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ABSTRACT  7 

 

Aims: A new hydrophilic cellulose matrix (I-hydrocel) was evaluated as a tablet disintegrant in 

paracetamol tablet formulation in comparison with maize starch (MS). 

Methods: Applying I-hydrocel (IH) as a disintegrant at 5, 10 and 15 % w/w, granules containing 

paracetamol (80.65 % w/w), gelatin (3.5 % w/w) and lactose was prepared by the wet granulation 

method. Similar batches of granules were prepared with maize starch (MS). The micromeritic properties 

of the granules were evaluated. They were lubricated with 0.5 % w/w magnesium stearate and 

compressed at 4.50 kgF using a single punch tablet press fitted with a 12.50 mm punch. The tablet 

properties were studied using the British Pharmacopoeia methods. 

Results: The granules were flowable and compressible. The uniformity of weight of the tablets was within 

acceptable range. The tablets prepared with either IH or MS disintegrated in less than 15 min with those 

containing MS disintegrating in lesser time (P= 0.000). Though, the friability of the tablets from either IH or 

MS was generally less than 1%,  there was no significant difference for the friability between the tablets 

containing  5 % w/w IH and 5 % w/w MS, 15 % w/w IH and 10 % w/w MS, 15 % IH and 15 % w/w MS (P= 

0.000). The tablets prepared with MS presented with higher mechanical strength than those containing IH 

at all the concentrations studied (P = 0.000).  All the batches of tablets released over 50 % of 

paracetamol in less than 10 min and above 80 % in less than 30 min. 

Conclusion: I-hydrocel compared favourably with maize starch as a tablet disintegrant, yielded tablets 

with good mechanical strength and also aided the maximal release of paracetamol and could be a 
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veritable substitute for maize starch as a disintegrant in paracetamol tablet preparation.  
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1. INTRODUCTION  13 
 14 
The pharmaceutical industry sector has witnessed the development of several drug delivery systems, 15 

especially those targeting specific therapeutic sites. This notwithstanding, tablets, one of the oral solid 16 

dosage forms which up till now have been in existence since the 19th century, continue to be the most 17 

recurrent dosage form of choice for many. This continued acceptance includes the fact that the oral route 18 

of delivery is possibly the minimally disturbing approach of delivering medicinal products. The oral method 19 

of drug use being the utmost key means of drug application to achieve physiological impact in the human 20 

body, patients can afford to administer the medicine themselves. The tablet provides safe and suitable 21 

means of active pharmaceutical ingredients (API) usage with exceptional physiochemical strength in 22 

contrast to some other dosage forms, and deliver precise dosing. Tablets and other solid dosage forms 23 

are easy to be produced, making use of affordable technology. They are stable forms of medicinal 24 

preparations that are compact and easily moved around [1]. Several methods used in the preparation of 25 

tablets are direct compression, wet granulation, mass extrusion methods, etc. [2]. The tablet could be 26 

formulated in the immediate or sustained release form. Most conventional or immediate release oral drug 27 

products, such as tablets and capsules, are formulated to discharge the API instantly when taken orally. 28 

There is no modification of drug release rate when an immediate release or conventional medicinal 29 

products are designed. The understanding of the instant-release pharmaceutical products is that their use 30 

results in moderately swift drug absorption and the onset of action [3]. Immediate release solid oral 31 

dosage forms are categorized as either having rapid or slow dissolution rates and include those dosage 32 

forms for which  85 % of the considered amount of API dissolves within 30 min. The major hindrance to 33 

drug release is simply the disintegration.  34 
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The capability of the API in a medicinal product to be absorbed by the body hinge on its bioavailability 35 

which, in turn, depends on the solubility of the API in the gastrointestinal fluids as the drug passes 36 

through the intestines. All these will be achieved if the tablet disintegrates. Disintegration opposes the 37 

binding forces which hold the particles that made up the tablets when it is compressed [4]. To improve 38 

dissolution and hence bioavailability of any medicinal product from immediate-release tablets, 39 

disintegration is one of the significant process [5, 6]. The excipients known as disintegrants are therefore 40 

added to a tablet or capsule blend to help in the break-up of the compacted mass or tablet when it is in 41 

contact with a liquid. Disintegrants are employed in immediate release tablets to increase dissolution and 42 

hence bioavailability of any drug [7-10].  43 

Tablet disintegration may occur by swelling, porosity/capillary (wicking), deformation, etc. The 44 

disintegrants that yield their action through swelling when in contact with water overcome the 45 

adhesiveness of other ingredients in the tablet, causing the compacted mass to crumble. However, those 46 

that do not swell are thought have the mechanism of working through porosity and capillary action. Tablet 47 

porosity delivers channels for the saturation of fluid into tablets. For that to occur, a liquid is drawn up or 48 

“wicked” into these paths through capillary action and break the inter-particulate ties causing the tablet to 49 

break apart. Considering disintegrant action by deformation, starch grains are largely thought to be 50 

“elastic” in nature. This means that grains that are distorted under pressure will regain their initial shape 51 

when that pressure is no more there. But, with the compression forces involved in tabletting, these grains 52 

are believed to be deformed more permanently and are said to be “energy-rich” with this energy being 53 

released upon exposure to water. In other words, the ability for the starch to swell is higher in the “energy-54 

rich” starch grains than it is for starch grains that have not been deformed under pressure. It is believed 55 

that no single mechanism of disintegration is responsible for the action of most disintegrants. But rather, it 56 

is more likely the result of inter-relationships between these major mechanisms. 57 

Starch has been in use as a disintegrant. Maize starch or potato starch was known to cause tablet 58 

disintegration and is still in use in the concentration 5-10 % [11]. In addition to starch, other disintegrants 59 

include pregelatinised starch (Starch 1500, with effective use concentration between 5-10 % w/w), 60 

microcrystalline cellulose (Avicel 
(R)

, the concentration of use, 10-20 % w/w), etc. 
 
Due to the increase in 61 
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the demand for faster dissolution, a set of new disintegrants designated as superdisintegrants are now 62 

available. They swell to a great extent when in contact with water. They include the modified starches 63 

such as sodium starch glycolate (Explotab, Primogel, effective at 4-6 % w/w, functioning by rapid and 64 

extensive swelling with minimal gelling), the cross-linked polyvinylpyrrolidone, a water-insoluble and 65 

strongly hydrophilic substance functioning by water wicking, swelling and possibly some deformation 66 

recovery with effective concentration of 2-4 % w/w) and the modified cellulose internally cross-linked form 67 

of sodium carboxymethylcellulose (Ac-Di-Sol
®
), functions by wicking due to fibrous structure and swelling 68 

with minimal gelling. It has effective concentration of 1-3 % w/w (direct compression), 2-4 % w/w (wet 69 

granulation) [11].  70 

In this work, a new hydrophilic cellulose matrix (I-hydrocel) derived from the tuber of Ipomoea batatas is 71 

investigated as a tablet disintegrant using maize starch BP for comparison. The processing and 72 

physicochemical properties of I-hydrocel have been documented [12]. 73 

  74 
 75 

2. MATERIAL AND METHODS 76 

 77 

2.1 Materials 78 

The following materials were used as procured and includes magnesium stearate (BDH, England), 79 

lactose (SureChem, UK), ethanol (96%), hydrochloric acid (HCl) (JHD, China), gelatin, maize starch 80 

(BDH, England), sodium hypochlorite, 3.5 % w/v (Multipro, Nigeria), n-hexane (JHD, China), paracetamol 81 

(Cipla, India). I-hydrocel was processed in the Department of Pharmaceutics and Pharmaceutical 82 

Technology laboratory, Faculty of Pharmaceutical of Sciences, University of Port Harcourt, Port Harcourt, 83 

Nigeria.  84 

2.2 Methods 85 

2.2.1 Preparation of a novel hydrophilic cellulose matrix (I-hydrocel) 86 

This was prepared using the procedure documented by Ugoeze, et al (2017) [12]. 87 

 88 

2.2.2 Preparation of granules containing paracetamol  89 
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Using the wet granulation method, three batches of granules containing I-hydrocel (IH) as a disintegrant 90 

in concentrations of 5, 10 and 15 % w/w respectively, added intragranularly were prepared. Each batch 91 

also contains, paracetamol (80.65 % w/w) and gelatin (3.5 % w/w) (as a binder), magnesium stearate (0.5 92 

% w/w as a lubricant) and lactose as a filler. Similar batches of granules were prepared with maize starch 93 

(MS) for comparison. A blend of paracetamol, lactose and I-hydrocel was wet massed in an aqueous 94 

slurry of gelatin. Wet and dry screening stages were carried out with a stainless steel sieves 10 (1.70 mm) 95 

and 16 (1.00 mm) (Retch, Germany). Each drying procedure was carried out in an oven (Memmert, 96 

England) at 60 
o 
C. The granules were stored for further studies.  97 

2.2.3 Granule properties  98 

2.2.3.1 Bulk, tapped and particle densities 99 

A 20.0 g quantity of the granules was employed in the determination of bulk and tapped densities using 100 

Stampfvolumeter (STAV 2003JEF, Germany) [13, 14]. The particle density was determined by 101 

displacement method using a 25 ml pycnometer and n-hexane as a non-solvent [15]. The bulk, tapped 102 

and particle densities of the respective samples were calculated from equations 1, 2 and 3 below 103 

respectively after three replicate determinations: 104 

 ……………………….. .. (1)    105 

 …………………. (2) 106 

 ………………… (3) 107 

Where:   v is the volume of pycnometer, 25 ml, W = weight of empty pycnometer,  108 

W1 = weight of pycnometer and n- hexane, W2= the difference between the W and W1 109 

W3= weight of granules, W4= weight of granules + n- hexane + pycnometer. 110 

 111 

2.2.3.2 Determination of flow properties 112 
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The flow rate of the granules was determined using the funnel method [16].  The angle of repose was 113 

determined using the modified method reported Jones and Pilpel [17]. The angle of repose, θ was 114 

calculated after three replicate determinations from equation 4 below: 115 

        …………………………………………………………. (4) 116 

Where h = the height of the heap, d = base diameter of the heap. 117 

Hausner’s ratio (HR) [18] of the granules was obtained as: 118 

            ………………. ……. (5) 119 

Compressibility Index (CI) [19] of the granules was calculated from equation 6 below: 120 

….. (6) 121 

Porosity (  ) of the granules was determined from the expression in equation 7: 122 

    …………………. (7).   123 

 124 

2.2.4 Compression of tablets 125 

The respective batches of the granules were lubricated with 0.5 % w/w of magnesium stearate and 126 

compressed at a pressure of about 4.0 - 4.5 kgF using a single punch tableting machine (Cadmach single 127 

punch automatic tablet machine, model SSF3, India) fitted with a punch of diameter,12.5mm and a 128 

rounded lower punch curvature. 129 

2.2.5 Evaluation of tablet properties  130 

The evaluation of the tablet properties was carried out using the methods outlined in the British 131 

Pharmacopeia (BP, 2012) [20]. Tablets were examined for colour, odour, shape, taste and texture. The 132 

uniformity of tablet weight was studied with 20 tablets (Mettler, Germany) while 10 tablets were used to 133 

evaluate for tablet hardness and thickness respectively using a diametrical digital tablet hardness tester 134 
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(Veego, India). The friability of 10 tablets from each batch was determined in tablet friabilator (Erweka 135 

TAR 220, Germany).  136 

The tensile strength [21] of the tablets were calculated from equation 8 below: 137 

 138 

 …………………………………… (8) 139 

 140 

Where T = radial tensile strength, t = tablet thickness, d = tablet diameter. 141 

A total of 6 tablets per batch was utilized to study the disintegration time using a tablet disintegration 142 

apparatus (Erweka, ZT 122, Germany) in 900 ml of 0.1 N HCl maintained at 37 ± 1 °C. Dissolution rate 143 

studies were carried out in a dissolution apparatus (Erweka DT600, Germany). The rotating paddle 144 

method of the United States Pharmacopeia (USP, 2007) [13] was used in 900 ml of 0.1 N HCl at 37 ±1
o 

C 145 

at a paddle speed of 50 rpm [13]. A 5 ml of dissolution sample was withdrawn at predetermined intervals 146 

of 10, 20, 30, 40, 50, 60 min and replaced with the same volume of 0.1 N hydrochloric acid at the same 147 

temperature. The absorbance of the each sample solution was determined in an ultraviolet (UV) 148 

spectrophotometer (Jenway, model 6405, England) at a wavelength of 245 nm. The T50 and T80 of each 149 

batch of tablets were determined.  150 

Statistical analysis 151 

All the statistical analysis was performed using IBM SPSS Statistics 20 software. 152 

  153 
 154 

3. RESULTS AND DISCUSSION 155 

 156 

3.1 Granule properties 157 

The granule properties are shown in Table 1. The results of the densities and flow properties showed that 158 

the granules are flowable and compressible. 159 

 160 

 161 
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Table 1:  Granule properties 162 

 

Ingredient 

I-hydrocel (IH) Maize starch (MS) 

Batch Batch 

5%w/w  10%w/w 15%w/w 5%w/w 10%w/w 15%w/w 

Flow rate (g/s) 7.59±0.66 9.69±0.45 10.88±0.61 10.15±0.88 9.45±0.66 9.85±0.72 

Angle of 
repose (deg.) 

35.17±0.18 36.87±0.10 34.94±0.19 33.94±1.54 34.43±0.25 34.66±0.11 

Bulk density 
(g/ml) 

0.36±0.02 0.37±0.01 0.38±0.03 0.36±0.01 0.37±0.01 0.39±0.01 

Tapped 
density(g/ml) 

0.38±0.01 0.42±0.01 0.44±0.02 0.43±0.01 0.44±0.01 0.45±0.01 

True density 
(g/ml) 

1.02±0.18 1.06±0.22 1.19±0.02 1.00±0.28 1.06±0.10 1.16±0.13 

Porosity (%) 64.71±0.01 65.09±0.01 68.07±0.02 64.00±0.02 65.09±0.01 66.64±0.02 

Hausner’s 

ratio 

1.06±0.02 1.14±0.01 1.16±0.01 1.18±0.02 1.19±0.02 1.15±0.02 

Carr’s index 
(%) 

5.26±0.68 11.91±0.72 13.64±2.44 16.27±1.39 15.91±1.38 13.33±1.48 

 163 

3.2 Tablet properties 164 

The tablet properties are presented in Table 2. The uniformity of weight of the respective batches of the 165 

tablets was within acceptable range. The British Pharmacopeia [20] allows a limit of 5 % maximum 166 

variation in tablet weight for tablets weighing more than 324 mg. In all the tablet batches studied, the 167 

variation in weight falls within the range, 0.39-2.79%. 168 

The respective batches of tablets prepared with either IH or MS disintegrated in less than 15 min. The BP 169 

(2012) specifies a maximum disintegration time of 15 min for conventional or immediate release tablets. 170 

However, for each corresponding concentration of disintegrants, the tablets prepared with MS 171 

disintegrated in lesser time than those containing IH (P = 0.000). 172 
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The tablets prepared with either IH or MS showed good values for friability. Tablet friability less than 1 % 173 

is acceptable for uncoated tablets for immediate release [22]. Though, tablet friability was generally below 174 

unity across the disintegrants, statistically, there was no significant difference for the friability between the 175 

tablets containing  5 % w/w IH and 5 % w/w MS, 15 % w/w IH and 10 % w/w MS, 15 % IH and 15 % w/w 176 

MS (P= 0.000).  177 

Considering the tablet hardness, tensile strength or hardness friability ratio (HFR), the tablets prepared 178 

with MS presented with higher mechanical strength than those containing IH at all the concentrations 179 

studied (P = 0.000).   180 

Table 2: Tablet properties 181 

 182 

Ingredient I-hydrocel Maize starch 

Batch Batch 

5 % w/w 10 % w/w 15 % w/w 5 % w/w 10 % w/w 15 % w/w 

Weight (mg) 
627.95 

±1.48 

635.25 

±2.75 

622.42 

±1.53 

637.32 

±6.15 

631.54 

±1.60 

633.14 

±1.50 

Disintegratio

n (min) 

9.92 

±0.07 

4.92 

±0.07 

3.41 

±0.44 

7.64 

±0.59 

4.60 

±0.40 

3.22 

±0.24 

Friability (%) 
0.93 

±0.04 

0.80 

±0.03 

0.70 

±0.02 

0.92 

±0.03 

0.70 

±0.02 

0.79 

±0.10 

Hardness 

(kgF) 

3.31 

±0.19 

7.17 

±0.08 

8.45 

±0.26 

5.27 

±0.23 

6.61 

±0.09 

10.64 

±0.28 

Thickness 

(mm) 

4.61 

±0.03 

3.83 

±0.06 

4.11 

±0.10 

4.99 

±0.11 

5.01 

±0.39 

4.47 

±0.12 

HFR 
3.67 

±0.12 

9.43 

±0.15 

12.74 

±0.14 

5.77 

±0.13 

9.57 

±0.14 

16.07 

±0.18 

Tensile 

Strength 

37.22 

±0.15 

95.69 

±0.21 

106.68 

±0.67 

56.36 

±1.75 

67.43 

±0.14 

123.48 

±0.17 
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(N/m
2
) 

 183 

Figure 1 represents the dissolution profile for the different batches of tablets containing either IH or MS. 184 

Though the USP (2007) [13] specifies that not less than 80% of the labelled amount of paracetamol is 185 

expected to dissolve in 30 min in vitro, each of the batch of tablets prepared with either IH or MS at every 186 

concentration released above 80 % of its paracetamol content before 30 min (T80 < 30 min) and T50 was 187 

generally less than 10 min. 188 

 189 
 190 
 191 

 192 
 193 
 194 

Figure 1: Dissolution profile for tablets prepared with various concentrations of I-hydrocel or maize starch 195 

BP 196 

 197 

4. CONCLUSION 198 

The study evaluated the suitability of I-hydrocel, a new hydrophilic cellulose matrix derived from the 199 

tubers of Ipomoea batatas as a tablet disintegrant in comparison with the long existing tablet disintegrant, 200 

maize starch. The general results of the tablet properties indicated that I-hydrocel compared favourably 201 

with maize starch and could serve as a veritable substitute to maize starch. 202 

 203 
 204 

UNDER PEER REVIEW



11 
 

CONSENT  205 

 206 
It is not applicable 207 

 208 
 209 

ETHICAL APPROVAL  210 
 211 

It is not applicable 212 

REFERENCES 213 

 214 

1. Peter Davies. Oral solid dosage forms. In: Mark Gibson (editor). Pharmaceutical formulation and 215 

preformulation: A Practical Guide from Candidate Drug Selection to Commercial Dosage Form 216 

(2
nd

 ed.), Informa Healthcare, 2009, New York. P. 367.  217 

 218 

2. Ghosh R, Bhuiyan MA, Dewan I, Ghosh DR, Islam A. Immediate Release Drug Delivery System 219 

(Tablets): An overview. International Research Journal of Pharmaceutical and Applied Sciences. 220 

2012; 2: 88-94. 221 

 222 

 223 

3. Leon Shargel; Andrew B.C. Yu (2016). Introduction to Biopharmaceutics and Pharmacokinetics. 224 

In: Leon Shargel, Susanna Wu-Pong, Andrew B.C. Yu (editors). Applied Biopharmaceutics & 225 

Pharmacokinetics, (7
th
 edition). McGraw-Hill Education, 2016, New York. P….. 226 

 227 
 228 

4. Pande V, Karale P, Goje P and Mahanavar S. An Overview on Emerging Trends in Immediate 229 

Release Tablet Technologies, Austin Therapeutics. 2016; 3(1): 1026. 230 

 231 
5. Jigar A Patel, Jitendra S. Patel, Arjun Sony, Hemangi J Patel. Formulation and Evaluation of 232 

Immediate Release Tablet of Azithromycin by Dry Granulation Method Using Super Disintegrants, 233 

American Journal of PharmTech Research. 2011; 1(4):211-218. 234 

 235 

6. Hitesh P. Patel, Preeti Karwa, Rama Bukka, Nitesh J. Patel.  Formulation and Evaluation of 236 

Immediate Release Tablets of Zolpidem Tartrate by Direct Compression. International Journal of 237 

Pharmaceutical Sciences Review and Research, Volume 7, Issue 2, March – 238 

April 2011; Article-014. 239 

 240 

 241 

7. Jishan Ali Ahmed. A Review on Immediate Release Tablet Dosage Form. International Journal of 242 

Pharmacy & Pharmaceutical Research. 2015; 2: 1-17. 243 

 244 

8. Ahmed S, Nazmi M, Hasan I, Sultana S, Haldar S, Reza S. Fexofenadine HCL Immediate 245 

Release Tablets: In Vitro Characterization and Evaluation of Excipients. Bangladesh 246 

Pharmaceutical Journal. 2013; 16: 1- 9. 247 

 248 

 249 

9. Das A, Bhanja S, Srilakshmi N. Formulation and Evaluation of Quetiapine Immediate Release 250 

Film Coated Tablets. Asian Journal of Pharmaceutical and Clinical Research. 2013; 6: 109-114. 251 

 252 

UNDER PEER REVIEW



12 
 

10. Kilor V, Sapkal N, Awari J, Shewale B. Development and Characterization of Enteric-Coated 253 

Immediate-Release Pellets of Aceclofenac by Extrusion/ Spheronization Technique using 254 

Carrageenan as A Pelletizing Agent. American Association of Pharmaceutical Scientist 255 

Pharmaceutical Science and Technology. 2010; 11: 336-343. 256 

 257 

11. John C Carter. The role of disintegrants in solid oral dosage manufacturing,  258 

Carter Pharmaceutical Consulting, Inc. Available from: 259 
http://www.carterpharmaceuticalconsulting.com/articles/The-role-of-disintergrants.html. Retrieved 260 
on 29

th
 September 2017. 261 

12. Ugoeze KC, Nwachukwu N, Anumaka FC, Ezioka GN. Studies on a hydrophilic cellulose matrix 262 

derived from Ipomoea batatas tubers     I: Processing and physicochemical properties. Indo 263 

American Journal of Pharmaceutical Research, 2017; 7(08):638-645. 264 

13. United States Pharmacopoeia, USP30 NF 25 (2007). United States Pharmacopeial Convention, 265 

Rockville. 266 

14. Pharmacopeial Forum, 31(3): 2005, 909. United States Pharmacopeial Convention, Rockville.  267 

Available from: http://www.uspnf.com/pharmacopeial-forum. Retrieved on 30
th
 September 2017. 268 

15. Odeku OA, Awe OO, Popoola B, Odeniyi MA, Itiola OA. Compression & mechanical properties of 269 

tablet formulations containing corn, sweet potato and cocoyam starches as binders, Pharm. 270 

Technol. 2005, 29(4): 82-90.  271 

16. Carstensen JT, Chan FC. Flow rates and repose angle of wet-processed granulations. J. Pharm. 272 

Sci; 1977, 66: 1235. 273 

 274 

17. Jones TM, Pilpel N. The flow properties of granular magnesia. J. Pharm. Pharmacol; 18, 1966, 275 

81-93.  276 

 277 
18. Hausner HH. Friction conditions in a mass of metal powder; J. Powder Metal. 1967, 3: 7-13. 278 

 279 

19. Carr R. Classifying flow of solids. Chemical Engineering, 1965, 72:69-72.  280 

 281 

20. British Pharmacopeia. Her Majesty’s Stationery Office, 2012, London. 282 

 283 

21. Fell JT, Newton JM. Determination of tablet strength by the diametral compression test. J. Pharm. 284 

Sci. 1970; 59: 688-691. 285 

 286 

22. Kapil C, Bharat P, Abhishek C, Varun T. Formulation and evaluation of fast dissolving tablets of 287 

telmisartan. Int. Journal of Pharmaceutical Sciences and Research, 2013; 4(4): 1514-1520. 288 

UNDER PEER REVIEW


