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Tablet formulation of the crude aqueous extract of the leaves of Vernonia galamensis (Asteraceae), used for the treatment of diabetes 
in folk medicine was carried out using the wet granulation method. The dried extract is deliquescent in nature; therefore, efflorescent 
diluents were carefully selected for the formulation. The purpose of this study was to establish suitable diluents for the formulation of 
Vernonia galamensis tablets and to study the compressional characteristics and drug release profile. The efflorescent diluents were; 
calcium phosphate (Hopkins and Williams, UK), Aerosil® 200 (GmbH, Meggle, Germany) and Avicel® PH 101 (FMC Corporation, 
USA). The dissolution times of tablets were determined as specified in BP 2007. Heckel analysis was used for compaction studies, 
tensile strength for mechanical strength and dissolution time for drug release studies. GraphPad Prism® version 5.03 software was 
used for statistical analysis. Negative intercepts were a major limitation to the use of Heckel analysis, but good quality tablets of the 
deliquescent crude extract of Vernonia galamensis (Asteraceae) with acceptable release profile could be formulated using calcium 
phosphate as diluent and polyvinylpyrrolidone (5%, w/v) as binder at a compression pressure of 290 MNm–2. 

Key words: Compressibility, dissolution, Heckel equation

Address for correspondence: Dr. Autamashih Musa, Department of Pharmaceutics and Pharmaceutical Microbiology, Faculty of Pharmaceutical 
Sciences, Ahmadu Bello University, Zaria, Nigeria. E-mail: autamash@gmail.com  
Received: 24-11-2010; Accepted: 03-02-2011

Access this article online
Quick Response Code:

Website: 

www.greenpharmacy.info

DOI:  
***

INTRODUCTION

Oral communication with traditional herbalists in 
northern Nigeria revealed the folk use of the dried 
powdered leaves of Vernonia galamensis (Asteraceae) 
in the treatment of diabetes mellitus. But folkloric 
medicines generally have no standard dose or acceptable 
method of formulation.[1] In this study therefore, efforts 
were made to formulate tablets of the crude extract 
of Vernonia galamensis (EVG) and investigate the 
compressional characteristics and release profile. Tablets 
are by far the most popular and versatile dosage form 
due to their advantages for both manufacturer and user 
which include durability, convenience of administration 
and accurate dosing.[2] 

MATERIALS AND METHODS

Materials	
Polyvinylpyrrolidone (PVP) was obtained from Aldrich 

Chemical company, USA; Calcium phosphate and 
Magnesium stearate from Hopkins and Williams, UK; 
Aerosil® 200 (AR) from GmbH, Meggle, Germany and 
Avicel® PH 101 (AV) from FMC Corporation, USA 

Methods
Preparation of the extract: - Leaves of Vernonia galamensis 
were plugged from the stem, washed with distilled 
water, dried in open air and milled to a coarse (1000 
µm) powder. The powder was then soaked in distilled 
water for 24 h at room temperature and the liquid extract 
filtered through a calico cloth and concentrated to a 
ratio of 5:1 using a rotary evaporator. The concentrated 
filtrate was then transferred into a tray and dried in an 
oven at 60°C until dry. The dry extract was pulverized 
using a mortar and pestle and then passed through a 
150 µm sieve.

Preparation of granules and particle size classification: 
These were done according to the methods adopted by 
Isimi et al.[3] 

Preparation and analysis of compacts: Compacts 
equivalent to 300 mg of granules were produced by 
compressing the granules for 60s at various compression 
pressures using a single punch tablet machine 
(Tianxiang and Chentai Pharmaceutical Machinery 
Co. Ltd., Shanghai, China) fitted with 10.5 mm flat 
punch and die set. After ejection, the tablets were stored 
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over silica gel in a desiccator for 24 h to allow for elastic 
recovery and hardening preventing false low-yield values.[4] 
Dimensions of the compacts were determined to the nearest 
0.01 mm with a Mitutoyo model IDC-1012 EB micrometer 
gauge (Mitutoyo Corporation, Japan). 

Heckel analysis: The Heckel equation is written as follows:[5] 

ln[1/(1 – D)]=KP + A, 	 (1)

where D is the ratio of the density of the powder mass at 
pressure P to the density of the powder mixture (i.e. relative 
density). K is the slope of the straight portion of the graph, 
reflects the reduction in porosity or the resistance to volume 
reduction of granules and A is a constant. The yield pressure, 
PY, is usually calculated as the reciprocal of the linear portion 
of the slope of the Heckel plot. The relative density DA is 
calculated from the intercept, A, using the equation:[6]

DA=1 – e–A.	 (2)

Here DB is the relative density during the rearrangement 
phase is calculated from the difference between DA and DO 
(relative density of the granules at nil pressure). 

Tensile Strength: This is a non-compendial method of 
measuring the mechanical strength of tablets. It is the force 
required to break a tablet in a diametral compression test. 
The tensile strength (TS) was calculated from the equation:

TS=2CS/πDd,	 (3)

where CS is the crushing strength which is the force required 
to break the tablet, D and d are the diameter and thickness, 
respectively.[7] 

Data analysis: The graphs were plotted and analyzed using 

the non linear regression of XY analyses in the GraphPad 
Prism® version 5.03 software. The data used to plot the 
graphs were the mean of three readings±SD.

RESULTS AND DISCUSSION

Based on the Heckel’s equation, three types of powder 
compression behaviour have been identified, namely type 
A, B and C.[8,9] Figures 1−3 depict the Heckel plots obtained 
for granules formulated using EVG/AR, EVG/AV and EVG/
CP combinations with various concentrations of PVP (2.5, 
5.0 or 7.5%) as binder. Relatively parallel relationships were 
observed with the plots at all applied pressures which is 
more indicative of type-A materials. This implies that the 
granules containing these combinations at all concentrations 
of the PVP principally undergo plastic deformation.[9] 

The observed deformation characteristics (plastic flow) for 
all samples used, may have to do with the deliquescent 
property of the extract. Ebube et al, reported the deformation 
characteristics for all samples of the extremely hygroscopic 
and deliquescent chondroitin sulfate used in their study to 
be by plastic flow.[10] The increase in slope at higher pressure 
indicates an increase in the rate of densification as the void 
spaces between particles decrease. Figure 4 shows that the 
EVG/AV/PVP compacts were compressed at higher relative 
densities than those of EVG/AR/PVP and EVG/CP/PVP. The 
rank order for densification depending on the diluent type 
was as follows; EVG/AV/PVP>EVG/AR/PVP>EVG/CP/PVP.

Py which is the yield pressure is an important indication of 
granule compressibility and it describes the tendency of the 
material to deform either by plastic flow or fragmentation.[11] 
A faster degree of plastic deformation is reflected by a low 
Py value (steep slope) in a general sense.[12] A low Py value, 
however, need not necessarily reflect that the compact has 
an acceptable tensile strength.[13] Table 1 show that for all 

Table 1: Mean granule size, moisture content, compressibility and Heckel constants for different formulations
Diluent Binder (PVP) 

(%)
Mean 

granule size 
(µm)

Moisture 
content (%)

Carr's 
 index 

 (%)

Py  
 (MNm-2)

A DA  Do  DB

AR 250±1.2 1.5±0.1 11.6±0.2 416.7±1.50 −0.18±0.01 −0.20 0.28±0.04 −0.48 
AV 2.5 500±3.5 2.0±0.1 12.9±0.1 188.7±2.70 −0.92±0.02 −1.51 0.24±0.08 −1.75
CP 1000±1.7 2.5±0.1 7.7±0.3 178.6±2.90 −1.19±0.02 −2.29 0.31±0.02 −2.60 

AR 250±1.7 2.0±0.1 18.4±0.2 454.6±1.70 −0.22±0.01 −0.20 0.20±0.07 −0.01
AV 5.0 500±3.2 1.5±0.1 16.7±0.1 293.6±2.40 −0.35±0.01 −0.42 0.24±0.04 −0.66 
CP 1000±1.4 1.5±0.1 11.8±0.1 181.8±2.10 −1.22±0.02 −2.40 0.35±0.01 −2.75 

AR 250±1.3 5.0±0.1 12.2±0.1 769.2±1.30 −0.00±0.01 −0.00 0.22±0.03 −0.22 
AV 7.5 500±3.8 2.0±0.1 16.1±0.1 769.2±1.90 0.18±0.01 −0.16 0.18±0.04 −0.02 
CP 1000±1.1 2.5±0.1 3.6±0.3 227.3±2.30 −0.90±0.01 −1.46 0.41±0.02 −1.88 
AR – Aerosil® 200; AV – Avicel® PH 101; CP – Calcium phosphate; PVP – Polyvinylpyrrolidone. Results were expressed as mean±SD of three runs
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diluents used (AR, AV and CP), Py values were observed 
to increase as the binder concentration was increased 
from 2.5% to 7.5%. Formulations made with CP as diluent 
gave lower Py values than those with either AR or AV at 
all binder concentrations, indicating that granules of the 
former deformed plastically at lower pressures than those 
of the later ones. 

Negative intercepts were observed in almost all the 
formulations. This may have to do with the intrinsic 
characteristics of the extract; being deliquescent in nature. 
As a result of the negative intercepts, negative values 
of both DA and DB were also obtained by calculation. 
Mathematically, the negative values can easily be explained 
as follows; from Table 1, granules formulated with AR 
as diluent had the highest DA and DB values while those 
formulated with CP as diluent had the lowest DA and DB 
values; the rank order of the DA and DB values for all the 
three diluents used at all the binder concentrations (2.5, 
5.0 or 7.5%) were AR>AV>CP. But considering this issue 
more critically, the mathematical explanation above have 

no sense of practical application because DA represents the 
total degree of densification at zero and low pressures and 
DB represents the particle rearrangement phase in the early 
compression stages which also indicate the extent of granule 
fragmentation.[14] This means that, if for instance we have 
a situation where zero values of DA and DB are obtained, 
the explanation would be that there is no densification at 
zero and low pressure and no particle rearrangement or 
granule fragmentation at all. But in this situation where 
negative values of the DA and DB were obtained, how does 
anyone explain the degree of densification at zero and low 
pressures and the particle rearrangement phase or the 
extent of granule fragmentation? Certainly, this is another 
limitation of the Heckel equation yet to be reported. Few 
researchers have also reported negative intercepts while 
using the Heckel equation,[2,15,16] but none tangibly explained 
the implication of having the resulting negative values of 
DA and DB or clearly observed that the negative values 
were an added limitation of the Heckel equation. Other 
limitations of the Heckel equation have been enumerated 
by Sonnergaard.[17]

Figure 1: Heckel plots for EVG/AR compacts using selected concentrations of 
PVP as binder

Figure 3: Heckel plots for EVG/CP compacts using selected concentrations of 
PVP as binder

Figure 2: Heckel plots for EVG/AV compacts using selected concentrations of 
PVP as binder 

Figure 4: Heckel plots for EVG/CP compacts using selected concentrations of 
PVP as binder
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Moisture content was found to increase as the binder 
concentration was increased. This agrees with previous 
work which showed that increased binder concentration 
and moisture content usually result in increased tablet 
tensile strength.[18] Also D0 values for granules formulated 
with CP were found to increase as binder concentration 
was increased and this may be attributed to the differences 
in particle size and shape.[19] DB increased with an increase 
in binder concentration for granules formulated with AV 
as diluent, while there was a decrease in DB values with an 
increase in binder concentration for granules formulated 
with CP. DB values for formulations with AR increased as 
binder concentration was increased from 2.5% to 5.0%, and 
then decreased as the binder concentration was increased 
to 7.5. Granules prepared using PVP 5% (w/v) showed 
better compressibility (Carr’s index) than those prepared 
using either the 2.5% (w/v) or 7.5% (w/v) concentrations 
of PVP [Table 1]. 

Figures 5−7 depict the pressure-tensile strength profile 

Figure 5: Tensile strength vs compression pressure for tablets produced using 
AR as diluent and PVP (5%, w/v) as binder

Figure 7: Tensile strength vs compression pressure for tablets produced using 
CP as diluent and PVP (5%, w/v) as binder

Figure 6: Tensile strength vs compression pressure for tablets produced using 
AV as diluent and PVP (5%, w/v) as binder

Figure 8: Percentage amount of drug release vs time for EVG tablets produced 
with selected diluents (AR, AV and CP) using PVP (5%, w/v) as binder

of compacts formulated using EVG/AR/PVP, EVG/AV/
PVP and EVG/CP/PVP combinations respectively. All 
the granules exhibited significant sensitivity to changes 
in the compaction force. For EVG/AR/PVP and EVG/AV/
PVP compacts [Figures 5 and 6], the tensile strength for all 
the granule size ranges showed slight decreased with an 
increase in compaction pressure from 260 to 290 MNm–2 
followed by an increase to 320 MNm–2, whereas for the 
EVG/CP/PVP compacts, the tensile strength increased up 
to 290 MNm–2 (except for the >150<500 µm size range which 
slightly increased) followed by a sharp decrease for all the 
granule size ranges. This can be ascribed to the possibility 
of the work associated with compaction above 290 MNm–2 
being recovered during elastic relaxation, which resulted 
in a weakening of the tablet structure.[20] 

Figure 8 presents the results of the dissolution profile of 
formulations with the three diluents (AR, AV and CP). The 
rank order for dissolution rate is as follows; CP>AR>AV. 
For formulations with CP, 70% of the extract was released 
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within 10 minutes. This conforms to BP 2007 standard, 
which specifies that uncoated tablets should release 70% or 
more of active ingredients within 45 minutes. Formulations 
with AR and AV failed to meet the standard.

CONCLUSIONS

Negative intercepts gotten while applying the Heckel 
analysis on the dry deliquescent crude extract of 
Vernonia galamensis is another major limitation to the 
use of the equation. Examination of the compressibility 
profile suggests the optimum compression pressure of  
290 MNm–2 for formulations using CP as diluent, whereas 
both compaction and compressibility profiles of the extract 
were greatly affected by the diluent type. Only formulations 
with CP as diluent met the BP 2007 standard for dissolution 
rate implying that good quality tablets of the crude extract 
could be produced using CP as diluent and PVP as binder 
at 5% (w/v) concentration. 

REFERENCES 

1.	 Allagh TS, Ameh GO, Okafor IS. Formulation and evaluation of 
the physicochemical properties of (Fam asteraceae) granules and 
tablets. Nig J Pharm Sc 2009;8:18-25.

2.	 Ilic I, Kasa P, Dreu R, Pintye-Hodi K, Sircic S. The compressibility 
and compactibility of different types of lactose. Drud Dev Ind 
Pharm 2009;35:1271-80.

3.	 Ismi CY, Nasipuri RN, Ojile JB, Ibrahim YKE, Emeje M. Effects 
of the diluent type on compressional characteristics of the mixed 
stem bark extract of Anogeissus leiocarpus and Prosopis africana 
tablet formulation. Acta Pharm 2003;53:49-56.

4.	 Odeku OA. Assessment of Albizia zygia gum as a binding agent 
in tablet formulation. Acta pharm 2005;55:263-76. 

5.	 Heckel RW. An analysis of powder compaction phenomena. Trans 
Metall Soc AIME 1961;222:1001-8.

6.	 Kunle OO, Nasipuri RN, Oyewumi MO, Ojile JE, Wambebe CN. 
Formulation studies on the hot water leaf extract of Ficus sur 
(Moraceae): Compaction characteristics and effect of magnesium 

stearate on granule and tablet properties. Acta Pharm 1999;49: 
189-99. 

7.	 Fell T, Newton JM. Determination of tablet strength by the 
diametral compression test. J Pharm Sci 1970;59:688-91.

8.	 Hersey JA, Rees JE. Deformation of Particles During Briquetting, in 
Proceedings of the 2nd Particle Size Analysis Conference. Bradford: 
Society for Analytical Chemistry 1970. p. 33. 

9.	 York P, Pilpel N. The tensile strength and compression behavior of 
lactose, four fatty acids and their mixtures in relation to tableting. 
J Pharm Pharmacol 1973;25:1-11.

10.	 Ebube NK, Mark W, Hahm H. Preformulation studies and 
characterization of proposed chondroprotective agents: 
Glucosamine Hcl and chondroitin sulfate. Pharm Dev Tec 
2002;7:457-69.

11.	 Paroren P, Juslin M. Compression characteristic of four starches. 
J Pharm Pharmacol 1983;35:627-35.

12.	 Odeku OA, Itiola AO. Evaluation of khaya gum as a binder in 
a paracetamol tablet formulation. Pharm Pharmacol Commun 
1998;4:183-8.

13.	 Hyunjo K, Gopi V, Fassihi R. Compatibility characterization of 
granular fraction for Tableting using a compaction simulator. Int 
J Pharm 1998;161:149-59.

14.	 Emeje M, Isimi C, Kunle O. Effect of Grewia gum on the mechanical 
properties of paracetamol tablet formulations. Afr J Pharm 
Pharmacol 2008;2:2001-6. 

15.	 Capan Y. Influence of technological factors on formulation of 
sustained release tablets Drud Dev Ind Pharm 1989;15:925-57. 

16.	 Gonul N, Ogan-Hascicek C, Baykara T. The consolidation and 
compressibility proiperties of some novel directly compressible 
filler-binders. Acta Poloniac Pharm Drug Res 2000;57:311-17. 

17.	 Sonnergaard JM. A critical evaluation of the Heckel equation. Int 
J Pharm 1999;193:63-71. 

18.	 Sebhatu T, Ahlneck C, Alderborn G. The effect of moisture content 
on the compression and bond-formation properties of amorphous 
lactose particles. Int J Pharm 1997;146:101-14.

19.	 Itiola OA. Compression characteristics of three starches and the 
mechanical properties of their tablets. Pharm World J 1991;8:91-4. 

20.	 Gar JS, Robinstein MH. Direct compression characteristics of 
Xylitol. Int J Pharm 1990;64:223-6.

How to cite this article: ***

Source of Support: Nil, Conflict of Interest: None declared.

Autamashih, et al.: Compressional characteristics of V. galamensis tablets

Staying in touch with the journal

1)	 Table of Contents (TOC) email alert 
	 Receive an email alert containing the TOC when a new complete issue of the journal is made available online. To register for TOC alerts go to 

www.greenpharmacy.info/signup.asp.

2)	 RSS feeds 
	 Really Simple Syndication (RSS) helps you to get alerts on new publication right on your desktop without going to the journal’s website. 

You need a software (e.g. RSSReader, Feed Demon, FeedReader, My Yahoo!, NewsGator and NewzCrawler) to get advantage of this tool. 
RSS feeds can also be read through FireFox or Microsoft Outlook 2007. Once any of these small (and mostly free) software is installed, add  
www.greenpharmacy.info/rssfeed.asp as one of the feeds.

Azhar
Rectangle


