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ABSTRACT 

Niacin and lovastatin are lipid-altering agents but differ in physicochemical properties. Niacin (nicotinic acid, pKa of 2.17) is a BCS class 1 drug with 

the plasma half-life about 20 to 48 min, while lovastatin (pKa 13.49) is classified as BCS class 2 with half-life 4.5 h. This project was originally set to 

design a tablet containing 250 mg niacin and 20 mg lovastatin. The in vitro dissolution methodology for Niacin ER/Lovastatin tablet was adopted 

from FDA Dissolution Method Database. During the early formulation stages, lovastatin was found unstable in the acidic medium. When the solvents 

were prepared as 0.1 N HCl to simulate gastric medium or phosphate buffer pH 4.5 as duodenum medium, unidentified chromatographic peak in 

addition to the lovastatin peak was recorded in Agilent HPLC software. Since niacin is a rather acidic compound, we felt that from product storage 

stability viewpoint these two drugs are not to be compounded together. This led to the development of a delayed- then extended-release 20 mg 

tablet (without niacin) in order to target the release of lovastatin in the small intestine.  

Keywords: Physical bonding, Beta-cyclodextrin, Complexation, USP dissolution apparatus 2, Gastrointestinal transit, Differential scanning 

calorimetry. 

 

INTRODUCTION 

Niacin, a B-complex vitamin, deficiency results in pellagra, a chronic 

wasting disease characterized by dermatitis, dementia and diarrhea. 

Hypolipidemic response to niacin therapy is the main medicinal use 

of Niacin in the U.S. today[1].Lovastatin, an inhibitor of 3-hydroxy-3-

methylglutaryl-coenzyme A reductase[1],has been shown not 

merely caused cholesterol to be lost from low density lipoprotein C, 

but also reduces the concentration of circulating LDL particles[2]. In 

addition, lovastatin can increase variable magnitude in high density 

lipoprotein-C, and modestly reduces very low density lipoprotein C 

and plasma triglyceride[2,3].  

Vitamin B3 is made up of niacin (nicotinic acid) and its amide, 

niacinamide. Both have equivalent vitamin activity, but only niacin 

(not niacinamide) has been used since the 1950s to lower elevated 

low density lipoprotein ("bad") cholesterol and triglyceride (fat) 

levels in the blood[4]. It is more effective in increasing high density 

lipoprotein ("good") cholesterol levels than other cholesterol-

lowering medications[4]. Niacin, a white nonhygroscopic crystalline 

powder with melting point (mp) 236.6oC[5], is recognized as a 

Biopharmaceutical Classification System (BCS) Class 1 due to its 

high water solubility and high permeability property (pKa 2.17[7,8] 

and log P 0.82[6]). The plasma half-life for niacin is about 20 to 48 

min after oral administration[1] and is primarily excreted in urine as 

metabolites[1]. Lovastatin, mp 174.5oC[5], is recognized as BCS Class 

2 (poor water solubility and high permeability). Its pKa is 13.49[7,8] 

and log P is 4.07, but is low in oral bioavailability (< 5%) due to 

extensive hepatic extraction. The plasma half-life for lovastatin was 

about 4.5 h in single-dose studies[1,2]. And in a reported study for 

an oral dose of radiolabeled lovastatin in man, 10% of the dose was 

excreted in urine and 83% in feces[1,2]. The percentage found in 

feces represents absorbed drug equivalents excreted in bile, as well 

as any unabsorbed drug[2].  

There is no dissolution guideline inside USP-NF 2013 (cUSP)[9]for 

lovastatin extended-release (ER) tablet and the niacin ER/lovastatin 

tablet. Nevertheless, to aid industry personnel in developing generic 

drug products, the FDA Dissolution Method 

Database[10]recommended by the Division of Bioequivalence, Office 

of Generic Drugs is for drugs which do not presently have explicit 

test methods in the cUSP. Consequently, dissolution method for 

lovastatin/niacin tablet product is available in this FDA 

database[10], but the quantification assay is not specified. Since the 

two drugs used in this formulation model are remarkably different 

in pKa, aqueous solubility and plasma t1/2, it was doubtful whether a 

single high-performance liquid chromatographic (HPLC) or 

ultraviolet spectrophotometric assay might be able to quantify both 

drugs simultaneously. Therefore, this project considered the 

development of effective quantification methods as its second aim. 

The third aim was to achieve an innovative tablet design containing 

niacin/lovastatin (250mg ER/20mg ER). Niacin is known to have a 

plasma half-life of about 30 min4 and that of lovastatin was reported 

as about 4.5 h in single-dose studies[1,2].The tablet innovation 

would be expected to have a 10-h niacin release profile in an in vitro 

test. Formation of pellets/tablet in a capsule, tablet/tablet in a 

capsule, and double layer tablets would potentially fulfilled this 

third goal. The fourth aim was to design a delayed-then-extended-

release (DR-then-ER) tablet of lovastatin if niacin and lovastatin 

were found not suitable to formulate into a single dosage form due 

to different physicochemical properties. 

MATERIALS AND METHODS 

Materials 

Niacin reference standard (RS) was purchased from Sigma-Aldrich 

(St. Louis MO) while Lovastatin USP from Toronto Research 

Chemicals (Toronto, Canada). Niacin (nicotinic acid) USP, acacia, 

beta-cyclodextrin (β-CD), carbomer (Carbopol 940), carnauba 

wax, ethyl alcohol USP 200 Proof, magnesium stearate, palmitic 

acid, polyethylene glycol 3350, polyethylene glycol 8000, Povidone 

USP 30, silicon dioxide, sodium ascorbate, stearic acid, sucrose and 

white beewax were purchased from Professional Compounding 

Company of America, Houston, TX. Avicel PH 101, Avicel PH 200 

(microcrystalline cellulose) were gifts of FMC Co. (Newark, DE). 

Methocel K4M CR (hydroxypropyl methylcellulose) was gift of 

Colorcon (West Point, PA). Eudragit L 30D-55 was gift of Evonik 

Degussa Co. (Piscataway, NJ). Kollidon 30 (polyvinyl pyrrolidone) 

and Kollidon VA 64 (Copovidone) were obtained from BASF Co. 

(Parsippany, NJ). Gelucire 44/14, Gelucire 50/13 and Suppocire 

AP Pastilles were gifts from Gattefosse. Acetonitrile, Explotab 

(sodium starch glycolate), glacial acetic acid, hydrochloric acid 

(36.5-38.0%), methanol, polyethylene glycol 20M (modified PEG), 

sodium 1-hexanesulfonate, sodium hydroxide, sodium dodecyl 

sulfate (SDS, also known as sodium lauryl sulfate, SLS), sodium 

tribasic phosphate dodecahydrate, and 25 mm syringe filters with 

0.2 m nylon membrane were obtained from VWR International 

(Bridegwater, NJ). 
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Methods 

Three different Niacin ER/Lovastatin ER oral solid dosage 

formulations developed in the early stage of the project were 

adopted from our previous experience in formulating niacin ER 

capsules[11], and formulating niacin ER tablets[12]. Briefly 

described in the below is how the three formulations were prepared. 

Niacin ER 250 mg Pellets and Lovastatin ER 20 mg Minitablet in 

Size 00 Gelatin Capsule 

Fabrication of Niacin ER Pellets 

Candidate materials were selected to embed highly water soluble 

niacin in a lipophilic matrix in order to control its release profile. 

These included white wax and Gelucire 43/01 (C12-C18 glyceride). 

The first step of the pellet-making process was melting together the 

lipophilic excipients in a glass beaker. The mp of white wax is 61-

65oC and that of Gelucire 43/01 is 44-48oC[9]. The other excipients 

(Table I-a) were then added to the melted substances and 

continuously stirred with a glass stir rod to ensure homogeneous 

dispersion of all ingredients. Before complete cooling and re-

solidification of the lipophilic excipients, the formulation was 

blended into a cohesive doughy mass and removed from the beaker. 

The mass was then further blended on a tile plate. Once the mass 

was thoroughly kneaded, it was pushed through sieve holes to form 

granules. The granules were then manually spheronized to create 

round shaped pellets. Pellet flowability and size distribution were 

next characterized[11]. Finally, the shaped pellets were once again 

sieved through size 16 (1.18 mm) or size 20 (0.85 mm) sieves to 

ensure a relatively homogeneous size distribution prior to being 

stored in a container.  

Fabrication of Lovastatin ER 20 mg Minitablet 

Lovastatin was blended in a glass beaker with carnauba wax and 

heated on a hot plate until carnauba sax was melted (melting point 

82 - 85.5oC). After removed from heat and allowed to cool to room 

temperature, the mixture was transfer to a mortar and ground with 

a pestle to reduce its particle size. Avicel PH200, sodium starch 

glycolate and Kollidon VA 64 were added and triturated to mix well 

(Table I-b) and then passed through a size 18 sieve to achieve 

homogeneous particle distribution. The mixture containing 22 mg 

(110% of 20 mg) of lovastatin was then compressed into a single 

minitablet by a rotary press (Health Star, Type: JC-RT-16H, Jenn-

chiang Machinery Co. Inc., Taiwan) with the setting of pre-pressure 

at 14.8/5.0, depth 15/21 and main pressure 20/0. The tablet 

compression tooling used in this project was the D type of TSM 

standard[13,14]. Next, a calculated specific weight having the 

required niacin strength, 275 mg (110% of 250 mg), was filled into a 

size 00 hard gelatin capsule with a 22 mg (110% of 20 mg) 

lovastatin minitablet in it (Figure 1a). 

Niacin ER 100 mg Minitablet and Lovastatin ER 20 mg 

Minitablet in a Size 00 Gelatin Capsule 

The formulation of lovastatin 20 mg minitablet is the same as that 

described in the previous paragraph. Niacin 100 mg minitablet was 

manufactured as below. Due to the capability of a size 00 gelatin 

capsule might hold, 100 mg was selected as the strength for niacin. 

Niacin was mixed with carnauba wax and stearic acid (Table I-c) and 

then heated on a heating plate until carnauba wax was melt (mp 82- 

85.5oC[15]). Immediately removed from heat, the rest of excipients 

were added and mixed. Once cooled to room temperature, the solid 

mixture was transferred to a mortar and ground by a pestle to 

reduce its particle size. The granules were then passed though sieve 

sizes 18. Those granules larger than this size was returned for 

recycle. After the particles were harvested, yield percentage was 

calculated to determine the amount of mixture required to have the 

desired niacin strength, 100 mg, prior to compress into a core tablet. 

Prepressure, depth and main pressure[13,14]were adjusted to 

14.8/5.0, 15/21 and 0/6, respectively. The core tablet passed 

friability test for less than 1% loss[9]. One minitablet of niacin and 

one minitablet of lovastatin were then loaded into a size 00 gelatin 

capsule (Figure 1b). 

 

Table I: Composition of niacin and lovastatin formulated into oral ER dosage forms, respectively: (a) niacin pellets, (b) lovastatin 

minitablets and (c) niacin minitablets. 

(a) 

Ingredient Function Amount (% w/w) 

Niacin Active ingredient 63.4 

Carbomer 940 Controlled-release agent 5.8 

Gelucire 43/01 Lipophilic base 11.5 

Docusate Sodium Surfactant  0.9 

White Wax Lipophilic base 18.4 

 

(b) 

Ingredient Function Amount (% w/w) 

Lovastatin Active ingredient 3.65 

Carnauba Wax Sustained-release agent 24.9 

Avicel PH 200  

(Microcrystalline Cellulose) 

Tablet diluent; tablet disintegrant 33.2 

Sodium Starch Glycolate Disintegrant 33.2 

Kollidon VA 64 Tablet Binder 5.0 

 

(c) 

Ingredient Function Amount (% w/w) 

Nicotinic Acid  Active Ingredient 66.5 

Carnauba Wax Hydrophobic Base for Sustained Release 23.4 

Stearic Acid  Hydrophobic Base/Lubricant 0.56 

Carbomer 940 NF  Release Modifying Agent; Tablet Binder 1.13 

Hydroxypropyl Methylcellulose  

(Methocel K4M CR) 

Rate-Controlling Polymer 5.64 

Sodium Starch Glycolate (Explotab) Disintegrant 1.13 

Povidone (Kollidon VA 64) Binder 1.61 
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(a)      (b) 

Fig. 1: Niacin and lovastatin were developed into two different capsule dosage forms: (a) lovastatin 22 mg (110% of 20 mg) minitablet and 

pellets containing niacin 275 mg (110% of 250 mg) in a size 00 gelatin capsule, (b) lovastatin 22 mg minitablet and niacin 110 mg 

minitablet in a size 00 capsule. A US dime (ten cent coin) was included in the photos to reference the capsule size. Due to the space 

availability within the capsule, a 22 mg lovastatin tablet and a 110 mg niacin tablet were packaged together (Fig. b). 
 

Niacin ER 325 mg and Lovastatin ER 20 mg Two-Layer Tablet 

Design 

Niacin was mixed with carnauba wax and stearic acid in a glass 

beaker and heated on a heating plate until carnauba wax was melt 

(mp 82- 85.5oC[15]). Once cooled, the solid mixture was transferred 

to a mortar and ground by a pestle and further mixed with 

Carbomer 940 NF, Methocel K4M CR, sodium starch glucolate and 

Kollidone VA 64 prior to being compressed into capsule shape tablet 

(caplet) (Table II). Pre-pressure, depth and main pressure were 

chosen at 16/0, 19.2/7 and 24/0 respectively. Lovastatin, 

magnesium Stearate, SDS and Avicel PH100 were mixed to pour on 

top of niacin caplet which was laid in the die of our rotary press and 

compress into the two layer niacin/lovastatin caplet (Figures 2a-c). 

The pre-pressure and main pressure remained the same as those of 

the first compression, but depth has changed to 19.2/11 due to 

addition of the second layer ingredients (Figure 2c). 

 

Table II: Compositions of the two-layer tablet with both niacin and lovastatin designed into ER format. 

Ingredient Function For 10 tablets (mg) 

Yellow Thick Layer   

 Niacin Active ingredient 3250  

 Carnauba Wax Hydrophobic Base for Sustained-Release 1257  

 Stearic Acid Hydrophobic Base/Lubricant 30  

 Carbomer 940 NF Release Modifying Agent; Tablet Binder 61 

 Hydroxypropyl  

Methylcellulose 

(Methocel K4M CR) 

Rate-Controlling Polymer 303 

 Sodium Starch Glycolate 

(Explotab) 

Disintegrant 61 

 Kollidone VA 64 Binder 87 

White Thin Layer   

 Lovastatin Active ingredient 240 

 Magnesium Stearate Tablet lubricant 25 

 Sodium Lauryl Sulfate Tablet lubricant, wetting agent, surfactant 62.5 

 Avicel PH100 Tablet diluent; tablet disintegrant 250 
 

 

       (a)       (b)             (c)  

Fig. 2: Niacin and lovastatin two-layer tablet. Mixture containing 325 mg niacin was compressed into the yellow layer first while mixture 

containing lovastatin of 22 mg was then compressed to form the top white layer. A US dime (ten cent coin) referenced the tablet size. 

Some formulations failed to pass the friability test are shown in Figures (a) and (b) prior to the workable candidate, Figure (c), developed. 

High Performance Liquid Chromatographic and Ultraviolet 

Spectrophotometric Conditions 

Standard Curves Constructed by UV Spectrophotometry 

Hewlett Packard (Model 8453) was the UV Spectrophotometer used 

in this project. The linearity of niacin standard curve in 0.1N HCl 

ranged from 0.001 to 0.4 mg/mL, while that in pH 6.8 phosphate 

buffer was from 0.0016 to 0.9 mg/mL and in pH 7.2 phosphate 

buffer with coefficients of determination (R2) greater than 0.999 

(data not shown). This project proved that niacin standard curves 

and dissolution samples in 0.1N HCl can be quantified with either 

HPLC or UV method. Lovastatin standard curves in 0.1 N HCl and 

0.09% SDS are linear in the test range of 0.24 to 24 mcg/mL; while 

that in pH 6.8 phosphate buffer and 0.5% SDS was linear from 0.75 

to 6 mcg/mL; in pH 7.0 phosphate buffer with 0.5% SDS was from 

0.75 to 30 mcg/mL; and in pH 7.2 phosphate buffer with 0.5% SDS 

was from 0.45 to 45 mcg/mL with coefficients of determination (R2) 

greater than 0.999 (data not shown). 
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Liquid Chromatographic Condition for Niacin 

The liquid chromatographic system used in this project was 

manufactured by Thermo Separation with a pump (model P400), UV 

detector (model UV 1000), an auto sample (model AS3000) and 

ChromQuest software. The column used was X-Terra RP18, 5 m, 4.6 

x 250 mm with Guard Column used, WAT 044480. Both were 

products of Waters Co. (Milford, MA). Mobile phase was adapted 

from cUSP9 (water : methanol : glacial acetic acid, 73/27/1). Each 

100 mL was added 140 mg of sodium 1-hexanesulfonate to make 

into mobile phase. This mobile phase was rather acidic (pH < 3). The 

reason for using such low pH mobile phase was based on the pKa of 

niacin which is approximate 2.17. The absorbance wavelength was 

chosen at 262 nm after a niacin standard sample was scanned by the 

ultraviolet spectrophotometer (Hewlett Packard, Model 8453). The 

flow rate was set at 0.43 mL/min. The injection volume was selected 

as 50 microliters with run time 15 min for each sample. 

Liquid Chromatographic Condition for Lovastatin 

The same liquid chromatographic system with the same column and 

guard column were employed to quantify lovastatin. Mobile phase 

preparation was taken from cUSP9: filtered and degassed mixture of 

acetonitrile and dilute phosphoric acid (65:35). The dilute 

phosphoric acid was made by transferring 1 mL of phosphoric acid 

to a 1-liter volumetric flask and then diluted with water to the 

volume. The lovastatin absorbance wavelength was determined by 

UV scan at 239 nm. The flow rate was set at 1.0 mL/min and 

injection volume 20 microliters. Run time was 12 min per cycle. The 

Lovastatin chromatogram retention time was noted at 8.05 min. But 

an unidentified chromatographic peak was also noted in 5.8 min 

when lovastatin was exposed to acidic medium (data not shown).  

Experimental Design of Testing Whether Lovastatin is Labile to 

Gastric Medium Acidity 

Testing that lovastatin is acid labile was designed as follows. 

Lovastatin USP of 7.5 mg was dissolved in 50 mL of acetonitrile first, 

because this chemical is poorly water soluble. Acetonitrile is not an 

environmental friendly solvent. Therefore, lovastatin was further 

diluted by taking one mL of this solution to mix with acetonitrile into 

15 mcg/mL stock solution. One mL of stock was then used to 

prepare with 0.1 N HCl into 1:1, 1:3 and 1:9 ratios (Table IIIa). The 

same ratio preparation was also done with pH 6.8 phosphate buffer 

(Table IIIb). The AUCs of 5.7 min peak in the samples diluted with 

0.1 N HCl were much larger than those in the samples diluted with 

pH 6.8 (Table IIIc), suggesting lovastatin is possibly acid labile. 

 

Table III: Three different mixture ratios, 1:1, 1:3 and 1:9, diluted from lovastatin stock solution were prepared to test acid lability of this 

active entity (Tables a and b). Table (c) is the chromatographic AUCs in 0.1 N HCl and pH 6.8 phosphate buffer. The AUCs of 5.7 min peak in 

the samples diluted with 0.1 N HCl were much larger than those in the samples diluted with pH 6.8, suggesting lovastatin indeed is acid labile. 

(a) 

150 mcg/mL Acetonitrile 0.1 N HCl Dilution Final Concentration 

Stock (mL) (mL) (mL) Ratio (mcg/mL) 

1  9  0 No dilution 15 

1  4  5 1:1 15 

1  1.5 7.5 1:3 15 

1  0  9 1:9 15 

(b) 

150 mcg/mL Acetonitrile pH 6.8 Dilution  Final Concentration 

Stock (mL) (mL) (mL) Ratio (mcg/mL) 

1  9  0 No dilution 15 

1  4  5 1:1 15 

1  1.5 7.5 1:3 15 

1  0  9 1:9 15 

(c) 

  Diluted with 

0.1 N HCl 

Diluted with  

Phosphate Buffer pH 6.8 

 5.7 min 7.9 min Total AUC 5.7 min 7.9 min Total AUC 

  AUC AUC   AUC AUC  

No Dilution No Peak 577006 577006 No Peak 556672 556672 

1:1 158491 400739 559230 2537 545944 548481 

1:3 215531 319472 535003 6681 518040 524721 

1:9 230063 209067 439130 11627 376253 387880 

 

Innovative DR-Then-ER Tablet of Lovastatin 

After we found lovastatin was acid degradable while niacin 

(nicotinic acid) is a rather acidic compound, the formulation 

endeavor was shifted from the development of two drugs (lovastatin 

and niacin) in a single dosage form into just formulating lovastatin 

alone into a DR-then-ER tablet. Several matrix candidates were 

selected to embed lovastin in order to control its release profile, 

including β-CD[18,19]. The reason is that cyclodextrin is known to 

enhance the solubility of a water poorly soluble drug[18,19]. The 

first step was to physically complex lovastatin and cyclodextrin. One 

gram of lovastatin with 2.806 g of β-CD (in 1:1 molar ratio) and 3mL 

Alcohol USP were blended in a glass beaker by a magnetic spin bar 

(1 x 5/16" in size and 3.9 grams in weight) for 30 min[20]. It was left 

to evaporate to dry over night at room temperature inside a hood. 

The powder mixture was next harvested from the beaker, triturated 

in a mortar and used to test its stability in 0.1 N HCl and pH 6.8 

phosphate buffer with SDS. After proved that lovastatin was stable 

in pH 6.8 (with only one chromatographic peak recorded) but not in 

acidic medium (two chromatographic peaks eluded), an enteric 

coated tablet was then become the choice of design[21].  

The β-CD lovastatin complexed powder with various formulation 

excipients and different composition ratios was examined in 

formulation one at a time. The powder containing 110% of 20 mg of 

lovastatin was then compressed directly into a round disc shape 

minitablet by a laboratory scale Healthstar tablet rotary press (Type 

JC-RT-16H, Jenn-Chiang Machinery Co., LTD, Taiwan) with a die of 

6.35 mm diameter and automotive mode. The tablet compression 

tooling used in this project was the D type of TSM standard[14,15]. 

Core tablet formulation candidates were screened until one which 

has (1) less than 1% loss in a friability test, (2) 7-kilopond hardness 

or greater and (3) a near zero order in vitro release study in Buffer 

Stage 1 (pH 6.8) for 4 h and Buffer Stage 2 (pH 7.2) for 1 to 2 h was 
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identified. The core tablet was then enteric coated with a dispersion 

blended with 15 mL of Eudragit L 30D-55[15], 15 mL water (equal 

amount of Eudragit L dispersion), one drop of red, and one drop of 

yellow colorants.  

The final formulation product was further subjected to in vitro 

dissolution study. The medium used in the USP Dissolution 

Apparatus II[9,16] (paddle method) was 750 mL of 0.1 N HCl and 

0.09% SDS for two h and then adjust medium pH to 6.8 by adding 

250 mL of tribasic sodium phosphate. The dissolution study 

continued 4 h in this pH and then further progressed to pH 7.2 by 

adjusting the medium pH with 2 N NaOH. The dissolution apparatus 

operated for another 1 to 2 h until the entire tablet was dissolved. 

The reason for designing a tablet formulation to finish its drug 

release in 1 to 2 h at pH 7.2 was because lovastatin is small in 

molecular size and may not be absorbed after travelling through the 

proximal colon. Colon is a region with little microvilli for absorption. 

It is full of gas in the transverse colon hindering drug molecular 

transport[22]. The descending colon is not an idea region for drug 

absorption because of the viscous fecal content[23]. Hewlett 

Packard ultraviolet spectrophotometer with a sipper pump at 293 

nm was used to quantify drug release from the novel design which 

contained a solo drug, lovastatin. 

In Vitro Dissolution Study for Testing Lovastatin DR-Then-ER 

Tablet  

The final formulation product was further subjected to in vitro 

dissolution study. The medium used in the USP Dissolution 

Apparatus II[7,18] (paddle method) was 750 mL of 0.1 N HCl and 

0.09% SDS for two h and then adjust medium pH to 6.8 by adding 

250 mL of tribasic sodium phosphate. The dissolution study 

continued 4 h in this pH and then further progressed to pH 7.2 by 

adjusting the medium pH with 2N NaOH. The dissolution apparatus 

operated for another 1 to 2 h until the entire tablet was dissolved. 

The reason for designing a tablet formulation to finish its drug 

release in 1 to 2 h at pH 7.2 was because lovastatin is small in 

molecular size and may not be absorbed after travelling through the 

proximal colon. Colon is a region with little microvilli for absorption. 

It is full of gas in the transverse colon hindering drug molecular 

transport[22,23]. The descending colon is not an idea region for 

drug absorption because of the viscous fecal content[22,23].  

Data Management 

The release data of the studied formulations constructed into the 

release profiles, which were presented as cumulative amount of 

drug release (in mg) verse time (in h) curves, were compared to the 

commercial reference. Excel 2000 (Microsoft) was used to manage 

raw data. Using SigmaPlot 11.0 (Exact Graphs and Data Analysis, 

SYSTAT Software, Inc., Chicago, IL), independent t-test were 

performed for two-group data analysis when normality and equal 

variance met for the total amount of drug release at the end of a 

dissolution or disintegration study. Population differences are 

considered significant at P < 0.05[17].  

RESULTS 

Formulation Of Lovastatin Dr-Then-Er Minitablets 

Total of 55 formulations were undertaken including using β-CD 

before a potential core tablet was identified which owned linear 

release property in Buffer Stage 1 (pH 6.8) medium. Cyclodextrin 

with many subgroups depending on the number of dextrin linked 

into a donut shape. This family is known to increase solubility of 

lipophilic drug in aqueous medium. The cyclodetrxin used in this 

project is a seven-member ring[18,19]with water solubility of 1.8 

g/cm5. Briefly restated the formulation procedure from Method 

section. Lovastatin and β-CD were mixed in 1:1 molar ratioprior to 

addition of 30% ethyl alcohol[21]. The glass beaker holding the 

mixture was covered by parafilm and stirred by a 1 x 3/16” 

magnetic stir bar on Fisher Stir Plat at the speed of 4/10 for 30 min. 

After being left on bench top to evaporate dry overnight, the powder 

was harvested from the beaker to add other excipients and 

compress into core tablet. Hardness tester and friability tests were 

followed to make sure the candidate fulfilled the requirements set in 

the cUSP9, not losing more than 1% of tablet weight. The core tablet 

was then enteric coated by Eudragit 30D-55 (a commercial 

methacrylate ester copolymeric dispersion). The polymer product 

chosen was, manufactured by Evonik[21]. This methacrylic acid 

copolymer is referred as Type A in cUSP9, containing methacrylic 

acid - methyl methacrylate copolymer (1:1). It is also known as 

methacrylic acid copolymer L[9,15]. The composition of the core 

tablet was continued to be modified (Table IV) and the tablet weight 

gain from enteric coating also tested several times. Total of 55 

formula candidates had been investigated. 

Table IV: Composition of lovastatin drug core for the DR-then-

ER tablet, ID #53 to #55. 

Ingredient Amount (in mg) for Core Tablet 

 ID #53 ID #54 ID #55 

Lovastatin β-CD mix 88 88 88 

Kollidon VA 64 8 8 8 

Povidone USP (30) 17 17 16 

PEG 8000 10 12 10 

Total Weight 123 125 122 
 

This succeeded candidate is ID #53, its core tablet is white (Fig. 3). 

After being enteric coated with Eudragit L 30D-55 with red and 

yellow colorants, the weight gain was 4.3±0.5% (n = 6, the orange 

color tablets in Fig. 3). The successful candidate is approximate 130 

mg in total weight. The hardness of its core tablet exceeds 7 

kiloponds. The merit of this innovative design is to prevent gastric 

medium from entering the core tablet which contains acid labile 

lovastatin to be degraded if the enteric coating is properly 

performed to form an intact polymeric coat. Differential scanning 

colorimetry (DSC) experiments conducted in lovastatin, β-CD, 

physical mixture of the two, complexation product of the two, and 

drug-β-CD with other ingredients showed no change of drug melting 

point implying no interaction between active ingredient and 

excipients (Figures 4a – d). The inclusion between lovastatin β-CD 

was physical complexation in nature, no sign of chemical bond 

formed. The melting point of lovastatin remained the same at 

174.5oC whether DSC was conducted with lovastatin alone, or 

inclusion complexed with β-CD or with other core tablet ingredients.  

 

Fig. 3: The Lovastatin DR-then-ER minitablet. The tablet in white 

color is the Lovastatin ER core, weighing approximately 123 mg. 

The orange color tablets are the final product of lovastatin DR-

then-ER tablet, weighing approximately 130 mg. Diameter and 

thickness of this product were referenced by a US dime. 

Differential Scanning Colorimetry of Lovastatin Dr-Then-Er 

Minitables 

Differential scanning colorimetry (DSC) experiements conducted in 

lovastatin, β-CD, physical mixture of the two, complexation product of 

the two, and drug β-CD with other ingredients showed no change of 

drug melting point implying no interaction between active ingredient 

and excipients (Fig. 4 a–d). The inclusion between lovastatin β-CD was 

physical complexation in nature, no sign of chemical bond formed. The 

melting point of lovastatin remained the same at 174.5oC whether DSC 

was conducted with lovastatin alone, or inclusion complexed with β-

CD or with other core tablet ingredients.  
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(a) 

  
(b) 

  
(c) 

 
(d) 

Fig. 4: Differential scanning calorimetric thermograms of ID #53: (a) lovastatin alone, (b) physical mixture of lovastatin and β-CD, (c) 

lovastatin β-CD inclusion complex, (d) lovastatin β-CD complex with other excipients. DSC demonstrated no known degradation in 

Lovastatin β-CD complexation, or Lovastatin β-CD with other excipients. Melting points of Lovastatin5, 174.5o, were similar in all four 

sample preparations. 
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Dissolution Study of Innovative Lovastatin Dr-Then-Er 20 Mg 

Minitablets  

The in vitro dissolution profiles of innovative Lovastatin DR-then-ER 

minitablet (ID #53) and two other candidates, ID #54 and #55, in 

three pH stage dissolution experiment (0.1 N HCl with 0.09% SDS, 

Buffer Stage 1 (pH 6.8) with 0.5% SDS and Buffer Stage 2 (pH 7.2) 

with 0.5% SDS being compared. The profile of ID #53 indicated after 

2 h of lag time in acidic medium protected by the applied enteric 

coat, the release was completed in early colonic pH. Using the in 

vitro data of the ID #53 Lovastatin DR-then-ER minitablet (Figure 

4b), the predicted drug release was modeled. There was almost no 

release in the first 2 h due to DR manner. Then in 2 - 7.5 h the 

cumulative % of release can be predicted by using the below 

equation:  

Cumulative % of Release = 19.25 x Time (in h) + 6.46, R2 = 0.98 

(Equation 1) 

The release profile of ID #54 (Fig. 4a) is 

Cumulative % of Release = 19.47 x Time (in h) + 0.44, R2 = 0.96 

(Equation 2) 

which was less linear than ID #53 (R2 = 0.96 vs. R2 = 0.98) due to the 

2 mg less of PEG 8000 in the formulation.  

It is worth to point out is that when the oral tablet is tiny 

(approximate 130 mg of total weight containing 20-22 mg of 

lovastatin) even 2 mg of ingredient more may change drug release 

per time into two different slopes. The slope of ID #54 in simulated 

colonic medium is surely less than that in simulated small intestinal 

medium (Fig. 4a), while the slope of Lovastatin DR-the-ER minitablet 

(ID #53) remains similar in both Buffer Stage pHs. Due to the 

slightly decrease in Povidone USP 30 (Table IV) used in the 

formulation of ID #55 than that in minitablet ID #53, after 2 h of lag 

time in Acid Stage, this potential candidate finished its drug release 

in 4 h (Fig. 4b), which was expected to be in small intestinal region 

without extending into simulated colonic region using pH 7.2 

phosphate buffer. 

 

 

(a) 

 

(b) 

Fig. 4: The DR-then-ER tablets contained 22 mg (110% of 20 mg) lovastatin alone (without niacin) and in vitro dissolution study of the 

three most optimized formulations. Fig. a is the dissolution profiles of formulation ID #53 and #54 in three pH stage dissolution 

experiment. 0.1 N HCl, Buffer Stage 1 (pH 6.8), and Buffer Stage 2 (pH 7.2). In Fig. b, after 2 h lag time in 0.1 N HCl, lovastatin was 

completely released in 4 h from ID #55 into the Buffer Stage I (pH 6.8) without extending into the simulated colonic medium, Buffer Stage 

II (pH 7.2). This difference was speculatively due to the less amount of Povidone USP 30 used in ID #55. 

0

20

40

60

80

100

120

0 2 4 6 8

C
u

m
u

la
ti

v
e

 %
 o

f 
R

e
le

a
se

Time (h)

ID 53 Batches I and II (n = 6) ID 54 (n = 3)

0

40

80

120

160

0 2 4 6 8C
u

m
u

la
ti

v
e

 %
 o

f 
R

e
le

a
se

Time (h)
ID 53 Batches I and II (n = 6) ID 55 (n = 3)



Chuong et al. 

Int J App Pharm, Vol 5, Issue 3, 2013, 11-18 

18 
 

DISCUSSION 

The function of a pharmaceutical excipient is frequently 

concentration dependent. Carbomer used in formulating niacin 

pellets and minitablets is an example. As gelling agent, 0.5 – 2.0% is 

recommended, while as tablet binder 0.75 - 3.0%, and as controlled-

release agent 5.0 - 30% are to be used[15]. Application of two-layer 

design to fabricate two drug compounds into a single tablet is 

proven feasible during the research stage by using the table press 

described in this paper (Figure 2c). However, there are tablet press 

such as Flexitab (OYSTAR, Manesty Co., Knowsley, UK)[24] solely 

designed for fabricating two-layer tablets. Several formulations 

were attempted before the successful one reported in Figure 2c. The 

reason accounted for some failed work in the early stage of two 

layer design (Figures 2 a-b) was due to the use of white wax to 

formulate the white lovastatin layer instead of the composition 

reported in Table II. White wax is soft in nature and was not able to 

sustain the rotary motions of a friability test in order to adhere 

intact to the yellow niacin layer. The HPLC assay later disclosed that 

lovastatin, an acid labile drug, it may be better not to be formulated 

together with niacin (an acidic drug, pKa 2.17) to avoid contact 

degradation during a prolonged shelf life. 

The successful candidate, ID #53, is l30 mg in weight. Several merits 

of this design are worthy of mentioning. The hardness of its core 

tablet exceeds 7 kiloponds. The key merit of the innovative design is 

that the simulated gastric medium entering the core tablet may be 

prevented if the enteric coating is properly done to form an intact 

polymeric coat. Thus, the concern of lovastatin degradation in the 

gastric region is expected to be minimized.  

β-CD, a seven member glucose ring, was found a useful excipient for 

three reasons. First, it is non-toxic compared to using surfactant to 

improve the solubility of lovastatin. The hydroxyl group of β-CD 

forms inclusion complexes in aqueous solution. Second, its apolar 

inner cavity houses lovastatin, an apolar drug. In addition to being 

protected by the enteric coat, lovastatin may be further shielded by 

β-CD during the passage through the harsh gastric medium. Third, 

the complexation between lovastatin and β-CD is mediated primarily 

by van der Waals force of attraction and hydrophobic interaction. 

Cyclodextrin is recognized by its ability as a penetration 

enhancer[25]. Our DSC experiments showed no interaction between 

the active ingredient of lovastatin and excipient of β-CD. The 

inclusion between lovastatin and β-CD was physical complexation in 

nature. The melting point of lovastatin remained the same whether 

DSC was conducted with lovastatin alone, or complexed with β-CD 

or with other core tablet ingredients (Figures 4 a-d). Therefore, 

lovastatin is expected to be absorbed in the small intestinal region 

once the enteric coat of a minitablet is dissolved in the Buffer Stage I, 

phosphate buffer pH 6.8. 

CONCLUSIONS 

The successful candidate of Lovastatin DR-then-ER 20 mg tablet was 

achieved through the formation of physical bonding of lovastatin 

with β-CD, such as complexation. The powder mixture was then 

incorporated with Kollidon VA64, Povidone USP 30 and PEG 8000. 

Although ID #53 to #55 showed slightly different in their release 

profiles (Fig. 4a-b), during pilot plant or industrial scale-ups all these 

three candidates may be tested in order to identify a most optimal 

preparation. 
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