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Abstract

Recent studies suggest that curcumin has potent immunological activity in combination with ascorbic acid. Hence, research
was carried out to formulate effervescent granules of curcumin and ascorbic acid as preventive measures for COVID-19.
Thirteen formulas (F1 to F13) were prepared by applying 32 full factorial designs by applying the fusion method using Stat-
Ease Design-Expert v7.0.0 software. Here, a complex of hydroxypropyl beta-cyclodextrin and curcumin was prepared by
lyophilization technique to improve the solubility of curcumin. Citric acid, tartaric acid, sodium bicarbonate, polyethylene
glycol, and sorbitol were used in the formulation of effervescent granules. Evaluation studies were carried out for all 13
formulas, including compatibility study, flowability study and effervescence time. The results show that granules have
excellent flow property with an appropriate bulk density and tapped density for the uniting dose. The FTIR study also
indicates that there is no interaction between excipients. The effervescence time is less than 3 minutes for all the batches.
Formula 4 shows the best effervescence. This research article covers the development of effervescent granules containing
curcumin, which has antiviral properties (both through direct movement on viruses and through modulating the immune
system). With the pandemic of coronavirus that we are facing, curcumin and ascorbic acid can provide us protection against
COVID-19 by keeping our immunity up and protecting against the onslaught of infections.
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in this research, we make a complex of curcumin and

1. Introduction

Curcumin has antioxidant, anti-inflammatory, antiviral,
and antifungal effects. Literature and studies show
curcumin is non-poisonous to humans!. Curcumin
exerts an anti-inflammatory effect by inhibiting a
variety of specific molecules that play a critical role in
inflammation?. Curcumin is soluble in oil; practically,
it is insoluble in water at neutral and acidic pH levels
but soluble in alkali pH levels. So, to improve solubility,
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2-hydroxypropylbetacyclodextrin®*.

Ascorbic acid is a potent antioxidant which can
be obtained from food and pharmaceutical product
formulations because it is not synthesized by the
human body. It keeps safe against upper and lower
respiratory tract infections and lowers the risk of
cardiac arrest and malignant cancer. Also, ascorbic acid
enhances iron absorption and is required for collagen
synthesis’. Various pharmaceutical products can be
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administered orally, and oral administration is the
common route for administration for different dosage
forms®’. Pharmaceutical technology states that oral
medications, especially solid dosage forms, comprise a
majority of produced medications worldwide®”.

A literature survey reveals that the combination of
curcumin and ascorbic acid is useful for increasing the
immune power of the body'%"!°. There is no formulation
in the form of a nutraceutical’s granule sachet available
in the market. Therefore, an attempt is made to
develop the formulation along with its method for the
estimation of both the nutraceuticals simultaneously.
The advantages of ascorbic acid and curcumin granules
are no side effects, efficient as prophylactic agents, and
they can easily be used in routine life as immunity
enhancers and patient compliance.

Effervescent granules are the most widely used solid
oral dosage form for oral delivery. The effervescent
granules are soluble and dissolve fast, creating a tasty
formulation that can reduce the unpleasant bitter taste
of medications and boost the bioavailability of poorly
absorbed medications. It is a reliable and convenient
administration form. Prior to the patient’s consumption,
effervescent granules are intentionally added to a cup
that has 250 millilitres of water. The granules quickly
scatter in the water and dissolve with a release of carbon
dioxide gas'”'8. This happens as a result of the water-
mediated reaction between the basic bicarbonates and
the acidic components. The breakdown of the medicine
can be accelerated, and the consequent bitter taste of
the drug is covered up by the release of carbon dioxide.
The objective of this study is to make effective and
better use of curcumin and ascorbic acid®.

Quality by Design (QbD), the trendiest approach
employed for the design and development of
pharmaceutical dosage forms (FbD), is the term
used for statistical experiments that attempt to
increase the quality of the product’®?!. Design of
experiment (DoE) is an optimisation approach created
for analysing all potentially significant variables
simultaneously, systematically, and promptly for goods
and/or processes®”. This study’s goal was to develop
curcumin and ascorbic acid effervescent granules with
excellent quality and more patient compliance using
the Formulation by Design (FbD) methodology in a
time and cost-effective manner’***, To investigate the
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granules’ physical and chemical properties, a 3* Full
factorial design was employed. The fusion granulation
technique was used to produce the formulae?”.

2. Materials and Methods

Curcumin,
acid, sodium bicarbonate, propylene glycol,
2-hydroxylpropyl-beta-cyclodextrin, and d-sorbitol
were purchased from Himedia Laboratories Pvt. Ltd.
India. AR grade methanol was used as a solvent and
procured from Chiti-Chem Corporation, Vadodara,
Gujarat.

ascorbic acid, tartaric acid, citric

2.1 Preformulation Studies
2.1.1 Melting Point Determination

The melting point of curcumin, ascorbic acid and other
excipients were determined by using a Thiele tube and
liquid paraffin by manual method.

2.1.2 Identification of Active Pharmaceutical
Ingredients and Formulation by Infrared
Spectroscopy

Confirmation of the structure and functional group
of curcumin and ascorbic acid in presence of the
excipients by Fourier Transform Infrared Spectroscopy
(FTIR) were done. The graphs of FTIR for curcumin,
ascorbic acid and granules are depicted in Figures 1-3,
respectively. It shows no interaction between excipients.

2.2 Preparation of Complex (Curcumin +
HP-B-CD)

Freeze drying (lyophilization) method was used to make
the complex. It is prepared by slowly and gradually
adding 50 ml (50% v/v) ethanol to 1.38 gm HP -p- CD.
To this mixture, 0.3680 g of curcumin is added and
stirred on a magnetic stirrer until the desired consistency
is obtained. The mixture is Lyophilized for 24 hrs. The
freeze-dried mixture is passed through 80 mesh sieves.

2.3 Preparation of Granules by Fusion
Method

Citricacid, tartaric acid, sodium bicarbonate, d-sorbitol,

propylene glycol, ethanol, and 2-hydroxypropyl-

beta-cyclodextrin were used to effectively produce
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= \ ‘ 2.4 FbD based Statistical Screening of

N\ Critical Factors Using 32 Full Factorial
Designs

Stat-ease design-expert v7.0.0 was used to check the
effect of independent variables on the responses,
considered dependent variables, using 3 full
factorial designs. Screening of effervescent granules
of curcumin and ascorbic acid was done according
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Figure 1. Fourier Transform Infrared spectrum of

curcumin. to 32 full factorial designs. A total of 13 batches were
prepared. An amount of drug complex concentration

5 e (X1) and an amount of sodium bicarbonate (X2) were
o selected as independent variables depicted in Table 1.
ie The response evaluated was the effervescent time, i.e.,
i the dependent variable. The optimized formulation
. was selected on the basis of specified effervesces
: time, and it is depicted in Table 4. The coded values
for Factor X1 and X2 composition are listed in Table
oo 2. The best-fitting mathematical model was selected
Figure 2. Fourier Transform Infrared spectrum of for each response from Table 3. Through stepwise
ascorbic acid. multiple regression analysis, the model predictor

equations were calculated. The model was validated
using a 0.05 significance level analysis of variance
i e and the coefficient of determination (R?). Using
the stat-ease design-expert v7.0.0 programme, all

‘ Il statistical computations and graphic plots were made

i . (Table 5).
?; ° I |
& : | ‘ Table 1. Variables selected for optimization of

. formulation

8 Independent Variables Dependent Variable

Il | | (Response)
3500 30‘00 2500 2000 15‘00 1000 500 X1: Drug Complex Y1: Effervescent tlme (S)
Wavenumber cm-1 Concentration (mg)

Figure 3. Fourier Transform Infrared spectrum of X2: Amount of Sodium -
formulation. Bicarbonate (mg)

effervescent curcumin and ascorbic acid granules.

) : Table 2. Coded value for Factor X1 and X2
150 mg of complex (curcumin + HP-B-CD), ascorbic

acid 1000 mg, 600 mg of tartaric acid, 300 mg of citric Coded values for Low (-1) | Medium (0) | High (+1)
acid, sodium bicarbonate 1032 mg, D-sorbitol 600 variables

mg were accurately weighed and mixed. One drop of X1: Drug Complex 150 250 350
polyethylene glycol (90 mg) is added to the mixture. concentration (mg)

The final mixture is kept in a hot air oven for 7-8 mins
at 40°C. Granules were produced by passing the dry
material through sieve number 16.

X2: Amount of Sodium | 500 1000 1500
Bicarbonate (mg)
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Table 3. Formulation optimization using 32 full factorial design

Batch Level of variables in Levels of variable in actual form Response (dependent)
coded form variable
X1 X2 Drug complex (Curcumin | Amount of sodium Effervescence time
+ HP-B- CD) mg bicarbonate (mg) (seconds)

F1 -1 -1 150 500 120
F2 0 -1 250 500 125
F3 +1 -1 350 500 104
F4 -1 0 150 1000 175
F5 0 0 250 1000 124
F6 +1 0 350 1000 130
F7 -1 +1 150 1500 195
F8 0 +1 250 1500 99

Fo +1 +1 350 1500 120
F10 0 0 250 1000 125
F11 0 0 250 1000 118
F12 0 0 250 1000 127
F13 0 0 250 1000 122

Table 4. The optimized formula for Batch F4

Reagent Amount
complex (curcumin + HP-3-CD) | 150 mg
Ascorbic acid 1000 mg
Tartaric acid 600 mg

Citric acid 300 mg
Sodium bicarbonate 1032 mg

D- sorbitol 600 mg
Polyethylene glycol 1 drop (90 mg)

Effervescence time was selected as a response for
optimization of the formulation. An optimization study
was carried out by using Design Expert® 7 software.
Results obtained are shown in Figure 4, the form
responses surface plot, Figure 5, the contour plot, and
Figure 6, overlay for the effervescence time of the drug
complex. The p-value of the model was found to be
0.0261, which was less than 0.05, which shows that the
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model was significant. Additionally, it has been found
that the quantity of drug complex and the amount of
sodium bicarbonate, both independent factors, have
a considerable impact on the response’s effervescence
time.

2.5 Polynomial Equation for Effervescence
Time in Coded Value

Effervescence Time: +124.10 -22.67* amount of drug
complex + 10.83* amount of sodium bicarbonate
-14.75* concentration of drug complex** amount of
sodium bicarbonate+ 26.14* concentration of drug
complex? - 14.36* amount of sodium bicarbonate?.

The equation represents the quantitative effect of the
independent variables on the effervescence time, which
indicates that the amount of sodium bicarbonate has a
positive effect on effervescence time. The Polynomial
equation also represents that the amount of drug
complex has a negative effect on response effervescence
time. The same can be depicted in the contour plot and
Response Surface model.
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Table 5. ANOVA table for effervescence time

Source Sum of Degree of MEAN F Value p-value Signification
squares freedom SQUARE
Model 6606.68 5 1321.34 5.19 0.0261 Significant
A: Amount of drug 3082.67 1 3082.67 12.12 0.0102 Significant
complex
B: Amount of sodium 704.17 1 704.17 2.77 0.0386 Significant
bicarbonate
AB 870.25 1 870.25 342 0.1068
A? 1886.91 1 1886.91 742 0.0296
B? 569.70 1 569.70 2.24 0.1782
Residual 1780.55 7 254.36
Pure Error 46.80 4 11.70
Corrected Total 8387.23 12
2.6 Model Graphs
Design Expet® Software
Em-gscmm

195
"

X1= A Amount of Drug Complex
2= B Amount of Sodum bicarconate

Figure 4.

Design-Expert® Software

effervescent time
# Design Points

195
99

X1 = A: amount of drug complex
X2 = B: amount of sodium bicarbonate
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Response surface plot of effervescence time.
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Overlay Plot
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Figure 6. Overlay plot of drug complex.

2.7 Validation of Experimental Design

To validate the experimental design, a checkpoint
batch was prepared by taking the amount of drug
complex 150mg and sodium bicarbonate 1000mg as
per the method given in the preparation of the granule
method.

The actual checkpoint batch was based on an
overlay plot in that the amount of drug complex
was 159.48 mg, and Sodium Bicarbonate was
1176.63 mg.

Table 6. Comparison of the result of checkpoint batch
with performed batch

Results of actual checkpoint | Results of performed
batch checkpoint batch

Y1: Effervescence time
Y1=17277s

Y1: Effervescence time
Y1=17486+s

The checkpoint batch result is shown in Table 6,
along with the actual research that was done on the
formulation created using the checkpoint approach.
Effervescence time values were discovered to be 172.77
s and 174.86 s, respectively, which were equivalent
without significantly differing. The outcomes confirmed
the equation calculated using the dependent variable’s
data analysis. Therefore, the degree of similarity
between the experimental and predicted response
values evaluated the prediction’s reliability.

3.Results and Discussion

Table 7. Summary of evaluation parameters

Bulk Tapped | Angleof | Carr's | Hausner’s
density density repose Index Ratio
(gm/ml) (gm/ml) | (degree’)

0.840+0.07 |1.05+0.12 |15.6°+£0.10 {20+ 0.13 |0.8 +0.09
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The outcomes of the flowability study of granules
can be seen in Table 7. Bulk density was determined
to be 0.840g/ml. The produced Granules tapped
density values were discovered to be 1.05gm/ml. It
was determined that the angle of repose was 15.6°. It
indicates an excellent flow characteristic. While the
produced Granules’ Carr’s Index result fell inside the
20 range. It indicates the fair flow property of granules.
Hausner’s ratio is 0.8. These results imply that the
formulation has reasonable flow characteristics.

4. Conclusion

The physicochemical characterization of the optimized
formulation showed no interaction between the drug
and excipients. The fusion technique was successfully
utilised for the preparation of curcumin and ascorbic
acid effervescent granules. Stat-ease design-expert v7.0.0
software demonstrated that factorial design is a useful
method for the characterization of the effects of variables
in the preparation of effervescent granules. A full factorial
32 design was employed as a screening technique to
determine the significant factors for the preparation
and screening of the effervescent granules. The drug
complex (curcumin + HP-B-CD) and amount of sodium
bicarbonate were selected to have the most significant
effect on the quality attributes, ie., effervescent time.
Using the factorial design feature of the stat-ease design-
expert v7.0.0 programme, a very significant statistical
model was produced that can accurately describe or
forecast the formulation optimisation of effervescent
granules for the specified quality.

Although curcumin is used to treat a number of
chronic conditions, its low bioavailability has prevented
it from being widely employed as a medicinal agent.
Here, we tried to reduce these issues by incorporating
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Hydroxypropyl p-Cyclodextrin. This approach is taken
to develop a simple and effective immunity enhancer
in the form of granules, which are easily taken by
oral route. A simple and cost-effective approach to
preparing the granules.

In conclusion, the effervescent granules had the
proper mechanical and physical features and satisfied
the pharmacopeial quality standards. The effervescent
granules demonstrated promising characteristics,
including simple administration, quick disintegration,
acceptable flow characteristics, patient compliance, and
low cost. By extrapolating from present studies, this
formulation has a very high commercial potential.
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