optimized on the basis of two-level factorial designs. Based on 
the experimental confirmatory test, atorvastatin calcium/naringin 
bilayer tablets were prepared under the following conditions: the 
target disintegration time of 15 minutes for atorvastatin calcium 
layer (50 mg) was achieved by a wet granulation method using 5 
mg PVP K-30 and microcrystalline cellulose pH 102 as binders 
and diluents. The formula for the atorvastatin calcium layer was 
optimized without disintegrants. The target disintegration time of 
2 minutes for the naringin layer (50 mg) was achieved by direct 
compression of the tablet using 2.987 mg crospovidone, 1.25 mg 
PVP K-30, and microcrystalline cellulose 102 as disintegrants, 
binders, and diluents. The formula has been optimized and 
validated.
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