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การตอกอดัโดยตรงเป็นวธิทีีง่า่ยและประหยดัทีสุ่ดในการผลติยาเมด็ โดยน าส่วนประกอบต่างๆ ผสมใหเ้ขา้กนัดแีลว้ตอกใหเ้ป็น
เมด็ยา สิง่ส าคญัในการผลติดว้ยวธิน้ีีคอืสารช่วยตอกอดัโดยตรงทีด่แีละมปีระสทิธภิาพ วตัถปุระสงค:์ เพือ่พฒันาสารชว่ยตอกอดัโดยตรง
ร่วมกระบวนการชนิดใหม่ จากแมนนิทอลและแป้งข้าวโพดโดยวิธีแกรนูลเปียก วิธีด าเนินการวิจยั: สารช่วยตอกอดัโดยตรงร่วม
กระบวนการ เตรยีมจากส่วนผสม 2:1 ของแมนนิทอลและแป้งขา้วโพด โดยใชแ้ลคตทิอลเป็นสารยดึเกาะ (ในปรมิาณรอ้ยละ 0 –15 ของ
น ้าหนักแหง้) น าแกรนูลทีเ่ตรยีมไดม้าศกึษาสมบตัทิางฟิสกิส์และเตรยีมเป็นยาเมด็เปล่าเพื่อศกึษาความสามารถในการตอกเป็นยาเมด็ 
(tabletabiliy) เวลาการแตกกระจายตวั อตัราส่วนความไวต่อสารช่วยลื่น สารช่วยตอกอดัโดยตรงทีเ่ตรยีมได ้น ามาเตรยีมยาเมด็ไฮโดร
คลอโรไทอาไซด์ เพื่อศึกษากราฟการละลายโดยเทยีบกบัต ารบัยาต้นแบบ โดยใช้ค่า similarity factor (f2) ผลการวิจยั: แกรนูลร่วม
กระบวนการของแมนนิทอลและแป้งขา้วโพดสดัส่วนสองต่อหน่ึงทีใ่ชแ้ลคตทิอลเป็นสารยดึเกาะ (0%, 10% และ 15% ใชช้ื่อว่า MCL00, 
MCL10 และ MCL15 ตามล าดบั) มกีารไหลทีด่ถีงึดเียีย่ม มคีวามชืน้ต ่า (รอ้ยละ 1.60 ± 0.17 ถงึรอ้ยละ 1.63 ± 0.06) มเีสน้ผา่นศนูยก์ลาง
มธัยฐานเท่ากบั 445, 610 และ 595 ไมโครเมตร ตามล าดบั ค่าความตา้นแรงดงึของยาเมด็เปล่าของสารช่วยตอก MCL มคี่าเพิม่ขึน้ตาม
ปรมิาณทีเ่พิม่ขึน้ของแลคตทิอล (ANOVA, Tukey post-hoc, p<0.01) มอีตัราส่วนความไวต่อสารช่วยลื่นอยู่ในช่วง 0.29 - 0.53 ยาเมด็
เปล่าทีผ่ลติไดจ้ากสารช่วย MCL10 และ MCL15 ผ่านการประเมนิตามขอ้ก าหนดต่างๆ ทีเ่ภสชัต ารบัระบุ ยาเมด็ไฮโดรคลอโรไทอาไซด์
ความแรง 50 มลิลกิรมั ทีผ่ลติจาก MCL10 ทัง้ทีไ่ม่ใส่และใส่สารช่วยแตกกระจายตวัในปรมิาณร้อยละ 2 - 4 ใหย้าเมด็ที่มลีกัษณะทาง
กายภาพที่ดีและผ่านเกณฑ์การทดสอบการปลดปล่อยตวัยา ค่า similarity factor ที่ค านวณจากค่าการละลายเทยีบกบัยาต้นแบบมคี่า
ตัง้แต่ 51-60 สรปุผลการวิจยั: แลคติทอลเป็นสารยดึเกาะที่มปีระสทิธภิาพในการเตรยีมแกรนูลร่วมกระบวนการแมนนิทอลและแป้ง
ขา้วโพด ทัง้ MCL10 และ MCL15 มสีมบตัดิา้นการไหลและความสามารถในการตอกเป็นยาเมด็ทีด่ ีเหมาะสมในการใชเ้ป็นสารช่วยตอก
อดัโดยตรง ในการศกึษาน้ี MCL10 มคีวามเหมาะสมทีสุ่ดในการใชผ้ลติยาทีม่คี่าการละลายน ้ายากมากอย่างเช่นไฮโดรคลอโรไทอาไซด์ 
การเตมิสารช่วยแตกกระจายตวัยิง่ยวด จงึอาจมคีวามจ าเป็นเพือ่บงัคบัใหเ้วลาในการแตกกระจายตวัของยาเมด็และการปลดปล่อยตวัยา
เรว็ตามตอ้งการ 
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Abstract 
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Direct compression is the simplest and most economic method to produce tablets that ingredients are thoroughly mixed 

and then compressed into tablets.  The important role of this process is the good and effective direct compression excipient. 
Objective: The aim of this study was to develop a new co-processed direct compression excipient from mannitol and corn starch 
using wet granulation method. Methods: The direct compression excipients were prepared by co-processing mannitol with corn 
starch in a ratio of 2: 1 using lactitol ( 0 -  15%  on dry basis)  as a binder.  The resulted granules were evaluated for physical 
properties. These excipients were used to prepared placebo tablets to characterize tabletability, disintegration time and lubricant 
sensitivity ratio.  All excipients were used to formulate hydrochlorothiazide ( HCTZ)  tablets.   Dissolution profiles of the HCTZ 
tablets were compared to the original product using similarity factor ( f2) .  Results:  The 2:1 mannitol- corn starch co-processed 
granules containing lactitol as binder (0%, 10% and 15% named as MCL00, MCL10 and MCL15, respectively) performed good 
to excellent flowability with relatively low %moisture contents (1.60 ± 0.17-1.63 ± 0.06). The median diameter (d0.5) of MCL00, 
MCL10 and MCL15 were 445, 610 and 595 m, respectively. Tensile strength of placebo tablets from MCL excipients increased 
with the increase amount of lactitol ( ANOVA, Tukey post- hoc, p<0. 01) .  Lubricant sensitivity ratios were between 0. 29- 0. 53. 
Placebo tablets from MCL10 and MCL15 met the acceptance criteria according to pharmaceutical compendia. HCTZ tablets (50 
mg/tab) produced from MCL10 without or with superdisintegrant at 2-4% offered good physical characteristics and complied with 
the dissolution test.  The similarity factors calculated from dissolution profiles and compared to that of the original product were 
51-60. Conclusion: Lactitol was an effective binder for co-processed mannitol-corn starch granules. Both MCL10 and MCL15 
exhibited good flowability and high tabletability and suited for direct compression excipient. In the present study, MCL10 was the 
most suitable excipient to deal with such a very slightly soluble drug like HCTZ. The adding of superdisintegrant might need to 
attain the desired disintegration time and drug release. 

  
Keywords: Direct compression excipient, mannitol, corn starchm, lactitol, hydrochlorothiazide 
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Introduction
Direct compression provided a short process of 

tablet production. However, neither all active pharmaceutical 
ingredients (APIs) nor small doses of APIs can be 
applicable. The right flow and compression characteristics 
are the most important factors to compensate the poorly 
compactable APIs (Bolhuis and Armstrong, 2006; Saha and 
Shahiwala, 2009). The direct compression (DC) excipients 
are normally more expensive than basic excipients. Most 
commercial available direct compression excipients also do 
not provide multifunction properties. To develop a good and 
cheap DC excipient by co-processing is therefore interesting 
and challenging. Co-processed excipient is a mixture of two 
or more excipients interacting at sub-particle level to obtain 
the product with added value related to the ratio of its 
functionality. Co-processing is very cost effective method for 
providing new excipient with multifunction such as excellent 
flowability, tabletability and self disintegrating (Mirani et al., 
2011).   

Mannitol or D-mannitol is isomeric with sorbitol. It 
is commonly used as an excipient in chewable tablet 
formulations because of its negative heat of solution, 
sweetness, and very good mouth feel. It is usually used as 
a diluent in rapidly dispersing oral dosage forms (Rowe        
et al., 2012). Nowadays, mannitol is widely used as direct 
compression excipient because it is safe to APIs, non-
hygroscopic and good in compaction into tablets (Ohrem     
et al., 2014). Non-hygroscopicity of mannitol is excellent for 
APIs stability. Commercial DC excipients from mannitol are 
available under the brand names Mannogem and 
Pearitol. Mannogem (SPI Pharma, 2016) and Pearlitol 
(Roquette, 2012) are produced by wet granulation or spray 
drying to provide various functional grades to meet the 
specific application needs of the formulator. PearlitolFlash 
is a commercial instance of mannitol-corn starch 
agglomerates, developed by Roquette. It is claimed to 
disintegrate very quickly in the mouth. For co-processing, 
mannitol has been used by several researchers to fabricate 

direct compression excipients for orodispersible tablets 
because of the sweet and cooling taste. Jacob et al. 
formulated mannitol with microcrystalline cellulose (MCC) by 
spray drying in various ratios. They found that co-processed 
mannitol and MCC provided good tablet characteristics. 
However, to pass the orodispersible tablet disintegration 
time the disintegrant had to be added up to 5% (Jacob          
et al., 2007). Daraghmeh et al. prepared and characterized 
a novel excipient from chitin and mannitol (2:8 by weight) 
produced by roll compaction. The results showed that the 
multifunctional excipient was successfully used in 
formulation of orodispersible and fast immediate release 
tablets (Daraghmeh et al., 2015). Gonnissen et al. prepared 
compressible paracetamol by co-spray drying with various 
carbohydrates (lactose, lactitol, sorbitol, mannitol, erythritol, 
maltodextrin, xylitol and maltitol) at 1:1 ratio. They found that 
only paracetamol-mannitol had good tablet tensile strength. 
Additionally, the replacing part of the mannitol fraction by 
erythritol or maltodextrin as binder in amounts of 10% and 
30% improved powder flowability and tablet tensile strength. 
Maltodextrin had a positive effect on tablet tensile strength 
while erythritol mainly improved powder flowability 
(Gonnissen et al., 2007).   

Corn starch is generally used as filler, glidant and 
disintegrant in tablet manufacturing (Ochubiojo and 
Rodrigues, 2012; Builders and Arhewoh, 2016). Under 
compaction, corn starch undergoes plastic deformation 
(Paronen and Juslin, 1983; Alebiowu and Itiola, 2002). 
Lactitol is a synthetic polyol derived from lactose. It does not 
cause Maillard reaction and has low hygroscopicity (Rowe 
et al., 2012; Zacharis, 2012). However, the use of lactitol as 
binder in wet granulation is less studied.  

Hydrochlorothiazide (HCTZ) is a thiazide diuretic 
used for arterial hypertension (Carter and Emst, 2017). 
HCTZ is a Class III drug with poor water solubility (722 
mg/L) (Lindenberg et al., 2004). Its melting point is 265-
270C with decomposition. Under stress condition, HCTZ 
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undergoes hydrolysis to yield formaldehyde and 4-amino-6-
chloro-m-benzenedisulfonamide (Connors et al., 1986). In 
combination with other hypertensive drugs, HCTZ degraded 
under stress tests (Lusina et al., 2005; Wadher et al., 2016). 
HCTZ tablets are available in 12.5, 25 and 50 mg doses. In 
the present study, HCTZ dose of 50 mg was used as a 
model drug to challenge the formulation work due to the 
problem related to dissolution. 

SuperTab11SD, a commercial available spray-
dried lactose (SDL) was used as a benchmark for 
tabletability study only because lactose is a sugar alcohol 
and performs brittle fracture under compression like 
mannitol. SDL is manufactured by spray-drying crystalline 
lactose monohydrate to give spherical agglomerates in a 
matrix of amorphous lactose thus it holds high tabletability 
and free flowing. However, compaction property of SDL is 
influenced by the particle size of the primary crystals and 
amorphous portion in the particles (Lerk, 1993; Russu et al., 
2006). The objective of this study was to develop a new 
multifunctional excipient from mannitol and corn starch using 
lactitol as a binder. Wet granulation was used for the co-
processing because this method is simple and cheap. Most 
pharmaceutical manufacturers already have equipments to 
prepare this DC excipient for in-house uses. The co-
processing of these components was supposed to offer a 
cost effective excipient with good characteristics for self 
disintegrating, free flowing and good tabletability.  

 

Methods 
1. Chemicals 

Mannitol monohydrate was purchased from 
Maxway, Thailand. Corn starch was purchased from 
National starch and chemical, Thailand. Hydrochlorothiazide 
was purchased from Pharmasant laboratory, Co., Ltd, 
Thailand. SuperTab11 SD was purchased from DFE 
Pharma, New Zealand. Talcum, magnesium stearate, 
calcium stearate were purchased from IL Shinindustrial 
(Korea), Union Derivan S.A. (Germany) and Fluka Chemical 

(UK), respectively. Sodium fumaryl stearate (Lubripharm) 
was a gift from SPI Pharma. Lactitol monohydrate was 
purchased from Danisco, USA. Croscarmellose sodium   
(Ac-di-sol) was purchased from FMC Biopolymer, USA.  
2. Preparation of mannitol-corn starch granules and 
tablets 

Co-processed granules composing of mannitol and 
corn starch in the ratio of 2:1 were prepared by wet 
granulation method. Deionized water and 60% lactitol stock 
solution were used as binders. Lactitol was varied from        
0 - 15% on dry basis of the blend. Wet mass was performed 
in a planetary mixer and then passed through a 12 mesh 
sieve. The granules were dried at 55C for three hours and 
then passed through a 20 mesh sieve. The resulted 
granules were screened with a sieve number 60 to discard 
the fine particles.  Each batch of the granules was blended 
with magnesium stearate (1%w/w) for three minutes using a 
lab scale V-shape mixer. Placebo tablets (200 mg) were 
compressed using a 8-mm diameter flat face punch and die 
using a hydraulic hand press (Carver, USA) with pressures 
of 10, 20 and 30 kN for tabletability study. 

In order to examine the uniform flow of the granules 
into the tablet dies, the blends were also compressed using 
a rotary tabletting machine (Charatchai Machinery CMRT-8, 
Thailand) because the interruption of flow to the tabletting 
dies is a main problem in direct compression tabletting. The 
resulted tablets were used for stability study. 
3. Evaluation of granules and tablets 
 3.1 Flowability 

The granules were evaluated for bulk density, 
tapped density using a tapped volumeter (Erweka SVM 12, 
Germany) .  Carr’s index and Hausner ratio were calculated 
as per the official procedure ( USP29/NF24, 2005) .  These 
Carr’ s index and Hausner ratio were calculated using bulk 
density and tapped density as follows: 
 Carr’s index = [(tapped density – bulk density) / 
tapped density] x 100 
 Hausner ratio = tapped density / bulk density 
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 The acceptable scale of flow ability should be 
equivalent to “fair” or better flow scale.  
 Angle of repose ()  was determined on a fixed 
base method using powder flow meter ( Electrolab EFT- 01, 
India) .  An average of three determinations was calculated 
from the following equation.  The angle of repose equals to 
40 and lesser is acceptable. 
 tan  = height of the pile of powder / 0.5 base 
diameter 
 3.2 % Moisture content 
 Three different samples were determined using a 
moisture balance (Chyo IB-30, Japan) at 105C for 5 min. 
 3.3 Particle size distribution 
 Particle size distribution was performed using a 
sieve shaker (Retsch AS 200, Germany). A stack of 
standard sieves (no. 35, 40, 60, 80, 100, 120, 140 and 170) 
was used. The sieves were agitated for 5 min. The weight 
retained on each sieve was determined. The particle size 
distribution was reported in terms of d0.1, d0.5, and d0.9 which 
give an indication of size of the fine (d0.1) and coarse (d0.9) 
fractions, and of the median particle size (d0.5) 
(USP29/NF24, 2005). 

3.4 Tablets weight variation 
 Tablets weight variation was carried out according 
to USP29/NF24. Ten tablets were weighed individually. The 
results were expressed as mean ± SD. 

3.5 Crushing strength and tensile strength 
 The tablet crushing strength (F) was determined 
after 24 h of compression using a hardness tester (Erweka 

TBH10, Germany). The tablet diameter (d) and thickness (h) 
were measured using a micrometer. The tablet tensile 
strength (TS) was calculated using the equation as follows 
(USP35/NF30, 2012). 
 Tensile strength (MPa) = 2F / dh 

3.6 Friability 
 Tablets were randomly selected and weighed with 
total weight close to 6.5 g. Friability was performed using 
Roche type friabilator (Brother Join, Thailand) rotated at 25 
rpm for 4 min. The tablets then were dedusted and 
reweighed. The loss in weight was recorded as percentage 
friability that should be less than 1.0%. 
 % Friability = [1 – (weight of tablets after friability/ 
weight of tablets before friability)] x 100  
 3.7 Disintegration time 

 The test was performed on six tablets at 37 ± 0.5C 
in deionized water in accordance with USP35/NF30 using 
disintegration apparatus (Labindia DT100, India). The tablet 
disintegration time was achieved at a time (min) when no 
residue remained on the screen of the apparatus.  

3.8 Lubricant sensitivity ratio (LSR) 
 Placebo tablets (200 mg/tab) with 1%w/w of 
lubricant were produced using a hydraulic press at 15 kN 
pressure. Four lubricants (talcum, magnesium stearate, 
calcium stearate and sodium fumaryl stearate) were 
investigated. The duration of mixing time (5 min and 20 min) 
of each lubricant was compared for LSR which was 
calculated from the formula: 

 

LSR  =  (tablet hardness without lubricant – tablet hardness with lubricant) 
                                                             (tablet hardness without lubricant)  
 

4. Accelerated stability study 
 In this study, placebo tablets (200 mg/tab) from 
each DC excipients (MCL00, MCL10, MCL15 and SDL with 
1%w/w of magnesium stearate) were produced using a 
rotary tableting machine. The compaction force was 
optimized to result in the tablet crushing strength of 6-10 kP 

and the tablet thickness in between 2.8-3.0 mm. The 
resulted tablets were kept in well-closed containers for 6 
months at room temperature (RT), 45C/75%RH and 
45C/75%RH in opened containers. The tablets were 
evaluated for the average weight, hardness, friability and 
disintegration time. 
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5. Formulation of hydrochlorothiazide (HCTZ) tablets  
5.1 Hydrochlorothiazide tablets (50 mg/tab) 

preparation 
The first series of formulations, HCTZ tablets were 

formulated using MCL00, MCL10 and MCL15. A 200 mg of 
tablet weight was designed to follow the previous study of 
placebo tablets. HCTZ and each co-processed excipient 
were mixed thoroughly. The blend was then lubricated by 
mixing with 1%w/w of magnesium stearate. To expand the 
process to the ideal size for the manufacturing-scale, the 
powder blends were compressed into tablets using a rotary 
tabletting machine. The tablets were evaluated for physical 
properties and dissolution for screening the optimal 
excipient.  

The second series of formulations was done using 
MCL10 to optimize the most acceptable HCTZ tablets. A 
180 mg of tablet weight was considered because the weight 
of the first series of formulations was too high to promote 
the adequate drug release. HCTZ was initially mixed with 
MCL10 and Ac-di-sol (0%, 2% and 4%w/w) for 5 min then 
1%w/w magnesium stearate was added and mixed for 3 min 
using a lab scale V-shape mixer. Tablets were produced 
using Carver hydraulic hand press at compression force of 
20 kN. The tablets were stored for 24 h to allow the elastic 
recovery and hardening. Then, the tablets were determined 
for the tablet hardness, %friability, disintegration time and 
dissolution. 
 5.2 Dissolution test 
 The basket dissolution apparatus was used. The 
dissolution medium was 900 ml of 0.1 N HCl maintained at 
37.0 ± 0.5C and the rotation rate was 100 rpm 
(USP35/NF30, 2012). The absorbance of the withdraw 
solutions at various time intervals was determined at 272 
nm using a UV-visible spectrophotometer (Shimazu         
UV-1800, Japan) and was transformed to concentration by 
reference to a standard curve obtained experimentally        
(r2 = 0.9999). The dissolution profile comparison was 
characterized in term of similarity factor (f2) calculated 
according to the method proposed by Moore and Flanner 
(FDA, 1997). 

    
 The term n was number of time points at which 
%dissolved was determined. Rt was %dissolved of original 
product at a given time point. Tt was %dissolved of 
formulation to be compared at the same time point. The f2 
value above 50 indicates the two profiles are similar. 
6. Statistical analysis 

All data obtained were expressed as mean ± SD. 
For statistical comparison of the results, a one-factor 
ANOVA test was used. If the significant differences existed 
(p<0.01), Tukey post-hoc test was used to specify those 
excipients having significant each other. The analysis was 
done using Microsoft Excel 2007. 

 

Results and Discussion 

Characteristics of co-processed excipients 
Table 1 shows the characteristics of the three 

formulated co-processed excipients (MCLs) and a SDL 
(SuperTab11 SD). In terms of angle of repose, value close 
to 25 means excellent flowability while the value close to 
40 means fair flowability. Carr’s index of less than 10% 
and Hausner ratio of between 1.00-1.10 indicate the 
excellent flowability according to the official criteria 
(USP29/NF24, 2005).   

Angle of repose of MCL00, MCL10 and MCL15 was 
32.2 ± 0.5, 30.5 ± 0.6 and 30.2 ± 0.4, respectively. The 
observed angle of repose indicated that the 2:1 mannitol-
corn starch co-processed granules performed good to 
excellent flowability. The moisture contents of all co-
processed excipients were between 1.60 ± 0.17% to 1.63 ± 
0.01%. Carr’s index and Hausner ratio were in the range of 
7.33 ± 0.70 to 9.24 ± 1.39 and 1.08 ± 0.01 to 1.10 ± 0.02 
indicating all formulations had good compressibility index.   
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Table 1. Characteristics of direct compression excipients 
DC 

excipients 
Angle of 

repose () 
(n = 3) 

Bulk/Tapped 
density 
(g/ml) 

Carr’s 
Index (%) 

Hausner 
ratio 

% Moisture  
content 

Particle size 

distribution (m) 
(D0.1,D0.5,D0.9 

MCL00 32.2 ± 0.5 0.55 ± 0.01/ 
0.59 ± 0.01 

7.33 ± 0.70 1.08 ± 0.01 1.60 ± 0.20 200, 445, 760 

MCL10 30.5 ± 0.6 0.59 ± 0.01/ 
0.64 ± 0.0 

7.98 ± 1.10 1.09 ± 0.01 1.60 ± 0.17 365, 610, 800 

MCL15 30.2 ± 0.4 0.59 ± 0.01/ 
0.65 ± 0.01 

9.24 ± 1.39 1.10 ± 0.02 1.63 ± 0.06 315, 595, 795 

SDL Not flow 0.65 ± 0.0/ 
0.73 ± 0.01 

10.82 ± 0.75 1.12 ± 0.01 0.10 ± 0.00 n/a*, 130, 210 

* n/a = not available. 
 

Physical properties of placebo tablets 
Table 2 demonstrates the characteristics of 

placebo tablets made from different DC excipients using a 
hydraulic hand press at various compression pressures. All 
the tablets complied the current USP friability tolerance limit, 

except those of SDL contained tablets at 10 kN pressure 
had the friability higher than 1.0%. Tablet thickness from 
MCLs excipients resulted in the range of 2.83 ± 0.02 mm to 
2.94 ± 0.03 mm. 

 
 

Table 2. Physical properties of placebo tablets. 

DC 
excipients 

Compression 
pressure (kN) 

Crushing 
strength (kP) 

Tensile 
strength (MPa) 

Thickness 
(mm) 

%Friability 

MCL00 10 7.06 ± 0.67 1.91 ± 0.19 2.87 ± 0.03 0.82 

 20 8.50 ± 0.99 2.33 ± 0.26 2.83 ± 0.04 0.65 

 30 8.39 ± 0.72 2.30 ± 0.20 2.83 ± 0.02 0.51 

MCL10 10 10.00 ± 0.76 2.61 ± 0.20 2.94 ± 0.03 0.56 

 20 10.35 ± 0.64 2.77 ± 0.17 2.88 ± 0.03 0.08 

 30 11.05 ± 0.44 2.96 ± 0.14 2.87 ± 0.03 0.02 

MCL15 10 15.08 ± 1.06 3.94 ± 0.27 2.93 ± 0.02 0.36 

 20 14.91 ± 0.88 3.92 ± 0.21 2.92 ± 0.02 0.13 

 30 14.47 ± 0.93 3.77 ± 0.24 2.94 ± 0.01 0.38 

SDL 10   5.16 ± 0.84 1.38 ± 0.22 2.90 ± 0.03 1.11 

 20  11.19 ± 0.67 3.14 ± 0.18 2.76 ± 0.02 0.51 

 30  14.81 ± 0.67 4.21 ± 0.16 2.73 ± 0.03 0.44 
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Figure 1. Tabletability profiles of placebo tablets consisting 

MCL00 (), MCL10 (), MCL15 (∆), and SDL ().  
 

Figure 1 demonstrates tabletability profiles 
conducted from the relationship between compression 
pressures and tablet tensile strength. Tabletability means 
the ability of the powder compaction into tablets with 
adequate mechanical strength (Amidon et al., 2017). Tablet 
tensile strength contributes from compression bonding. 
Theoretically, when granules undergo compression, both 
elastic and plastic deformation can occur simultaneously but 
one usually predominates. Plastic deformation creates a 
large number of contact points between particles where 
bonding occurs. Particle fragmentation happens next at 
higher compression pressure and creates new clean surface 
sites where particle bonding occurs (Miller, 1999).  

Tablets consisting SDL showed the different profile 
from those consisting MCLs. By its nature, SDL performs 
predominantly brittle fracture. The existing amorphous 
lactose in SDL also performs plastic deformation (Munoz-
Ruiz et al, 1993; Gharraibeh and Aburub, 2013). Higher 
amorphous contents provide superior tabletability (Russu   
et al., 2006; Ruangchayajatuporn et al, 2011). At low 

pressure (195 MPa) tablet tensile strength was low because 
it might not reach the critical compaction. At higher pressure 
the plastic deforming amorphous lactose and crystalline 
lactose worked together and the tablet tensile strength 
increased significantly (ANOVA, Tukey post-hoc test, p 
<0.01). Tablet tensile strength of MCL00, MCL10 and 
MCL15 did not increase proportionally with the increasing 
compression pressure (ANOVA, p>0.01). This indicated that 
the maximum of plastic deformation almost reached at 10 – 
20 kN pressures. At higher compaction, brittle fracture 
deformation of mannitol did not freely take place.  

The main purpose of binder is to enlarge size of 
agglomerates and thus improve flowability of the granules. 
The successive binder should also improve tablet tensile 
strength and tablet friability. Lactitol itself cannot be 
compressed into tablets of sufficient hardness (Bolhuis         
et al., 2009). It has not been considered to be used as a 
binder thus there is not much information available about 
this use. However, Olinger et al. fabricated direct 
compression lactitol granules conducting with various 
binders including lactitol solution (2-30% dry weight). They 
found that lactitol surprisingly worked very well (Olinger and 
Pearson, 1998). As shown in Figure 1, tensile strength of 
tablets from MCLs granules increase with the increase 
amount of lactitol. The tensile strength of MCL10 and 
MCL15 was higher than MCL00 (ANOVA, Tukey post-hoc 
test, p <0.01). This was expected to happen because the 
higher amount of lactitol could cause more plastic 
deformation and increased stronger bonding between 
adjacent particles. By the fact that amorphous lactose in 
SDL is responsible for the better binding and plastic 
deformation whereas it still undergoes fragmentation under 
compaction (Bolhuis et al., 2004; Gohel and Jogani, 2005). 
It is noteworthy to point out that SDL needed more 
compaction to yield the equal tablet tensile strength. 
Therefore MCLs consumed less energy in tabletting and 
reduced the machine deterioration. However, theirs exact 
behaviors under compaction are complicate and need to 
further investigate using more proper instruments.  
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Lubricant sensititvity ratio (LSR) 
Most lubricants are hydrophobic and provide 

lubricant film on the surface of particles. Lubricants reduce 
die wall friction during tablet compression and ejection and 
also prevent the formation of compaction. This effect is more 
sensitive in high plastically materials (Almaya and Aburup, 
2008). The effect of lubricant on tablets hardness depends 
on many factors such as its nature, concentration, mixing 
time (Shah and Mlodozeniec, 1977) and specific surface 
area (Obe and Otsuka, 2012). However, other properties of 
excipients such as particle size, flowability and deformation 
mechanism also influence on the lubricant sensitivity 
(Almaya and Aburub, 2008). 

Table 3 shows the LSRs of four lubricants. All 
tablets hardness was weakened by lubricants, except those 
of tablets contained talc resulted in the lowest LSRs in 
MCLs. Talc is less efficient in lubrication than magnesium 
stearate since it has less hydrophobicity and has weakly-
bonded sheet structure which allows them to slip past one 
another (Fiume, 2012; Li and Wu, 2014). Talc is usually 
replaced when formulation with magnesium stearate 
exhibited in excessive problems.  

Other three lubricants (magnesium stearate, 
calcium stearate and sodium fumaryl stearate) are metallic 

salts of fatty acid. They differ in melting point, hydrophobicity 
and impurity but their lubricant efficiency is similar. Among 
these lubricants, sodium fumaryl stearate is usually used 
because it is less hydrophobic than magnesium stearate and 
calcium stearate whereas prolonged mixing time improves 
its lubricated effect and has no effect on disintegration time 
(Li and Wu, 2014).  

Considering each lubricant, LSRs of MCLs 
significantly higher than SDL (ANOVA, Tukey post-hoc test, 
p <0.01). These results due to the larger in median particle 
size of MCLs (455 – 610 m) compared to that of SDL (130 
m). Hence, the lower amount of lubricant is needed for 
effective coverage. In accordance with aforementioned 
tabletabity results that MCLs underwent plastic deformation 
rather than brittle fracture. Corn starch in MCLs protected 
the fragmentation of mannitol thus new clean surface was 
less fractured under compaction.   

Prolonging the mixing time decreased the hardness 
of tablets made from both MCLs and SDL but there was no 
statistically significant difference between 5 min and 20 min 
of mixing time (ANOVA, p>0.01).   However, the overcoating 
of lubricant may affect the wettability of the particles and 
prolongs dissolution time (Obe and Otsuka, 2012).   

 
 

Table 3. Lubricant sensitivity ratio of placebo tablets.  
DC 

excipients 
Mixing  

Time (min) 
Lubricant sensitivity ratio (LSR)  

Talc Mag. stearate Cal. stearate Sod. fumaryl stearate 
MCL00 5 0.00 0.34 0.32 0.35 

 20 0.00 0.40 0.40 0.33 

MCL10 5 0.28 0.41 0.42 0.29 

 20 0.33 0.37 0.42 0.33 

MCL15 5 0.28 0.41 0.50 0.53 

 20 0.38 0.48 0.59 0.48 

SDL 5 0.10 0.10 0.10 0.05 

 20 0.15 0.20 0.15 0.19 
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Stability data 
Table 4 presents the stability data of placebo 

tablets after storing for 6 months in well closed container 
and opened container to exacerbate high humidity. Among 
three MCL excipients, tablets made from MCL00 did not 
successfully comply the friability test. At 45C/75%RH, all 
batches in well-closed containers or opened containers 
exhibited the minor reduction of tablet hardness. 

Disintegration time of all formulas increased from the initial 
time except for MCL00. The mean weight of tablets, 
disintegration time and %friability were not likely to change. 
The results showed that placebo tablets itself could 
persevere the physical appearance, tablet hardness, 
disintegration time and friability within the specified limits 
throughout the storage period. 

 
 

Table 4. Stability data of placebo tablets prepared by using a rotary tableting machine at speed of 25 rpm. 
DC 

fillers 
Storage 

conditions  
Tablet 

weight (mg) 
(n=20) 

Crushing 
strength 
(kP) 

Tensile 
strength 
(MPa) 

Disintegration 
time (min) 

%Friability 

MCL00 Initial time 201.3 ± 1.9 4.29 ± 0.22 1.10 ± 0.3 0.5 ± 0.0 1.25 
 RT 201.0 ± 2.0 6.10 ± 0.30 1.60 ± 0.1 0.6 ± 0.1 1.45 
 45C/75%RH 200.4 ± 2.2 5.88 ± 0.00 1.57 ± 0.1 0.5 ± 0.1 1.35 
 45C/75%RH* 200.6 ± 2.2 5.84 ± 0.29 1.50 ± 0.1 0.5 ± 0.0 1.09 

MCL10 Initial time 202.0 ± 2.1 8.35 ± 0.54 2.16 ± 0.3 2.3 ± 0.1 0.34 
 RT 202.0 ± 1.6 9.56 ± 0.63 2.52 ± 0.2 4.0 ± 0.1 0.38 
 45C/75%RH 200.3 ± 1.9 8.60 ± 0.41 2.25 ± 0.1 4.2 ± 0.5 0.49 
 45C/75%RH* 203.7 ± 2.1 6.85 ± 0.44 1.74 ± 0.1 4.9 ± 0.1 0.61 

MCL15 Initial time 201.7 ± 2.5 11.12 ± 0.86 2.96 ± 0.1 2.9 ± 0.2 0.28 
 RT 201.5 ± 2.9 13.10 ± 0.87 3.49 ± 0.2 4.4 ± 0.6 0.34 
 45C/75%RH 199.4 ± 3.4 11.58 ± 0.77 3.05 ± 0.2 5.6 ± 0.5 0.45 
 45C/75%RH* 201.6 ± 3.0 9.94 ± 0.89 2.59 ± 0.2 5.9 ± 0.6 0.46 

SDL Initial time 200.0 ± 1.3 4.31 ± 0.52 1.16 ± 0.2 5.4 ± 0.1 1.25 
 RT 200.1 ± 1.6 6.72 ± 0.44 1.85 ± 0.1 19.6 ± 0.5 0.77 
 45C/75%RH 200.1 ± 1.9 7.77 ± 0.67 2.14  ± 0.2 19.6  ± 0.4 0.71 
 45C/75%RH* 200.0 ± 0.9 7.63 ± 0.89 2.10 ± 0.2 17.6 ± 0.6 0.59 

   * The tablets were packed in opened containers. 
 

HCTZ tablets properties and drug release 
Table 5 demonstrates the physical properties of 

HCTZ tablets. In preliminary study, three formulations were 
developed in a 200 mg/tab to go along with the placebo 
tablet. Tablets were compressed using a rotary tabletting 
machine to expand the process to the ideal size of 
manufacturing-scale. The tablets were produced by 
controlling the compression pressure and optimized the 

crushing strength close to those from hydraulic hand press. 
The rotating speed was set at 25 rpm. The data showed that 
all the physical properties were acceptable except for the 
friability of the tablets consisting MCL00 thus the drug 
dissolution was not tested.  The percentage drug dissolved 
of HCTZ-MCL10 acceptably passed the dissolution test but 
that from MCL15 was less than 60%(Q) in 60 min. HCTZ-
MCL15 exhibited significantly higher tablet crushing strength 
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when compared to MCL00 and MCL10 (ANOVA, Tukey 
post-hoc test, p<0.01). Without the adding of 
superdisintegrant, HCTZ-MCLs disintegrated within 0.4 ± 
0.0 to 10.2 ± 1.3 min. In this series, the increase in tablets 
tensile strength and the tablet weight conversely influenced 
the water penetration into the tablet core and prolonged the 
disintegration time. Thus, HCTZ tablets in weight of 180 

mg/tab were subsequently formulated with the adding of 2-
4%w/w of superdisintegrant. MCL10 was selected for this 
aspect. Croscarmellose sodium (Ac-di-sol) was used 
because it was well documented for the mechanism of 
swelling, wicking and strain recovery (Desai et al., 2016).   

 

 

Table 5. Physical properties and similarity factors of hydrochlorothiazide tablets.  

Tablet 
excipients 

Tablet weight 
(mg)  
(n=20) 

Crushing 
strength (kP) 

(n=10) 

Thickness 
(mm) (n=10) 

%  
Friability 

DT (min)  
(n=6) 

f2 
(n =12) 

MCL00 203.7 ± 2.3 3.59 ± 0.33 2.89 ± 0.04 1.85 0.4 ± 0.0 - 

MCL10 200.7 ± 3.3 4.90 ± 0.33 2.84 ± 0.05 0.47 7.9 ± 1.2 - 

MCL15 200.3 ± 3.6 7.26 ± 0.63 2.83 ± 0.01 0.42 10.2 ± 1.3 - 

MCL10 + 0%* 179.3 ± 2.7 4.06 ± 0.41 2.50 ± 0.04 0.67 3.5 ± 0.4 51 

MCL10 + 2%* 180.7 ± 2.2 4.24 ± 0.39 2.52 ± 0.03 0.55 1.1 ± 0.2 60 

MCL10 + 4%* 180.3 ± 2.6 5.25 ± 0.51 2.51 ± 0.05 0.56 1.3 ± 0.3 54 

* HCTZ tablets containing croscarmellose sodium (Ac-di-sol).  
 
To control equal pressure applied to each formula, 

hydraulic hand press was used. In this series, the tablet 
crushing strength was found to be 4.06 ± 0.41 kP to 5.25 ± 
0.51 kP and the friability was within the official limit. 
Disintegration time of the HCTZ-MCL10 tablets containing 
2%w/w and 4%w/w croscarmellose sodium was reduced 
significantly in comparison to that without the adding 
(ANOVA, Tukey post-hoc test, p <0.01). As a result, 
disintegrating time reduced from 3.5 ± 0.4 min to 1.1 ± 0.2 
min and 1.3 ± 0.3 min, respectively. There 
was no statistically significant difference between the 
disintegration time of the formulas adding croscarmellose 
sodium of 2% and 4% (ANOVA, p >0.01).   

 

 
Figure 2. Comparative in vitro drug release profiles of 

hydrochlorothiazide tablets.  
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Figure 2 presents the dissolution data of all HCTZ 
formulations. To anticipate bioequivalence of the developed 
formulations, similarity factor (f2) was calculated from HCTZ 
tablets dissolution data (n=12) compared to the original 
product. The similar factor was 51, 60 and 54 for HCTZ 
tablets from MCL10 with 0%, 2% and 4% w/w of 
croscarmellose sodium, respectively. The results indicated 
that formulation of a very slightly soluble drug like HCTZ, 
the addition of the optimal amount of superdisintegrant to 
promote the rapid disintegration should be considered. 

 

Conclusion 
 Lactitol was proved to be an effective binder for the 
co-processed granules. MCL excipients consisting lactitol 
exhibited good flow properties and suited for direct 
compression excipient. MCL10 and MCL15 excipients were 
capable to produce tablets with satisfactory mechanical 
strength and good stability. Placebo tablets from MCL10 and 
MCL15 complied with the acceptance criteria according to 
pharmaceutical compendia. HCTZ-MCL10 showed the good 
physical characteristics and passed the dissolution test 
without adding external superdisintegrant. In case of the 
high binding ability of MCL15 and the nature of HCTZ 
caused long disintegration time and insufficient of drug 
dissolving within 60 min. The addition of superdisintegrant 
should be needed to improve this adequacy.   

 
References 
Alebiowu G, Italio OA. Compressional characteristics of 

native and pregelatinized forms of sorghum, 
plantain, and corn starches and the mechanical 
properties of their tablets. Drug Dev Ind Pharm 
2002; 28: 663-672.  

Almaya A, Aburup A. Effect of particle size on compaction 
of materials with different deformation mechanisms 
with and without lubricants. AAPS PharmSciTech 
2008; 9(2): 414-418. 

Amidon GE, Meyer PJ, Mudie DM. Particle, powder and 
compact characterization. In: Qiu Y, Chen Y, Zhang 
GGZ, Yu L, Mantri RV, editors. Developing Solid 
Oral Dosage Forms: Pharmaceutical Theory and 
Practice. 2nd ed. Tokyo: Academic Press; 2017. 
271-290. 

Bolhuis GK, Armstrong NA. Excipient for direct 
compression-Update. Pharm Dev Tech 2006; 11(1): 
111-124. 

 Bolhuis GK, Rexwinkel EG, Zuurman K. Polyols as filler-
binders for disintegrating tablets prepared by direct 
compaction. Drug Dev Ind Pharm 2009; 35: 671-
677. 

Builders PF, Arhewoh MI. Pharmaceutical applications of 
native starch in conventional drug delivery. Starch 
2016; 68: 864-873. 

Carter BL, Emst ME. Diuretic in hypertension. In: Bakris GL, 
Sorentio MJ, editors. Hypertension: A Companion 
to Braunwald’s Heart Disease. 3rd edition. [Internet]. 
Elsevier; 2017. [cited 2017 Sep 12] Available from: 
Ebook Library 

Connors KA, Amidon GL, Stella VJ. Chemical stability of 
pharmaceuticals: A handbook for pharmacists. 2nd 
edition. New York: John Wiley & Son; 1986. 478-
481.   

Daraghmeh N, Chowdhry BZ, Leharne SA, Al Omari MMH, 
Badwan AA. Coprocessed chitin-mannitol as a new 
excipient for oro-dispersible tablets. Mar Drugs 
2015; 13: 1739-1764. 

Desai PM, Liew CV, Heng PWS. Review of disintegrants 
and the disintegration phenomena. J Pharm Sci 
2016; 105: 2545-2555. 

Fiume MM. Safety assessment of talc as used in 
cosmetics. [Online]; 2012 Dec 18 [cited 2017 Sep 
20]. Available from: http://www.cir-safety.org/sites/ 
default/files/talc122012tent_faa_final%20for%20po
sting.pdf 



Development of Mannitol-Corn Starch Co-processed Direct Compression Excipient Using Lactitol as Binder 
Channarong S. et al. 
_______________________________________________________________________________________________ 
 

75 

IJPS 
Vol. 13 No. 4 October – December 2017 

 

Food and drug administration. Guidance for industry: 
Dissolution testing of immediate release solid oral 
dosage forms. Rockville, MD: US Department of 
Health and Human Services, Food and drug 
administration, Center for drug evaluation and 
research; 1997. 

Gharraibeh SF, Aburub A. Use of first derivative of 
displacement vs. force profiles to determine 
deformation behavior of compressed powders. 
AAPS Pharm Sci Tech 2013; 14(1): 398-401.  

Gohel MC, Jogani PD. A review of co-processed direct 
compressible excipients. J Pharm Pharmaceut Sci 
2005; 8(1): 76-93. 

Gonnissen Y, Remon JP, Vervaet C. Development of 
directly compressible powders via co-spray drying. 
Eur J Pharma Biopharm 2007; 67: 220-226. 

Jacob S, Shirwaikar AA, Joseph A, Srinivasan KK. Novel 
co-processed excipients of mannitol and 
microcrystalline cellulose for preparing fast 
dissolving tablets of glipizide. Indian J Pharm Sci 
2007; 63: 633-639. 

Lerk CF. Consolidation and compaction of lactose. Drug Dev 
Ind Pharm 1993; 16: 2359-2398. 

Li J, Wu Y. Lubricant in pharmaceutical solid dosage forms. 
Lubricants 2014; 2: 21-43. 

Lindenberg M, Kopp S, Dressman JB. Classification of orally 
administered drugs on the World Health 
Organization Model list of Essential Medicines 
according to the biopharmaceutics classification 
system. Eur J Pharm Biopharm 2004; 58: 256-278. 

Lusina M, Cindric T, Tomaic J, Pozaic L, Musulin N. Stability 
study of losartan/hydrochlorothiazide tablets. Int J 
Pharm 2005; 291(1-2): 127-137.  

Miller R. Roller compaction technology. In: Parikh DM, 
editor. Handbook of pharmaceutical granulation 
technology. 2nd edition. New York: Taylor & Francis; 
2005, 159-188. 

Mirani AG, Patankar SP, Borole VS, Pawas AS, Kadam VJ. 
Direct compression high functionality excipient 
using coprocessing technique: a brief review. Curr 
Drug Deliv 2011; 8(4): 426-435. 

Munoz-Ruiz A, Perales MCM, Antequera MVV, Villar TP, 
Munoz-Munoz N, Jimenez-Castellanos MR. 
Rheology and compression characteristics of 
lactose based direct compression excipients. Int J 
Pharm 1993; 95(1-3): 201-207. 

Obe H, Otsuka M.  Effects of lubricant-mixing time on 
prolongation of dissolution time and its prediction 
by measuring near infrared spectra from tablets. 
Drug Dev Ind Pharm 2012; 38(4): 412-419. 

Ochubiojo EM, Asha Rodrigues. Starch: From food to 
medicine. In: Valdez B, editor. Scientific, health and 
social aspects of the food industry. [Online]; 2012 
Feb 01 [cited 2017 Sep 20]. Available 
from:http://www.intechopen.com/books/scientific-
health-and-social-aspects-of-the-food-
industry/starch-from- food-to-medicine. 

Ohrem HL, Schornick E, Ognibene R. Why is mannitol 
becoming more and more popular as a 
pharmaceutical excipient in solid dosage forms? 
Pharm Dev Tech 2014; 19(3): 257-262. 

Olinger PM, Pearson J. Directly compressible lactitol and 
method. Finland; US 5846568 A, 1998. 

Paronen P, Juslin M. Compressional characteristics of four 
starches. J Pharm Pharmaco 1983; 35(10): 627-
635. 

Roquette. Pearitol [Online]. 2012 [cited 2017 Sep 25] 
Available from: https://www.roquette.com/media-
center/resources/pharma-brochure-pearlitol-
mannitol/ 

Rowe RC, Sheskey PJ, Quin ME. Handbook of 
Pharmaceutical Excipients. 7th edition. London: 
Pharmaceutical Press; 2012. 479-482. 

 Ruangchayajatuporn J, Amornsakchai T, Sinchaipanid N, 
Mitrevej A. Compaction behavior and optimization 
of spray-dried lactose with various amorphous 
content. J Drug Del Sci Tech 2011; 21(2): 175-181. 

Russu IG, Eissens AC, Bolhuis GK. Tableting properties of 
an improved spray-dried lactose. J Drug Del Sci 
Tech 2006; 16(6): 455-459. 



การพฒันาสารตอกอดัโดยตรงรว่มกระบวนการจากแมนนิทอลและแป้งขา้วโพดโดยใชแ้ลคตทิอลเป็นสารยดึเกาะ 
สนุี ชาญณรงค ์และคณะ 

_______________________________________________________________________________________________ 
 

76 

ว. เภสชัศาสตรอ์สีาน 
ปีที ่13 ฉบบัที ่4 ต.ค. – ธ.ค. 2560 

Saha S, Shahiwala AA. Multifunctional co-processed 
excipients for improved tabletting performance. 
Expert Opin Drug Deliv 2009; 6(2): 197-208. 

SPI Pharma. Mannogem mannitol [Online]. 2016 [cited 2017 
Sep 25] Available from: 
https://www.spipharma.com/content/documents/Ma
nnogem_PSB_KK_032316_Final.pdf 

United States Pharmacopoeia-National Formulary 
(USP29/NF24). Rockville MD: United States 
Pharmacopeial Convention, Inc; 2005.  

United States Pharmacopoeia-National Formulary 
(USP35/NF30). Rockville MD: United States 
Pharmacopeial Convention, Inc; 2012. 

Wadher SJ, Kalyankar TM, Puranik MP, Jayshri S. A 
Stability indicating validated method for the 
quantitation of hydrochlorothiazide by using diffuse 
reflectance infrared fourier transform spectroscopy 
in bulk and tablet dosage form. Int J MediPharm 
Res 2016; 2(1): 32-41. 

Zacharis C. Lactitol. In O’Donnell K, Kearsley MW, editors. 
Sweeteners and sugar alternatives in food 
technology. 2nd ed. Singapore: Wiley-Blackwell 
Printing; 2012. 275-292. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


