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Abstract  
Lisinopril is an antihypertensive drug that is primarily used in the treatment of 

hypertension, congestive heart failure, heart attacks and also in preventing renal and 

retinal complication of diabetes that acts by inhibiting angiotension converting enzyme 

(ACE). The present investigation deals with the formulation of lisinopril double layer 

tablet containing 100 mg fast release layer and 100 mg sustained release layer to be 

formulated using wet granulation method.  
Twelve formulations are prepared for bilayered tablets; 6 formulas for fast release 

layer study (FF1 to FF6) and another 6 formulas for the sustained release layer study. 

Friability of all formulation was less than 1%, which indicates the tablets had good 

mechanical resistance. Drug content was found to be uniform in all formulas. The tablet 

thickness was found to be 5.12 to 5.31 mm. Acceptable weight variation and content 

uniformity. Hardness was low for fast release lisinopril layer formulas FF1 to FF6, while it 

was high for formulas used to study the sustained release layer (SF1 to SF6). On the other 

hand disintegration time was short for formulas containing super disintegrant as 

crospovidone 15, and 10 seconds, croscarmelose 27, and 24 seconds and sodium starch 

glycolate 24, and 19 seconds and the shortest time for disintegration was for crospovidone 

containing formulas (FF1, and FF4); 15, and 10 seconds respectively for fast release layer 

study with no disintegration for the formulas used to study the sustained release of lisinopril. 

At the same time the release study for formulas containing crospovidone was within 20 

minutes, while formulas containing HPMC K100 was 12 hours release. To be concluded that 

double layer tablets were attempted to be prepared for controlled drug delivery. The first 

layer of lisinopril provides the initial drug release while the second layer provides 

sustained release of lisinopril for increase patient compliance and decrease frequency of 

dosing for more control of hyper tension. 

Keywords: Lisinopril, Bi-layered tablets, Wet granulation process. 

 

 

 تصييغ و تقييم اقراص اللايسينوبريل ثنائية الطبقة

صالح عبدالحميد نزار شيماء  

 
 الملخص

و انُىثبد انقهجُخ و اَعب فٍ يُع , عجض انقهت , انلاَسُُىثشَم هى دواء َسزعًم اولا فٍ يعبنجخ اسرفبع ظغػ انذو

انذساسخ انحبنُخ رعًم عهً . َعًم عهً يُع الاَضَى انًحىل نلاَجُىرُُسٍُ. انزعقُذ انكهىٌ و انشجكٍ يٍ يشض انسكش

يهغى فٍ انطجقخ  100يهغى فٍ انطجقخ سشَعخ انزحشس و  100َخ عهً رصُُغ اقشاص انلاَسُُىثشَم ثُبئُخ انطجقخ انحبو

صُغ دوائُخ   6صُغخ دوائُخ نلاقشاص يعبعفخ انطجقخ  12رى رحعُش .ثبثزخ انزحشس يصبغخ ثطشَقخ انزحجُت انشغجخ

ل يٍ هشبشخ كم انصُغ كبَذ اق. نذساسخ غجقخ انزحشس انسشَع و سذ صُغ دوائُخ اخشي نذساسخ غجقخ انزحشس انجطئ
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يًب َشُش انً اٌ الاقشاص نذَهب يقبويخ يُكبَُكُخ جُذح كًب وجذ اٌ يحزىي انذواء يزقبسة فٍ جًُع انصُغ % 1

اَعب كبٌ اخزلاف انىصٌ يقجىل فٍ جًُع انصُغ انذوائُخ . يهًُزش 31و5-12و5سًك الاقشاص كبٌ ثحذود . انذوائُخ

و عبنُخ نلاقشاص ثطُئخ انزحشس  6-1انطجقخ سشَعخ انزحشسكًب اٌ صلاثخ انحجخ كبَذ قهُهخ نلاقشاص راد .انًحعشح

 15و 10يٍ انُبحُخ الاخشي كبٌ وقذ انزفكك قصُشا نهصُغ انزٍ رحزىٌ عهً يفزذ سشَع كًب فٍ انكشوط ثىفُذوٌ 

و انىقذ الاقصش نهزفكك كبٌ . 19و  24و اَعب صىدَىو سزبسج كلاَكىنُذ  24و  27كزنك انكشوط كبسيُههىص 

يع عذو .ثبنززبثع نهطجقخ راد الاغلاق انسشَع 10و  15كبٌ  4و فف 1فف. رحزىٌ عهً انكشوط ثىفُذوٌ نهصُغ انزٍ

رفكك انصُغ راد الاغلاق انثبثذ فٍ انىقذ َفسه فبٌ رحشس انذواء نهصُغ انذوائُخ انزٍ رحزىٌ عهً انكشوط ثىفُذوٌ 

. وكسٍ ثشوثُم يثُم سهُهىص كبٌ اثًُ عشش سبعخ كبٌ عششٍَ دقُقخ غُش اٌ انصُغ انذوائُخ انزٍ رحزىٌ عهً انهبَذس

كخبرًه اٌ الاقشاص يعبعفخ انطجقخ يًكٍ رصُُعهب نهسُطشح عهً رحشس انلاَسُُىثشَم حُث ركىٌ انطجقخ الاونً 

نلاقشاص سشَعخ انزحشس و ركىٌ انطجقخ انثبَُخ نلاقشاص ثطُئخ يسُطشح انزحشس نضَبدح رقجم انًشَط و رقهُم عذد 

.  ل انذواء و نهسُطشح عهً اسرفبع ظغػ انذويشاد اسزعًب  

 

Introduction 
Multilayered systems (bilayered, triple-

layered, quadruple-layered, etc.) are 

becoming increasingly recognized as 

controlled-release drug delivery systems 
(1)

. While the term Bi- layered tablets, 

refer to tablet containing subunits that 

may be either the same or different. 

Bilayered tablets allows for designing 

and modulating the dissolution and 

release characteristics and they are 

prepared with one layer of drug for 

immediate release while second layer 

designed to release drug latter, either as 

second dose or in an extended release 

manner 
(2- 4)

. 

Lisinopril (Figure 1), is a synthetic 

peptide derivative, is an oral long acting 

angiotensin converting enzyme inhibitor 

(ACE) 
(5)

. It is widely used in treatment 

of hypertension; it has the biological 

half-life of 12.6 hr. Its bioavailability is 

25% and it is mainly excreted in urine 
(6, 

7)
. 

Lisinopril cause reduction in angiotensin 

II also leads to reduced aldosterone 

secretion, which decreases sodium and 

water reabsorption, decreasing 

angiotensin II and aldosterone also 

decreases ventricular re-modeling, 

myocardial fibrosis, myocyte apoptosis, 

cardiac hypertrophy and nor epinephrine 

release
(8)

. The decrease in aldosterone 

can lead to an increase in serum 

potassium, also causes vasodilatation of 

the renal efferent arteriole which can 

decrease protein urea (especially in 

patients with diabetic nephropathy) and 

is considered renal protective. It is used 

alone or in combination with other 

classes of antihypertensive agents in the 

management of mild-to severe 

hypertension
 (9)

. The aim of this study 

was to formulate the bilayered tablets of 

fast release layer and slow release layer 

of lisinopril using povidone k-30 as a 

binder. 
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                                   Figure 1: Structure of lisinopril 

Materials and Methods 

Materials 

Lisinopril was obtained as a gift sample 

from Lincoln Pharmaceutical 

Ahmedabad, India. Hydroxyl propyl 

methyl cellulose (HPMC K-4M), sodium 

carboxyl methylcellulose (Na CMC) was 

obtained from Sigma Chemicals, USA. 

Ethyl cellulose was obtained from 

Strides Arco Labs, Bangalore, India. 

Mannitol, magnesium stearate were 

supplied from Loba Chemie Mumbai, 

India. Hydrochloric acid GCC, U.K and 

ethanol BDH, England All other 

ingredients used were of analytical 

grade. 

 

Method 

Determination of λ max  

Solution of 0.1 mg/ml lisinopril in 0.1 N 

HCl was scanned by a UV 

spectrophotometer from 400 to 200nm, 

and the λ max was determined. 

Preparation of Calibration Curve 

Calibration curve for lisinopril in 0.1 N 

HCl was constructed by preparing serial 

dilutions of the drug from a stock 

solution (0.1 mg/ml), samples were then 

analyzed spectrophotometrically for 

lisinopril at its λ max. The determined 

absorbance were plotted versus the 

concentration.  

Preparation of Bi-layer Tablets 

Bi-layer tablets were prepared by wet 

granulation process according to the 

formula given in table1 and 2. Up to 12 

formulations are prepared for bilayer 

tablet. First sustained release layer is 

prepared (SF1-SF6) by sifting the 

materials shown in table 1, through the 

sieve separately. Then binding agent is 

prepared by dissolving 1% PVP k-30 in 

specified quantity of ethanol. Load the 

sifted contents in a mortal. Add the 

binding agent which is previously 

prepared with mixing until ball test is 

achieved. Then pass the wet granules 

through sieve no 1.Then dry in the oven 

for 2 hours then homogenize the 

granules in sieve no 2 and mix the above 

granules with lubrication (1% 

magnesium stearate) for 1 min and 

compress into tablet. Similarly lisinopril 

fast release layer is prepared (FF1-FF6) 

by sifting all the material shown in table 

2, then mix content geometrically. 

mannitol & super disentegrant to it. Then 

binding agent is prepared by dissolving 

1% PVP in specified quantity of ethanol, 

also dissolve color into it. Add the 

binding agent which is previously 

prepared with mixing until ball test is 

achieved. Then pass the wet granules 

through sieve no 1. 

Then dry in the oven for 2 hours then 

homogenize the granules in sieve no 2 

and mix the above granules with 

lubrication (magnesium stearate) for 1 

min. Then the tablets were compressed 

into a 7.6 mm diameter tablets using a 

single punch tablet machine of 7.6mm 

diameter die at a compression force of 

(37 kN) to get the tablets.  
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Table 1: Composition of Different Formulas of Lisinopril Granules as 

Sustained Release Layer of Lisinopril Tablet 

Ingredients 

(mg) 

SF1 SF2 SF3 SF4 SF5 SF6 

Lisinopril 10 10 10 10 10 10 

Lactose    40 40 40 

HPMC 85   45   

CMC  85   45  

EC   85   45 

PVP  4 4 4 4 4 4 

Mg stearate 1 1 1 1 1 1 

Total WT 100 mg 100 mg 100 mg 100 mg 100 mg 100 mg 

Table 2: Composition of Different Formulas of Lisinopril Granules as Fast 

Release Layer of Lisinopril Tablet 

Ingredients 

(mg) 

FF1 FF2 FF3 FF4 FF5 FF6 

Lisinopril 10 10 10 10 10 10 

Mannitol 65 65 65 55 55 55 

crospovidone 20   30   

croscaramellose  20   30  

Sodium starch 

glycolate 

  20   30 

PVP  4 4 4 4 4 4 

Mg stearate 1 1 1 1 1 1 

Total WT 100 mg 100 mg 100 mg 100 mg 100 mg 100 mg 

 

Evaluation of the Tablets 

Evaluation of Physicochemical 

Parameters of Tablets Hardness 

The hardness of three randomly selected 

tablets from each formulation sustained 

release layer (SF1 to SF6) and fast 

release layer (FF1-FF6) was determined 

by placing each tablet diagonally 

between the two plungers of Monsanto 

hardness tester and applying pressure 

until the tablet broke down into two parts 

completely and the reading on the scale 

was noted down in Kg/cm
2
and the 

average reading noted. 

Friability   
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          The friability of tablets was 

determined using Roche friabilator for 

all formulas. It is expressed in 

percentage (%). Ten tables were initially 

weighed (W initial) and transferred into 

friabilator. The friabilator was operated 

at 25 rpm for 4 minutes or run up to 100 

revolutions. The tablets were weighed 

again (W final). The percentage friability 

was then calculated using the following 

equation. 

F = Initial – Final x 100  

             Initial 

% Friability of tablets less than 1% are 

considered acceptable 
(10)

. 

Weight Variation 

Randomly, twenty tablets were selected 

after compression for each formula and 

the mean weight was determined. None 

of the tablets deviated from the average 

weight by more than ±7.5% (USP XX). 

In-vitro Disintegration Test   

          The in-vitro disintegration time 

was determined for the fast 

disintegration layer (FF1-FF6) using the 

USP disintegration apparatus, the basket 

rack assembly containing six open ended 

tubes and 10- mesh screen on the bottom 

was used, and the six tubes are filled 

with 0.1 N HCl. A tablet was placed in 

each of the six tubes of the apparatus and 

one disc was added to each tube. The 

time in seconds taken for complete 

disintegration of the tablet with no 

palatable mass remaining in the 

apparatus was measured in seconds 
(11)

. 

Drug Content 

Twenty tablets were weighed and 

powdered from each formula. An 

amount of the powder equivalent to 

20mg of Lisinopril was dissolved in 

100ml of 0.1N hydrochloric acid, 

filtered, diluted suitably and analyzed for 

drug content at 246nm using UV‐Visible 

spectrophotometer (UV 160 Shimadzu, 

Japan) 
(12)

. 

Thickness 

The thickness of the tablet is measured 

by vernier calipers scale. Thickness of 

the tablet related to the tablet hardness 

and can be used an initial control 

parameter. 

 

Results and Discussion 

Determination of λmax 

        The UV spectrum showed a peak at 

246 nm and it represents the λmax as 

stated in European pharmacopeia. 

Preparation of Calibration 

Curve 

Figure (2) shows the calibration 

curve of lisinopril in 0.1N HCl. A 

straight line was obtained as a result of 

plotting the absorbance versus 

concentration, which indicates that the 

calibration curve obeys Beer’s-Lambert 

law within the concentrations used.  
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Figure 2: Calibration curve of Lisinopril in 0.1N HCL. 

Physical Properties of the Prepared Tablets 

Physical Properties of the Prepared Fast Release Layer 

The results for FF1- FF6, which they were utilized to study the effect of the 

superdisintegrant type (crospovidone, croscarramelose sodium, and sodium starch 

glycolate) are shown in table 3. 

Regarding in vitro disintegration test, when comparing these three superdisintegrants it 

was found that crospovidone gives the best result followed by croscarramelose sodium 

and then sodium starch glycolate. 

The results for the inner sustained release layer were shown in table 3. 

 

 

 

 
Figure 3: Picture shows double layer tablet 
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Table 3: Physical Properties of the Outer Fast Release Layer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Hardness Test for Fast Release Layer 

The hardness test was perform in 

which three tablets from each 

formulation batch were tested randomly 

and the average reading was recorded, 

using Monsanto hardness tester in which 

the hardness was expressed as a force in 

kg/cm
2
 required to crush the tablet. The 

results were shown in table 3 
(12)

. 

 

Tablet Friability for Fast Release 

Layer 

The friability of the tablets was 

measured in a Roche friabilator for 4 

minutes as shown in table 3 
(13)

. 

 

Hardness Test for Sustained Release 

Layer 

The hardness test was performed in 

which three tablets from each 

formulation batch for SF1, SF2, SF3, 

SF4, SF5, and SF6 were tested randomly 

and the average reading was recorded as 

shown in table 4. 

 

Tablet Friability for Sustained Release 

Layer 

The friability of the tablets was 

measured in Roche friabilator for 4 

minutes for sustained release formulas 

(SF1, SF2, SF3, SF4, SF5, and SF6) as 

shown in table 4. 

 

 

 

 

 

Formula   

No. 

In-vitro  

Disintegratio

n time (sec) 

Hardness(kg/

cm
2
) 

Friability 

(%) 

FF1 15±2 4 0.95 

FF2 27±3 6 0.61 

FF3 24±3 6 0.49 

FF4 10±2 4.5 0.9 

FF5 24±3 
6 0.56 

FF6 19±1 
7 0.39 
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Table 4: Friability, and Hardness of the Inner Sustained Release Layer 

 

 

 

 

 

 

 

 

 

Uniformity of the Dosage Units 

From each formula (FF1-FF6), 

and inner layer; ten tablets were 

randomly selected from prepared 

formulas and pulverized to a fine 

powder. Weighed aliquots containing an 

amount of powder equivalent to a single 

dose were taken in triplicate and assayed 

for the drug content utilizing a UV 

spectrophotometer. All results were 

accepted and within the range. 

 

 

Table 5: Lisinopril Content per Layer for Fast and Sustained Release Layers 

 

Formula 

Number 

%Lisinopril/ 

Tablet 

FF1 99.2 

FF2 97.8 

FF3 99.1 

FF4 93.5 

FF5 96.9 

FF6 96.6 

SF1 94.1 

SF2 96.6 

SF3 96.7 

SF4 97.9 

SF5 96.3 

SF6 99.5 

 
 

 

  Properties  

 

Formula No. 

Hardness(

kg/cm
2
) 

Friability 

(%) 

SF1 9 0.079% 

SF2 12 0.061% 

SF3 
15 

0.031 % 

 

SF4 8 0.065% 

SF5 9 0.053% 

FF6 12.5 0.037% 
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Weight Variation for Outer Fast and 

Inner Sustained Release Layer 

Weight variation test is done by 

weighing 20 tablets individually, 

calculating the average weight and 

comparing the individual weight to the 

average. The results were within the 

range for all formulas. All the tablets 

passed weight variation test as the 

percentage weight variation was within 

the pharmacopoeial limits 
(13)

. 

Disintegration Test 

Disintegration test measured for 

the outer layer occur within less than 1 

minute. On the other hand no 

disintegration occurs for the inner layer 

tablet. 

For FF1 to FF6, formulas contain 

crospovidone gave the fastest 

disintegration time and this is because 

crospovidone unlike other 

superdisintegrants, which rely 

principally on swelling for 

disintegration, crospovidone 

disintegrants use a combination of 

mechanisms to provide rapid 

disintegration. Although crospovidone 

polymers swell by 95% to 120% upon 

contact with water, swelling is not the 

only mechanism for tablet disintegration. 

Swelling or swell volume is mainly a 

measure of the change in volume of the 

disintegrant after it is introduced to an 

aqueous solution and the system has 

reached equilibrium. However, swell 

volume does not measure the rate at 

which a disintegrant absorbs water and 

swells or the pressure generated by 

swelling. Crospovidone polymers, with 

their porous particle morphology rapidly 

absorb water (wicking) via capillary 

action. As the deformed crospovidone 

particles come in contact with water that 

is wicked into the tablet, the 

crospovidone particles recover their 

normal structure and then swell, 

resulting in rapid volume expansion and 

high hydrostatic pressures that cause 

tablet disintegration 
(14)

. 

In addition, an acidic medium 

significantly reduce the liquid uptake 

rate and capacity of sodium starch 

glycolate and croscarmellose sodium but 

not crospovidone, where a significant 

reduction in swelling capacity is also 

observed for croscarmellose, sodium in 

0.1 N HCL ,which swells to half that in 

water. The strong decrease in swelling 

capacity of chemically modified starches 

and celluloses may attribute to the 

converting of the carboxyl methyl 

sodium moieties. Since the acid form has 

less hydration capacity than its salt form, 

the liquid holding capacity of the 

disintegrant particle reduces after 

deionization in the acidic medium 
(15)

. 

While for sustained release layer no 

disintegration occurs. 

Dissolution Test 

For the fast release layer, the 

release was done for the selected 

crospovidone containing layer (FF1) and 

it was very fast as shown in figure 4. 

Within about 20 minutes the entire drug 

release from the fast release layer which 

is required for the fast onset on lisinopril 

tablet as antihypertensive.    
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Figure 4: Dissolution rate of outer fast release layer of Lisinopril tablet in 0.1 

N HCl and temperature 37 C°. 

  

The goal of sustained release 

dosage form is to maintain therapeutic 

blood or tissue levels of the drug for an 

extended period. This is usually 

accomplished by attempting to obtain 

zero order release from the dosage form. 

In zero order release drug release is 

independent of the concentration of drug 

in the delivery system (a constant release 

rate) 
(16)

.  HPMC polymer was selected 

for release study 
(17)

, and the dissolution 

test for the sustained release layer was 

12 hours for SF1as it is shown in figure 

5. 

This is consistent with the 

findings of Arunprasad B. et al 
(18)

. 

 

 
Figure 5: Dissolution rate of inner sustained release layer of lisinopril tablet in 0.1 N 

HCl and 37 C°. 
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Friability of all formulation was less 

than 1%, which indicates the tablets had 

good mechanical resistance.  

Drug content was found to be uniform in 

all formulations. The tablet thickness 

was found to be 5.12 to 5.31 mm. The 

weight variation results revealed that 

average percentage deviation of 20 

tablets of each formula was less than ± 

7.5 %, which provide good uniformity in 

all formulations. 

Conclusion 

Bilayered tablets containing 100 mg fast 

release layer and 100 mg sustained 

release layer of Lisinopril were 

successfully prepared by wet granulation 

method. 

Initially fast release layer was optimized 

based on hardness, friability, and 

disintegration studies of 6 trials. Then 

dissolution time studied for FF1 as the 

best fast release layer. On the other hand 

sustained release layer of Lisinopril were 

formulated based on 6 trials SF1-SF6), 

then the HPMC polymer selected as the 

most appropriate layer and used for 

further release study.  

As a conclusion double layer 

tablets were attempted to be prepared for 

controlled drug delivery. The first layers 

of tablets providing the initial drug 

release while the second outer layer 

provide sustained release of lisinopril for 

increase patient compliance and decrease 

frequency of dosing for more control of 

hyper tension. 
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