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Abstract Powders containing indometacin complexed

with b-cyclodextrin (1:1 ratio) obtained by two complex-

ation methods (suspension/solution [with water removed

by air stream, spray– and freeze–drying] and kneading

techniques) were compared between them to observe the

increase on the drug solubility and yield of the complex-

ation process. The tests used for this comparison included

the determination of the moisture content, true and bulk

densities, angle of repose, Carr’s index and in vitro drug

release (at pH 1.0) from HPMC capsules. In the dissolution

tests the drug release was analyzed considering different

parameters (similarity factor (f2), dissolution efficiency

(DE) and the amounts released (Mt) at certain times (30, 60

and 180 min) by statistic analysis (a = 0.05)). The results

obtained showed poor pharmaceutical properties for all

mixtures and that the indometacin released from capsules

containing inclusion complexes presented an increase on

solubility when compared with reference formulation

(lactose and microcrystalline cellulose instead of b-cyclo-

dextrin). The release of indometacin showed no depen-

dency on the amount of water used in the formation of the

complexes being the differences observed mostly due to

the characteristics of the particles, which were dependent

on the complexation method. However the low yield of the

complexation that occurred can be explained by the dif-

ference between the size of the drug molecule, the guest

(diameter—7.5 Å, length—14.2 Å) and the size of the

b-cyclodextrin cavity, the host (diameter—6.0–6.5 Å).

Keywords b-Cyclodextrin � Inclusion complex �
Dissolution � Capsule � Indometacin

Introduction

The solubility is an important characteristic in the drugs

bioavailability. All drugs with poor solubility and high

permeability belonging to Class II (Biopharmaceutical

Classification System, BCS [1]) need to increase their

solubility when are intended to be used in the manufacture

of immediately release solid dosage forms. The drug sol-

ubility, among other techniques, can be increased through

the formation of inclusion complexes with cyclodextrins

(CDs) characterized by a stability constant (Ks) resulting

from the profile type [2, 3]. CDs comprise a family of three

well known cyclic oligosaccharides, consisting of six,

seven or eight glucose molecules looking a truncated cone

or torus-like macro-rings built up from glucopyranose

units. These substances are crystalline, homogeneous and

non hygroscopic [2]. In an aqueous solution, the slightly

apolar CD cavity is occupied by water molecules which are

energetically unfavored (polar–apolar interaction), and

therefore can be readily substituted by appropriate ‘‘guest

molecules’’ which are less polar than water, thus producing

inclusion complexes [2]. This phenomenon occurs if the

guest or a fraction of this molecule has compatible size

with the cavity of the b-cyclodextrin (b-CD). The literature

describes several techniques for the formation of the

inclusion complexes (ex: co-precipitation, complexation in
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a slurry/paste [4], supercritical fluids [5]). In a previous

study [6] inclusion complexes were prepared using indo-

metacin (pKa value of 4.5, IN) [7] as a model drug and the

b-CD, through two methods of preparation (kneading and

suspension/solution). In the last method the water removal

was carried out by drying the materials using different

techniques. All resulting powders were used in this study as

raw-materials for filling the HPMC capsules without the

use of other excipients.

Some studies performed by other authors, where indo-

methacin was complexed with b-CD presented low Ks

values showing low affinity of this drug for the inclusion

complexes formation [6, 8–10].

The aim of this study was to obtain a more soluble

form of an indomethacin HPMC capsule formulation and

to evaluate the influence of the particles characteristics

(depending on the different preparation and water

removal methods) on the drug release from this dosage

form. Moreover, the reason of the complexation process

low yield was also interpreted based on the guest mol-

ecule and host cavity relative sizes, their energy con-

formations determined by molecular modeling and by

their Ks [11].

Materials and methods

Materials

The model drug used in this study was indomethacin (1-(p-

chlorobenzoyl)-5-methoxy-2-methylindole-3-acetic acid) a

practically insoluble in water drug (supplied by Capsifar,

Portugal) and the excipients were b-CD (Wacker, Ger-

many, b-CD), lactose (Granulac 200 Meggle, Germany,

LAC) and microcrystalline cellulose (Avicel PH 101, FMC

Biopolymer, Ireland, MCC). Hydroxypropylmethyl cellu-

lose capsule shells (HPMC, n83 shells, Qualicaps Europe,

Spain) were used instead of gelatine shells to prevent

interferences on indometacin (IN) quantification.

Hydrochloric acid (pH 1.0) and phosphate buffer

(pH 7.2) solutions were used as dissolution media [12].

Methods

Molecular modeling

IN and CD geometry molecules were optimized based in

Density Functional Theory [13] with B3LYP hybrid

functional [14] and with a 3-21G(d) [15] and using

Gaussian 03 programme [www.gaussian.com]. Minimized

energy was estimated using available protocol in same

MOE software [http://www.chemcomp.com/].

Preparation of inclusion complexes

Inclusion complexes powders (Table 1) were obtained by two

methods of complexes preparation: a) suspension/solution

with different processes of drying (air stream [AS], spray–

drying [SD], freeze–drying [FD]) and b) kneading [K] that

were described in previous study [6]. Briefly, in K method the

water was added either 50 or 70 % (w/w) (K50, K70) and in

suspension/solution the water was added according to b-CD

solubility (1.63 9 10-2 M at 25 �C). The knead mass was

dried in the preparation mortar whereas the water in suspen-

sion/solution was dried by SD (Büchi MiniSpray Dryer

B-191, Switzerland: inlet air temperature 125 �C, outlet air

temperature 98 �C, aspirator set at 100 % and flow rate set at

2.3 ml/min), by FD (Christ Alpha 1–4, B. Braun Biotech

International, Germany: samples were previously frozen at

-20 �C and then dried at 4.5–7.0 lbar for 48 h) and drying by

stream of air (room temperature, 21 �C, for 7 days) [6].

Preparation of references mixtures

Physical mixtures (PM) containing IN and b-CD and

mixtures with diluents (LAC or MCC instead of b-CD)

were produced in tumble mixer for 10 min (Fisher–Kendall

Scientific Co., USA).

All raw-materials and mixtures were sieved (250 lm,

Retsch, Germany) and, if necessary, ground in a mortar

with a pestle for the production of particles with less than

250 lm in diameter.

Characterization of the mixtures of powders

The formation of complexes (INbCD) was proved by

optical microscopy (OM), ultra-violet and infra-red spec-

troscopy (UV, IR), differential scanning calorimetry

(DSC), nuclear magnetic resonance (NMR) and X-ray

diffraction (XRPD) in a previous study [6].

In this study the raw-materials (IN, b-CD and LAC) and

all powder mixtures (Table 1) were observed by electron

microscope (JEOL-JSM-S200LV Scanning Microscope,

JOEL-JFC-1200 Fine Coater, USA) on a magnification

100, 350 and 1,500 times and their moisture contents also

was performed in a moisture analyzer (Sartorius GmbH,

Germany, at 100 �C). A measuring cylinder (50 cm3) was

used for the assessment of the bulk and tap densities

(Stampfvolumeter, Germany) [12, 16]. The Carr index

(ICr) [17] was determined using the following equation:

ICr ¼
Df � D0

Df

� 100 ð1Þ

where, D0 is the initial bulk density and Df is the tap bulk

density. The true density was determined by helium pyc-

nometry (AccuPyc 1330, Micromeritics, USA). The flow
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properties of the powders were examined with an Erweka GT

Granule tester (Erweka, Germany): powders were poured into

a funnel and then allowed to pass through a nozzle of 15 mm

diameter onto a plate for 10 s. The angle of repose was found

as the angle of the powder’s cone to the plate.

Preparation and characterization of HPMC capsules

An accurate amount of each powder mixture (50 mg, i.e.,

11.98 mg IN—Table 1) was manually filled into the cap-

sule body. The filled capsules were submitted to the dis-

integration and dissolution test.

Disintegration and dissolution studies

Disintegration test was performed in disintegration appa-

ratus (Erweka ZT3, Germany) using hydrochloric acid

pH 1.0 and phosphate buffer pH 7.2 solutions at 37 ±

1 �C.

In vitro drug release was monitored taking into consid-

eration the dissolution test described in the European

Pharmacopoeia [12], paddle method (75 rpm) using a dis-

solution apparatus (Sotax model AT7, Switzerland) con-

taining 1,000 ml of hydrochloric acid pH 1.0 or phosphate

buffer pH 7.2 solutions. IN is characterized by a pH

dependent solubility. If the dissolution medium has a low

pH (gastric conditions), which is the worst-case scenario

for IN immediate release dosage forms, the in vitro release

test results could be explained by the low drug release rate

or by the low drug solubility in that medium. In this case,

the increase of the drug solubility will result from the

existence of the inclusion complex in the medium. In case

of IN be tested in optimal pH conditions (alkaline medium,

pH 7.2), the higher dissolution during the in vitro test will

be attributed to the high solubility of the IN in these pH

conditions and not to the solubility increase due to inclu-

sion complexes (INbCD). The IN released was quantified

in a UV–Vis spectrophotometer (U-200, Hitachi, Japan) set

at 265 nm, at predetermined times (10, 20, 30, 40, 60, 90,

120, 180 and 1,440 min). The cumulative fraction of the

drug released was calculated from the total amount of

indometacin and plotted as a function of time (n = 3).

HPMC capsules produced as described were placed in each

dissolution vessel (no sink conditions).

The data from the release of indometacin was analyzed

using different dissolution parameters, namely, comparison

of the amounts released at determined times (Mtmin), the

efficiency of dissolution (DE) and the similarity factor (f2)

using the following equations [18, 19]:

ED ¼

Rt

0

y � dt

y100 � t
� 100 % ð2Þ

f2 ¼ 50

� log 1

, ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1 þ 1

n

Xn

j¼1

Rj � Tj

� �2

vu
u
t

2

4

3

5 � 100

8
<

:

9
=

;

ð3Þ

where Tj and Rj mean test and reference products over all

time points (n).

Dissolution data, at some time points (Mt) (30, 60 and

180 min) was compared statistically by ANOVA and by

post hoc HSD Tukey test (SPSS Statistics 17.0, SPSS Inc.,

Chicago, USA), at a = 0.05 significance level.

Results and discussion

Predicting complexation

The results obtained through the molecular modelling

showed the following values for energy conformations

(Einteraction = -106.6 and -84.3 kcal/mol) for the inclu-

sion complex (INbCD) which were similar to those

described in the literature [8, 11]. These values correspond

to the interaction energy of the two more stable confor-

mations that were found to inclusion complex INbCD. The

Ks value was determined in a previous study (K1:1 =

366 M-1) [6, 20]. These results together with the size of

the drug molecule, the guest (diameter—7.5 Å, length—

14.2 Å) [21] and the size of the CD cavity, the host

Table 1 Mixtures of powders

containing indometacin
Indometacin Preparation method Drying technique

INLAC Powder mix Not applicable

INMCC Powder mix Not applicable

INbCD PM Powder mix Not applicable

INbCD AS Suspension/solution Air stream

INbCD K50 Kneading (50 % of water) Stirring evaporation

INbCD K70 Kneading (70 % of water) Stirring evaporation

INbCD SD Suspension/solution Spray–drying

INbCD FD Suspension/solution Freeze–drying
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(diameter—6.0–6.5 Å, host) [2] allow to predict a low yield

inclusion complexation. The assay carried out in previous

study [6] and the dissolution tests described below cor-

roborated this interpretation. A parallel study performed in

the same conditions using Ibuprofen (IB) as drug model

showed a higher yield inclusion than obtained for IN [6].

This difference in yield complexation process can be

explained because the IB molecular size, the guest (diam-

eter—5 Å, length—10.0 Å) [22] is lesser than that of the IN

thus being compatible with the diameter size of the b-CD

cavity. This interpretation was corroborated with the results

obtained for IB energy conformations (Einteraction =

-127.9 kcal/mol e -153.7 kcal/mol) and Ks (K1:1 =

2,016 M-1), which justify its higher inclusion [6, 23].

Properties of the powders (inclusion complexes

and reference mixtures)

The PM (references) produced particles with sizes and

shapes identical to those observed for the raw-materials

(Fig. 1a). The particles of b-CD present a rectangular

shape, while IN particles presented an irregular shape. As

an example, the PM (INbCD PM) was composed of

irregular particles (IN) and rectangular shaped (b-CD)

particles [24]. For the other PM containing LAC or MCC,

instead of b-CD, the powders were composed of irregular

particles (IN), rough irregular particles (LAC) and irregular

shaped particles (MCC) (Fig. 1b). On the other hand, the

shape of the powders particles produced in the presence of

water became more spherical by opposition to the rod

shaped original particles, suggesting that new particles,

such as complexes, were produced. In the powders

(Fig. 1c) containing inclusion complexes (INbCD) the

presence of the free IN and b-CD particles was observed.

Due to the fact that the complexation yield was very low

(0.82–0.95 %) as cited in a previous study [6], the number

of particles produced corresponding to the inclusion com-

plex was not sufficient to provide evidence related to the

changes of particles of INbCD in comparison with the raw-

materials. Particles from powders obtained by K or sus-

pension/solution with SD presented smaller sizes but

identical shapes to the PM powder. However powders

produced by FD showed particles with different shapes.

The FD method was the possible explanation to this phe-

nomenon due to the fact that the complex was not present

in enough amounts for its effect to be significant. Again,

the size of the particles was very low and this can be

related to the method of drying [5].

The moisture content of the raw-materials varied

between them (Table 2). The results for binary mixtures

highlight these differences, but without any proportionality

showing that in the product end-point this parameter was

more related to the drying processes than to the remaining

water content of the raw-materials. The moisture content in

the PM should be taken into account because the residual

water may promote the formation of the complex as shown

by Frömming and Szejtli [4]. Discussed below the FD and

SD techniques were more efficient on the drying step than

the others, but the residual water seemed to be useful to

improve the powders flow ability and compressibility

(Table 2, ICr and angle of repose). The results obtained for

bulk (D0) and tap (Df) densities (Table 2) showed that the

raw-materials IN and LAC exhibited higher inter-particle

porosity than the other raw-materials. The values of b-CD

are largely in line with those presented in the literature

(0.42–0.59 and 0.74–0.76 g/cm3 for the bulk and tapped

densities, respectively) [4]. The processed formulations

showed a high inter-particle porosity for powders prepared

by FD and SD while for the others this parameter was

similar between them (AS, K50, K70). These values

reflected a greater influence of the drying techniques than

due to the production of the complexes themselves. As a

consequence, the analysis of the results for the Carr’s index

showed that low moisture contents produced the materials

with higher compressibility and higher angles of repose

[17]. This suggested that the water had a binding effect by

approaching the particles (higher bulk and tap densities)

and could provide some lubrication (lower Carr’s index

and angle of repose) to the particles, as their size was kept

constant [25]. Nevertheless, all materials showed poor flow

properties (Table 2). The Carr’s index and angle of repose

observations were confirmed on the preparation of the

capsules. The manual filling of the capsules showed that

the poor flowability of the powders was more noticed in the

INbCD SD and INbCD FD cases (amorphous material with

small and porous particles) [4, 26]. This operation could be

improved with the addition of a glidant. The true densities

values for the raw-materials were in agreement with the

literature [4, 27]. For the processed materials this param-

eter (expected and measured) didn’t show relevant differ-

ences confirming the low formation of new entities [6]. The

expected densities (Table 2) for the mixtures with IN (1:1)

were calculated using the following expression:

% drug � true density of drugð Þ þ ð% bCD or excipient

� true density of bCD or excipientÞ : ð4Þ

Disintegration tests

All HPMC capsules filled with the tested mixtures disin-

tegrated in a short period of time (between 3–12 min).

Dissolution tests

At pH = 1.0, the IN release profiles showed differences

between capsules containing reference mixtures (INLAC,
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INMCC, INbCD PM) and those produced from INbCD

complexes (Fig. 2a). The faster release for the processed

formulations was due to the presence of INbCD complexes

and to the structure of the particles, namely, specific

surface area, porosity or balance between amorphous and

crystalline fractions of materials [26, 28, 29]. The Fig. 2b

shows that the IN released didn’t achieve 100 % due to be

practically insoluble in this pH, thus proving a low yield

A - Raw-Materials
Indometacin -ciclodextrin

Lactose  Microcrystalline cellulose

B - References Mixtures INLAC  

NICCMNI CD PM

C – Inclusion Complexes INβCD AS   

         100X (100 μm)              350X (50 μm)

INβCD K50  INβCD K70 

IN NIDSDC CD FD

     100X (100 μm)                   350X (50 μm)                      100X (100 μm)                  350X (50 μm) 

β

β

β β

Fig. 1 Scanning electron micrographs: a raw-material (IN, b-CD, LAC, MCC); b reference mixtures (INLAC, INMCC, INbCD PM);

c inclusion complexes mixtures (INbCD AS, INbCD K50, INbCD K70, INbCD SD, IBbCD FD)
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inclusion previously explained [30]. Due to low inclusion

the saturation of the solvent (no sink conditions) occurs

rapidly not allowing the total IN release. The processed

powders showed practically the same release profiles,

which corroborates that the amount of the water used in

complexes formation [6] didn’t influence the yield of

inclusion. The low differences between dissolution profiles

occurred mostly due to the characteristics of the particles

which were dependent on both complexation methods and

on the different processes of drying [6].

Table 3 summarizes the data parameters (Mtmin, DE and

f2) resulting from the dissolution tests for all capsules for-

mulations. Amounts released (%) at 30, 60 and 180 min

from the various formulations processed confirms the exis-

tence in theses mixtures of IN under inclusion complex form

although this amount seemed to be low [6]. At time 30 min

MCC, LAC, PM and LAC, PM, AS groups presented results

statistically different of the AS, FD and K50, K70, SD

groups. At time 60 min MCC, LAC, PM group was statis-

tically different of the AS, SD, FD and K50, K70, SD, FD

groups. For the time 180 min MCC, LAC, PM and LAC,

PM, FD groups showed results statistically different from

the PM, AS, K50, SD, FD and AS, K50, K70, SD, FD

groups. Through the results expressed in Table 3 was pos-

sible to observe that formulations with inclusion complexes

were not significantly different between them above 60 min.

The increase of the PM mixture solubility compared to

reference mixture (absence of the b-CD) was due to the

occurrence of inclusion during the dissolution test [23, 31].

The interpretation of DE values is the same for Mt. The slight

differences for the Mt, DE values observed at time 30, 60 and

180 min for mixtures containing inclusion complexes

resulted from the different characteristics of particles as

previously cited and the disintegration period of the HPMC

Table 2 Moisture content, bulk and tap densities, compressibility index, porosity, angle of repose and true density (expected and experimental)

for all mixturesa

Moisture (%) D0 (g/cm3) Df (g/cm3) ICr (%) Angle of repose (8) q (g/cm3) expected q (g/cm3) measured

Raw-materials

IN 1.53 0.45 0.73 38.0 53.77 – 1.39

b-CD 16.46 0.54 0.75 28.0 47.80 – 1.48

LAC 2.95 0.53 0.89 41.0 51.53 – 1.55

MCC 10.07 0.33 0.47 31.0 47.43 – 1.56

Mixtures with IN

INLAC 3.01 0.53 0.86 38.0 55.30 1.51 1.51

INMCC 8.37 0.35 0.53 34.0 46.37 1.53 1.52

INbCD PM 12.12 0.52 0.75 30.0 48.20 1.46 1.45

INbCD AS 12.28 0.56 0.79 29.0 47.90 1.46 1.46

INbCD K50 19.63 0.54 0.76 29.0 44.77 1.46 1.46

INbCD K70 17.36 0.56 0.79 29.0 45.67 1.46 1.46

INbCD SD 11.51 0.44 0.65 32.0 56.70 1.46 1.45

INbCD FD 10.79 0.17 0.30 42.0 58.43 1.46 1.47

a Results are the mean of three measurements

The coefficient of variation was below 1 % for all cases

D0 = bulk density, Df = tap density, ICr = compressibility index, q = true density
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Fig. 2 Dissolution profiles of

the capsules formulation at 180

(a) and 1440 min (b) at pH 1.0
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capsule. The similarity factor (f2) (MCC, PM, AS, K50, K70,

SD, FD) did show equivalence for all mixtures (LAC used as

reference for the calculation of this parameter) thus con-

firming low inclusion.

The analysis of all values showed a similar increase on

the IN dissolution from processed powders due to the

existence of the IN under inclusion complex form. For all

cases, the complete release of IN was not reached before

1,440 min which corroborated the aforementioned low

inclusion yield [6] and the presence of the higher amounts

of the free IN in the processed mixtures.

The results obtained for dissolution medium at pH 7.2

(Table 4) showed the release for all formulations reaching

approximately 100 % at 180 min (Fig. 3). However the

similarity factor (f2) showed no similar release profiles

between reference and processed mixtures. These differ-

ences can be explained by the dissolution behavior of IN

inclusion complex when compared with free IN. At this pH

the pure IN presents lower solubility than the INbCD

inclusion complex. In the first dissolution times this phe-

nomenon is observed by the different amounts released

from reference and processed mixtures.

Comparing all the results cited it is possible to observe

the slight increase in IN solubility (acidic pH, Fig. 2) from

processed powders that corroborate the existence of

inclusion complexes in this material.

Table 3 Dissolution parameters for IN released from capsules (pH 1.0)

Mt (%)a DE (%) f2 (%)

30 60 180 30 60 180

INLAC 1.77 ± 0.29 2.98 ± 0.44 6.92 ± 1.30 0.91 1.65 3.96 (100.00)

INMCC 1.44 ± 0.21 2.87 ± 0.12 6.54 ± 1.22 0.77 1.47 3.68 99.20

INbCD PM 1.80 ± 0.21 3.04 ± 0.65 9.81 ± 0.83 0.95 1.73 4.52 92.20

INbCD AS 2.97 ± 0.14 5.25 ± 0.74 12.92 ± 0.98 1.67 2.89 6.99 75.40

INbCD K50 4.99 ± 0.55 7.57 ± 0.44 13.28 ± 1.96 2.85 4.60 8.54 67.64

INbCD K70 5.13 ± 0.09 7.75 ± 0.74 14.71 ± 2.04 2.94 4.70 9.29 64.76

INbCD SD 5.06 ± 0.53 7.19 ± 0.14 11.93 ± 2.44 3.23 4.74 8.22 68.98

INbCD FD 3.44 ± 0.94 5.91 ± 1.50 11.59 ± 1.25 2.02 3.37 7.18 75.14

a Mean ± SD (n = 3)

Table 4 Dissolution parameters for IN released from capsules (pH 7.2)

Mt (%)a DE (%) f2 (%)

30 60 180 30 60 180

INLAC 49.90 ± 3.41 78.88 ± 1.18 94.57 ± 1.42 18.88 42.63 74.10 (100.00)

INMCC 50.62 ± 6.28 81.36 ± 1.42 99.45 ± 3.23 19.61 43.92 77.22 75.61

INbCD PM 48.89 ± 4.94 77.28 ± 3.23 94.82 ± 1.36 22.85 43.95 74.96 72.17

INbCD AS 62.03 ± 1.53 85.05 ± 1.36 97.71 ± 0.90 32.35 53.90 80.74 48.29

INbCD K50 72.22 ± 0.20 89.68 ± 0.90 99.34 ± 2.00 34.55 58.61 83.78 41.32

INbCD K70 70.65 ± 5.65 89.19 ± 2.00 97.19 ± 2.11 34.20 57.98 82.63 42.78

INbCD SD 67.03 ± 1.47 87.32 ± 2.11 98.49 ± 2.03 35.72 57.14 82.61 43.14

INbCD FD 60.47 ± 1.45 87.86 ± 2.03 100.53 ± 0.00 28.67 52.30 82.64 50.41

a Mean ± SD (n = 3)
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Fig. 3 Dissolution profiles of the capsules formulation at 180 min at

pH 7.2
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Conclusion

In this study the formation of inclusion complexes between

indomethacin and b-CD was confirmed. Such complexes

presented differences namely on characteristics particles

(morphology and crystalline or amorphous state). More-

over in the dissolution test was possible to confirm that

inclusion complex could be prepared with different

amounts of water described in a previous study [6]. Dis-

solution tests confirmed the increase on the IN dissolution

rate from mixtures containing inclusion complexes and

showed the occurrence of complexation in the physical

mixture as cited by other authors [31]. Comparison of the

dissolution profiles and dissolution parameters (Mt, DE and

f2) has shown the effect of the complex on the release of

indomethacin.

The pharmaceutical tests showed that alls mixtures used

in this work have poor flow abilities (Carr’s index and

angle of repose), which difficult their processability. The

method of complexation and the final drying process

affected the characteristics of the complex’s particles, but

not the complex itself. The low yield of the indomethacin

molecule entrapment inside of the b-CD cavity could be

related with their structural relative sizes.
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