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Abstract 18 

Implementation of Quality by Design approaches in pharmaceutical industry requires a sound understanding of the parameters 19 

triggering final product variability. Excipients, although generally regarded as inert components, are of great significance in terms of 20 

solid dosage form development and any variation in the material attributes may impact drug product performance. Sourcing, 21 

production and processing are contributing factors to excipient variability. Interchange between different suppliers can lead to final 22 

products with different quality attributes. Identification of excipient critical material attributes is not straightforward, as criticality 23 

must be linked to functionality and it is well recognized that the mechanisms by which excipients exert their action are not fully 24 

understood. Investigating the impact of excipient variability on in vitro dissolution could enable scientists to get an insight on the in 25 

vivo behavior of drug products and potentially tolerate variability. A thorough understanding of excipient material properties, product 26 

components interactions and the effect of the gastrointestinal tract heterogeneity on excipients and drug release is recommended. This 27 

review aims to present current knowledge on excipient critical material attributes and their link to biopharmaceutical behavior and 28 

dissolution characteristics. Attempts to describe the impact of physiological conditions on excipient functionality are also addressed. 29 

Excipient properties that are considered crucial to drug product performance in a biorelevant perspective are elucidated. 30 

 31 

 32 

Keywords: Excipients; Dissolution; Solid Dosage Form; Solubility; Gastrointestinal; Polymers; Variability. 33 
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1. Introduction 35 

Pharmaceutical development is now entering the new era of quality build. The traditional three batch validation is currently 36 

fading as batch failures, product recalls, drug shortages are still present in the pharmaceutical market. Regulatory agencies tend to 37 

impose more strict product specifications for new drug applications (NDAs), abbreviated new drug applications (ANDAs), biowaiver 38 

extensions and require a profound understanding of active pharmaceutical ingredient (API), excipient and product manufacturing, as 39 

well as, any interaction between these parameters that may affect final product safety and efficacy. In an attempt of amelioration, 40 

pharmaceutical industry is implementing the principles of Quality by Design (QbD). The aim is to build robust manufacturing 41 

processes in order to assure that the desirable product is constantly delivered to the patient through the establishment of a design space 42 

that defines the permissible area where variability and/or variations of input materials will not affect the outcome of the production 43 

process. Reducing or tolerating final product variation requires a profound understanding of all factors playing a crucial role in 44 

finished dosage forms. Controlling these crucial parameters will allow the design of products that will consistently meet final 45 

requirements, contribute to minimization of regulatory constraints and enable the safe passage from batch to continuous 46 

manufacturing, a beneficial production technique to address industrial deficiencies [1]. Excipients constitute a major component of 47 

final products and it is recognized that variability in their material properties can impact product processing, manufacturing and 48 

performance [2, 3]. The exact mechanisms by which excipients exert their action are still to be discovered, especially when drug 49 

product performance is concerned [4, 5]. The gastrointestinal heterogeneity and its effect on excipient functionality is an additional 50 

challenge in understanding and controlling the role of excipients in drug release. 51 
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understanding and control of all input materials. The required understanding of the reasons triggering product variability and batch 68 

failures is needed towards continuous pharmaceutical production and may not always be an easy task [9]. 69 

The impact of manufacturing processes on drug product quality has been addressed [10-12] but a more comprehensive 70 

approach towards drug product components is yet to be made. Examining the effect of input materials (e.g. APIs and excipients) on 71 

finished solid dosage forms requires a linkage of material properties to product quality attributes [13]. A thorough understanding of 72 

molecular, structural and particle properties of a substance is necessary. The limited knowledge on the role of physical and chemical 73 

properties of pharmaceutical components hinders the possibility to further optimize the behavior of oral solid dosage forms throughout 74 

manufacturing, but this gap is more pronounced in drug product performance. A change in a critical attribute for dissolution will not 75 

only cause production or regulatory failures, but it may strongly affect drug bioavailability. The complexity of the gastrointestinal 76 

environment adds a further challenge in investigating the effect of material attributes variability in drug dissolution. Although the API 77 

is considered the most substantial product component for disease treatment, it has to be noted that excipients can be more important in 78 

processes prior to oral drug absorption and also can induce even treatment failure if the drug is not appropriately released and 79 

dissolved according to product specifications. From manufacturing through to in vivo functional performance, excipients exert their 80 

action but their properties can affect drug dissolution, as it will be revealed by the critical analysis performed in this review. Since 81 

excipients constitute a large portion of a solid dosage form, comprising up to 99% of the total formulation mass [14], their impact on 82 

quality attributes can be statistically significant. The broad range of the excipient level used in solid dosage forms along with a 83 

possible alteration in excipient functionality by level variation, complicates further the excipient variability issue. In vitro and/ or in 84 
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the cause for the increased dissolution rate of prednisone tablets manufactured with microcrystalline cellulose from different sources 101 

[18]. Controlling the source of excipients can reduce variation but still any unavoidable natural complications may lead to production 102 

of different raw materials. 103 

Manufacturing: Excipients are manufactured by chemical companies for use in pharmaceutical, chemical, and food industry. 104 

A common strategy for pharmaceutical companies is to have more than one supplier in order to constantly meet market demands [14]. 105 

Changes in excipient supplier has been shown to contribute to excipient variability. Supplier to supplier variability may arise either 106 

from different natural sourcing or different manufacturing processes. For instance, significant intersupplier variability was observed in 107 

anhydrous lactose solid state properties (specific surface area, tensile strength, yield pressure) that could impact final dosage forms 108 

according to the amount of excipient used and the interplay with the other dosage form components [19]. Other examples of 109 

intersupplier variability are reporting differences in intrinsic viscosity, mean molecular weight, mean particle size and water uptake 110 

rate between two interchangeable Hydroxypropyl cellulose (HPC) brands [20], and in particle size and surface area between different 111 

magnesium stearate suppliers [21] . Although, intersupplier variability may seem more reasonable, intrasupplier variability referring to 112 

batch-to-batch or lot-to-lot variation in excipient production has been reported as well. A notable example of interlot excipient 113 

variability and its effect on final dosage form refers to a study by Perez et al. on lot to lot variability of Carbomer 943. The two 114 

dissimilar lots were found to greatly affect in vitro release rates of hydrochlorothiazide (HCTZ) matrix tablets, due to differences in 115 

mean molecular weight of carbomer [22]. Even a slight change in manufacturing procedures or parameters may have an effect on the 116 

product functionality. For example, two batches of soluble starch differing only in one additional washing step with acetone were 117 
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perspective. The proposed FRC tests are not mandatory and mostly address chemical identification rather linking physical and 135 

chemical properties to excipient function [3]. Drug product manufacturers should gain a more thorough knowledge on excipient 136 

production and characteristics to get an insight when changing excipient suppliers in order to assure that excipient functionality and 137 

material properties remain consistent. 138 

4. Biopharmaceutical aspects of excipients 139 

Formulation scientists recognize the importance of excipient variability in drug product design. Reports in literature though 140 

address mainly drug product processing/manufacturability [26] and not drug product performance in terms of drug release from a solid 141 

dosage form and drug bioavailability. An interplay between in vitro conditions (i.e. dissolution medium composition, temperature, 142 

agitation) and in vivo physiological factors (i.e. gastrointestinal factors) and excipient functionality can impact drug bioavailability 143 

(Figure 1). Excipient presence in the luminal fluids triggers modifications in the gastrointestinal environment and gastrointestinal 144 

conditions may alter excipient material attributes leading to different functionality, with an effect in drug absorption in both cases. 145 

This strong interplay will complicate even more final product variability and bioequivalence, if not thorough investigated. 146 

4.1 Effect of excipients on physiological conditions 147 

Traditionally the effect of excipients, on drug product performance was considered of minor importance, due to their 148 

pharmacological inactivity. Only after the beginning of 90s, and with the foundation of the International Pharmaceutical Excipient 149 

Council (IPEC), investigation of their significance on finished drug products started [27]. An increased number of case studies 150 
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permeability studies (Caco-2 models). The presence of lactose, HPMC and PEG did not alter the permeability of BCS Class III 168 

compounds [41]. A drug dependent excipient effect has been shown in the case of Tween 80 due to its P- glycoprotein (P-gp) 169 

inhibitory effect, as it increases the apparent permeability (Papp) of drugs that are P-gp substrates (e.g. cimetidine) while other drugs 170 

remain unaffected (e.g. atenolol, acyclovir) [42]. Sodium Lauryl Sulfate (SLS) shows a concentration-dependent effect on the 171 

permeation of low permeability drugs with an increase in the Papp when present in low concentrations (0.139 mM) [42] while at 172 

increased concentrations drug permeation is even greater due to excipient-mediated disruption of the cell monolayer [41, 42]. The in 173 

vivo impact of excipients on drug permeability has to be further investigated, as in vitro permeation models (such as Caco-2 174 

monolayers) are more sensitive in excipient effects and may overestimate their impact [41]. Generalized conclusions should be 175 

avoided without prior scientific knowledge on the biopharmaceutical aspects of excipients. Although, there is a tendency to investigate 176 

the effect of excipients with a prominent role on dissolution and bioavailability (surfactants, carriers, bioadhesives, polymers, 177 

copolymers etc.), the intended product performance can be compromised even from excipients whose initial role is not related to drug 178 

release/dissolution [40]. 179 

4.2 Effect of physiological conditions on excipients 180 

When formulating a solid dosage form, the varying composition and heterogeneity of the gastrointestinal tract need to be 181 

considered. Factors such as properties of the gastrointestinal contents (i.e. pH, ionic strength, temperature, viscosity, bile salts 182 

concentration) and gastrointestinal motility will have an impact on drug release. Gastric emptying will influence drug, excipient and 183 
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product characteristics. Moving from the acidic stomach to the more basic small intestine affects the ionization and solubility of weak 184 

acidic/basic drugs and subsequently their absorption. Moreover, the changes in physiological conditions by the presence of meal (fed 185 

state) can alter solid dosage form performance. Excipient properties and their functionality will be impacted by this heterogeneous 186 

environment (data indicating the effect of physiological conditions on excipient functionality is discussed in detail in the next sections 187 

of this review). Excipient variability should be addressed in a biorelevant perspective reflected in in vitro dissolution testing. The use 188 

of biorelevant media mimicking physiological gastrointestinal aspects in fasted and fed state (i.e. bile secretion, meal components, 189 

surface tension, osmolality) [43, 44] could enable the investigation of the gastrointestinal effect on excipient functionality and drug 190 

release. A better understanding of the complex excipient effects taking place in the gastrointestinal tract and their impact in product 191 

performance could be achieved by the combination of biorelevant in vitro dissolution testing with imaging techniques, where 192 

applicable [45]. 193 

5. Excipients in solid dosage forms 194 

Particle size distribution, pore size distribution and surface area are critical properties for dissolution of solid dosage forms 195 

[13], but not the sole ones. In the following sections material properties of commonly used excipients in solid dosage forms are 196 

discussed, revealing their functional role on drug product performance. Excipients are categorized according to their function in solid 197 

dosage forms (Table 1) and cases related to their functionality or variability are reviewed. 198 

5.1 Diluents 199 









16 
 

observed whereas for BCS class II and class IV drugs small variations in these levels were noted. The probability of bioinequivalence 247 

based on these differences in lactose levels between the innovator and generic products was classified as low or BCS class I drugs, 248 

medium for BCS class II and III drugs and high for BCS class IV drugs [56]. 249 

Biopharmaceutical Properties 250 

Lactose can affect bioavailability through a dissolution modification effect. No impact on other physiological factors has been 251 

reported [56]. Interactions between milk proteins and lactose have been described. Low lactose concentrations decreased the viscosity 252 

of the milk dispersion (lactose assembles around protein molecules) whereas high lactose concentrations increased the viscosity of the 253 

dispersion (reduction in water-protein interactions) [57]. The potential interplay of meal intake and lactose on physiological factors 254 

and drug release and dissolution has not yet been investigated in a biopharmaceutical perspective. 255 

5.1.2 Dicalcium Phosphate 256 

Calcium phosphate dibasic, or dicalcium phosphate (DP), is an inorganic insoluble diluent used in tablet and capsule manufacturing. 257 

Molecular and Structural Properties 258 

Two hydration forms of dicalcium phosphate, anhydrous (DPA) and dihydrate (DPD), are used in pharmaceutical development[58, 259 

59]. The anhydrous form occurs as a triclinic crystal while the dihydrate forms a monoclinic structure[58, 59]. Dicalcium phosphate 260 

dihydrate presents good flow properties and low hygroscopicity. According to temperature (40-50 °C) and humidity (32-75% relative 261 
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reason when microcrystalline cellulose is used as a binder, inclusion of a disintegrant is recommended to achieve adequate 326 

disintegration and dissolution. As a polymer, MCC tends to swell in aqueous solution, with swelling values of 0.2 mL/g and 0.8 mL/g 327 

for MCC I and MCC II, respectively [68]. In high MCC concentrations, the increased viscous layer, caused by swelling, will 328 

potentially affect drug release. 329 

Biopharmaceutical Properties 330 

Changing the temperature of the dissolution medium affects MCC functionality. Increasing the temperature of the dissolution 331 

medium (water; from 20 °C to 37 °C) resulted in faster swelling and water transport in plain MCC tablets, even though, full 332 

disintegration did not occurred throughout the duration of the experiment at both temperatures [71]. Information related to other 333 

biopharmaceutical properties of MCC have not been reported. 334 

5.2.2 Hypromellose 335 

Hypromellose, also called hydroxylpropyl methylcellulose (HPMC), is a water soluble nonionic cellulosic polymer substituted 336 

with methoxy and hydroxypropyl groups (Figure 4). HPMC is manufactured by chemical modification of cotton or wood derived 337 

cellulose. It is used as a wet granulation or dry binder and as a rate controlling release polymer in extended release formulations[72] 338 

[72]. The effectiveness of HPMC as a release modifier is advantageous in reducing dosage frequency and sustaining drug blood levels. 339 

But it can compromise drug dissolution when used as a binder, where controlled release is not necessary expected, as upon contact 340 

with aqueous solutions, the polymer hydrates and forms a viscous gel layer which is thickened when more water penetrates. As the 341 
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polymer becomes fully hydrated, it tends to relax and dissolve, in a process called erosion [73]. Drug release when HPMC forms this 342 

viscous layer consists of three processes: dissolution in the matrix, diffusion through the gel layer and delivery of the drug in the 343 

medium as the polymer erodes [74]. Different grades of HPMC are available in the market according to particle size distribution, 344 

viscosity and methoxy:hydroxypropoxyl substitution. These characteristics of HPMC along with its particle size affect the 345 

functionality of the excipient. 346 

Molecular Properties 347 

The degree of polymerization and substitution are critical aspects for HPMC performance. Molecular weight and chain length 348 

have a direct effect on the viscosity of HPMC aqueous solutions. H-bonding between oxygen atoms in ether groups and water 349 

molecules leads to extension of the polymer and formation of a coiled shaped structure. Coiled polymers tend to form more H-bonds, 350 

entrap water and form entanglements with other coiled molecules resulting in increased resistance to flow. Therefore, polymers with 351 

high molecular weight tend to swell faster and form viscous layers. The gel layer thickness increases with increased molecular weight 352 

while erosion of the layer is decreased [75]. A counter effect of HPMC molecular weight on gel formation has been reported. 353 

Increased molecular weight results in improved swelling properties but reduces water penetration, as the high number of 354 

entanglements lead to a less porous layer [76]. Since water penetration affects drug release and dissolution, HPMC molecular weight 355 

could be considered as a critical material property whose variation impacts release and dissolution. When three differently substituted 356 

HPMC grades were used in acetazolamide (poorly soluble drug) tablet (HPMC 2910, HMPC 2208, HPMC 2906; the first two digits 357 
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affects the release from formulations containing HPMC. Biorelevant dissolution testing could shed light on the complex effect of 406 

physiological conditions on excipient functionality and release/dissolution. 407 

Dissolution of low and high viscosity grade HPMC in phosphate buffer pH 6.8 studied with surface dissolution UV-imaging 408 

revealed that for both grades the gel layer was formed rapidly within 15 minutes. For the low viscosity polymer, the initial high 409 

concentrations decreased as the polymer expanded. Then, the gel layer was stabilized from the dissolution of undissolved particles 410 

(that contribute to the increased polymer concentrations in close proximity to the sample). As the polymer expanded, its concentration 411 

was decreased due to polymer disentanglement forming the diffusion layer and the polymer was completely dissolved and diffused in 412 

the bulk (Figure 5a). HPMC of higher viscosity showed increased concentrations in the gel layer but decreased rate of diffusion and 413 

dissolution (Figure 5c). When agitation was applied, a thinner layer with lower HPMC concentrations and slow diffusion rate were 414 

observed (Figure 5b). The effect of agitation was more pronounced for the low viscosity HPMC, as it was more sensitive to shear 415 

force (Figure 5d) [74]. 416 

5.3 Lubricants 417 

Lubricants are used in solid dosage forms manufacture to enhance processability of intermediate blends and tablets. Friction or 418 

cohesiveness between particles impose a barrier in powder or tablet flowability affecting content uniformity, compaction, tablet 419 

hardness and therefore product performance. Lubricants address flowability issues, by adherence to die or particle surfaces and 420 

reduction of friction or cohesiveness leading to adequate flow properties. Lubrication involves the creation of a film between surfaces 421 
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Depending on the manufacturing process and humidity, four different hydrates of magnesium stearate can be formed 437 

(anhydrate, monohydrate, dihydrate, trihydrate), leading to different crystal habits with altered functionality [99]. When preparing 438 

magnesium stearate with a precipitation method, precipitation in pH 9 leads to the formation of the dihydrate form, while precipitation 439 

in pH 7 or 11 leads to a lower hydration state [100]. 440 

Structural Properties 441 

The different crystal structures identified for the different magnesium stearate hydrates include the plate-shaped structure for 442 

the dihydrate and needle-shaped structure for the monohydrate and trihydrate form [100-102]. This difference in shape is attributed to 443 

a change in the angle of inclination of the hydrocarbon chain caused by the addition of the water molecule [100]. The different 444 

crystalline forms have an effect on the magnesium stearate functionality as an excipient. The monohydrate form produces tablets with 445 

lower variability during tablet manufacturing [99].The dihydrate form acts as better lubricant due to its lamellar shape as it shears 446 

readily under applied tangential forces [101, 103, 104] and has a lower tendency to cause over-lubrication [99]. The irregularity of 447 

commercial magnesium stearate shape, compared to high purity magnesium stearate and palmitate, relates to reduced lubricant 448 

properties [104]. 449 

Particle Properties 450 

Surface area (SA) and particle size affect magnesium stearate functionality. Increasing the SA of the lubricant (due to particle 451 

size reduction) leads to higher adhesion work and a thin homogeneous layer on particle surface, whereas decreasing SA results in 452 
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enrichment of the surface with lubricant particles [96]. Larger particles have less tendency to strongly adhere to particle surfaces 453 

leading to less uniform coats. In both cases, (strong or thick layer) water will face difficulties in penetrating this layer. The high 454 

coverage of particle surfaces with the lubricant during blending reduces interparticle bonding leading to weakened tablets [105]. 455 

Investigation of the optimum particle size/SA of magnesium stearate, without compromising any quality attributes, is needed as the 456 

two extreme levels both may have a negative impact on drug release.  457 

Level 458 

Since magnesium stearate is hydrophobic and care should be taken when added in solid dosage forms as it can compromise drug 459 

release. The amount and the mixing time of magnesium stearate in the formulation are critical dissolution variables; increased levels 460 

and longer mixing time reduces drug dissolution from capsules [94]. A range of 0.25-5.0% w/w magnesium stearate is used in drug 461 

product development [94]. Increasing magnesium stearate level (0.25%-1.0%-5.0% w/w) decreased indomethacin dissolution, due to 462 

the decreased interfacial area between the dissolution medium (acetate buffer pH 5 with 0.1% w/v sodium lauryl sulphate) and the 463 

drug [106]. Mechanofusion, a process used to coat particles with fine materials, has been found beneficial for drug dissolution, as 464 

coated particles with magnesium stearate exhibited decreased agglomeration and enhanced dissolution [107]. In the case of 465 

mechanofused magnesium stearate-coated indomethacin powder, drug dissolution was enhanced only in the early stages of 466 

dissolution, and dissolution reached a plateau (~80% drug dissolved) at later stages) with slightly higher concentrations achieved only 467 

for the 0.25 and 1% w/w magnesium stearate [106]. 468 
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5.4 Superdisintegrants 469 

Disintegration is needed in immediate release dosage forms where quick onset of action is desired. A single or a combination 470 

of mechanisms have been proposed for the disintegration of solid formulations. Firstly, swelling of the disintegrant can compensate 471 

the adhesion forces of other formulation components, causing the tablet fragmentation. Furthermore, the porous structure of several 472 

disintegrants and their ability to adsorb water via capillary action (wicking) is a potential mechanism for their action. Finally, 473 

fragmentation of tablets can be caused from elastic deformation of disintegrants under pressure and release of high energy upon 474 

exposure to water due to the ability of particles to recover their initial structure [108]. Common disintegrants used in solid 475 

formulations include: starches, modified starches. The introduction of low concentrations of superdisintegrants as agents providing 476 

disintegration within few minutes is optimistic in terms of drug delivery in enhancing the dissolution rate of solid formulations [109]. 477 

The most notable superdisintegrants include crosslinked polymers such as: sodium starch glycolate (SSG), croscarmellose sodium 478 

(CCS) and crospovidone. 479 

5.4.1 Sodium Starch Glycolate 480 

Starch is a polysaccharide consisted of amylose and amylopectin, and can be extracted and processed for pharmaceutical use 481 

by several plants including maize, potato, rice, corn. Starch modification can be performed in order to improve its functionality as 482 

disintegrant. SSG is the sodium salt of the carboxymethyl ether of starch (Figure 7). SSG derives from starch (from several sources) 483 

after two chemical modification processes: substitution to increase hydrophilicity and cross-linking to reduce solubility and gel 484 
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formation upon contact with water [110]. It is used in pharmaceutical manufacturing as a superdisintegrant as it acts through rapid 485 

swelling due to the adsorption of large amounts of water leading to fast disintegration [111]. The functional mechanism of SSG was 486 

revealed by High-Resolution Real-Time Magnetic Resonance Imaging (MRI) through investigation of the direction to which the tablet 487 

expands when disintegration occurs. SSG acts through swelling as an omni-directional expansion was observed with different grades 488 

of SSG [112]. Different grades of SSG are available according to particle size distribution, sodium chloride content and pH. 489 

Molecular Properties 490 

The degree of substitution, due to the role of the carboxymethyl group on functionality, has to be defined. In USP, the amount 491 

of sodium in SSG is set between 2.8-4.2%, whereas the degree of substitution is not specified [113]. Values for the degree of 492 

substitution between 0.23-0.32 have been reported [114]. Hydration and swelling of SSG leading to fast tablet disintegration, relate to 493 

degree of substitution. An increase in swelling and water uptake observed as substitution increases from 0.20 to 0.29 and the opposite 494 

effects at higher substitution. An optimum degree of substitution value between 0.28-0.29 for faster and higher dissolution of aspirin 495 

tablets was reported [115]. A higher degree of substitution can lead to increased drug-excipient interactions as weakly basic drugs can 496 

be adsorbed onto the polymer [49] Crosslinking in SSG, achieved through the phosphate group, leads to a high spacing between SSG 497 

chains facilitates water penetration and swelling and reduce gel formation [109]. The extended swelling of SSG compared to other 498 

swelling disintegrants is attributed to this type of crosslinking (e.g. croscarmellose is crosslinked through esterification which does not 499 

allow this high spacing between the polymer chains). An increase of 25%-35% of crosslinking, leads to powders with increased 500 
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The pH of the medium affects SSG functionality[65]. SSG hydrates as the anionic carboxyl group interacts with water[65]. In 517 

low pH, the polymer gains its neutral form and a less extended interaction with water is expected.[65] In simulated gastric media (0.1 518 

N HCl, pH=1) an approximate twofold reduction in the swelling value and the water uptake of SSG was observed compared to the 519 

values in intestinal media (phosphate buffer, pH=6.8) (Figure 8). Compacts of SSG with spironolactone, filler and lubricant did not 520 

show the this variation in water sorption in the two media, a fact attributed to the crystallinity of the polymer and the reduced water 521 

accessibility when particles are consolidated in strong compacts [109]. 522 

5.4.2 Croscarmellose sodium 523 

CCS is a cross-linked polymer of carboxy methylcellulose. Wood or cotton-derived cellulose reacts with sodium hydroxide and 524 

sodium monochloroacetate to produce the carboxyl methyl cellulose in a degree of substitution of 0.7. The excess of 525 

monochloroacetate hydrolyzes to glycolic acid which reacts with the sodium carboxy methyl group of the polymer and catalyzes the 526 

esterification of this group with the closest polymer chains leading to the formation of crosslinks (Figure 9)[118]. It is used in tablet or 527 

capsule manufacturing as a super disintegrant acting mainly through a combination of swelling and wicking. The swelling mechanism 528 

of CCS was confirmed by MRI studies, as tablets containing CCS expanded in an omni-directional way [112]. At initial stages, 529 

disintegration depended on tablet density and water penetration was reduced as tablet hardness was increased. At later stages, as the 530 

polymer swells, new pores were formed and water uptake was no longer related to tablet density. Stronger solid dosage forms resulted 531 
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For croscarmellose, as a swelling polymer, a larger particle size is expected to lead to enhanced swelling and fast 547 

disintegration. Brands of higher particle size of different croscarmellose suppliers showed increased settling volumes and water uptake 548 

[119]. An optimum particle size has not been reported. Since, croscarmellose forms a viscous layer upon contact with water, it should 549 

be expected that the notion that smaller particles sizes will form a more viscous layer due to enhanced interactions with water would 550 

be applicable 551 

Level 552 

In tablet formulations, CCS is used at 0.5%-5.0% w/w to promote fast disintegration[118]. As CCS swells upon contact with 553 

water, an increase in its fraction results in the formation of a viscous gel layer acting as a barrier for product disintegration. For 554 

aspirin, ascorbic acid and ibuprofen tablets, an optimal superdisintegrant concentration of 7% of the tablet weight was reported to give 555 

best disintegration values and up to this level, disintegration time increased irrespective of drug solubility[111]. Even if the difference 556 

in disintegration time is low, dissolution can be greatly affected as the drug will have to diffuse through the viscous disintegrant layer. 557 

Biopharmaceutical Properties 558 

Since CCS is a sodium salt, the pH of the medium affects its ionization. In acidic medium, CCS turns to its neutral form with 559 

decreased hydrating and swelling capacity[65], but to lesser extent than the highly swelling SSG (section 5.4.1.) (Figure 8) [109]. 560 

Therefore, the functional profile of CCS in the stomach and small intestine is expected to be different. Investigation of the effect of 561 

composition and level in solid formulations of CCS on solid dosage form disintegration and dissolution based on biorelevant 562 
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soluble drug, was formulated with crospovidone in tablet, disintegration time was at its lowest value (30 s) at 8% of tablet weight with 595 

no subsequent increase with increased crospovidone level due to a possible effect of crospovidone concentration on tablet hardness. 596 

Crospovidone levels higher than 8% of tablet weight produce weaker tablets that disintegrate faster [111]. The effect of crospovidone 597 

on tablet hardness and its relation to disintegration should be further investigated. 598 

Biopharmaceutical Properties 599 

pH is unlikely to affect crospovidone functionality, as it is a nonionic non gelling polymer[65]. The swelling values were 600 

found 0.50 mL/g in simulated gastric (0.1 N HCl, pH=1) and intestinal (phosphate buffer, pH=6.8) media (Figure 8) due to the 601 

absence of ionization and the low swelling ability of crospovidone [109]. Water uptake of disintegrant powder was different in the two 602 

media, with values of 0.32 g/s and 0.52 g/s in the gastric and the intestinal media, respectively, due to a potential uncoiling of the 603 

chain in acidic medium [109]. This difference, though, was annihilated in compacts containing spironolactone, diluent-binder, 604 

disintegrant and lubricant and water sorption of these formulations was unaffected by the different pH. Disintegration times were 605 

higher (500 s and 350 s in 0.1 N HCl pH 1 and phosphate buffer pH 6.8, respectively) for lubricated compacts (with magnesium 606 

stearate) when compared to the unlubricated ones (150 s in both media). For lubricated compacts, higher disintegration time was 607 

observed in gastric media than in intestinal media because of the combination of uncoiled crospovidone chains and reduced water 608 

penetration caused by the hydrophobic lubricant [109]. 609 

. 610 
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6. Conclusions 611 

Excipients constitute a major component of solid dosage forms and their use covers a variety of functions, from dosage 612 

manufacturing to dosage performance. Their importance as potential causes for final product variability is recognized and efforts in 613 

characterizing their critical material attributes have been made. Despite the rising awareness on excipient variability, few reports are 614 

addressing their role in drug product dissolution. Examining dissolution inconsistencies is essential, since in vitro dissolution testing 615 

constitutes a predictive tool of in vivo performance apart from its role in quality control testing. In this review, potential critical 616 

material attributes of commonly used excipients have been discussed with respect to product performance. Criticality is related to 617 

excipient functionality that can be altered according to product components and physiological conditions. A great effort still needs to 618 

be made to delineate the complex effects of physiological factors on product performance. We conclude that, despite the challenges 619 

imposed, an investigation of the exact excipient mechanisms in drug release is of paramount importance in order to adequately 620 

characterize and optimize excipient properties by incorporating the QbD principles. 621 

622 
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 899 

Figure captions 900 

Figure 1: A. In vitro (dissolution test) and B. in vivo (gastrointestinal environment) factors reported to affect or be affected by the 901 

presence of excipient in the gastrointestinal lumen. 902 

Figure 2: % HCTZ release versus time from tablets containing A: Croscarmellose sodium and Lactose in i. water (light grey bars) and 903 

ii. 0.1N HCl (dark grey bars) B: Croscarmellose sodium and Dicalcium Phosphate (DP) in i. water (light blue bars) and ii. 0.1N HCl 904 

(dark blue bars) (mean ±SD, n=6). [modified from [65]] 905 

Figure 3: Chemical structure of Microcrystalline Cellulose (ChemDraw Professional 15.0). 906 

Figure 4: Chemical structure of Hypromellose (ChemDraw Professional 15.0). 907 

Figure 5: % released vs time and distance from the sample of HPMC 15 cP in stagnant (a.) and 0.5mL/min flow rate (b.) and HPMC 908 

50 cP in stagnant (c.) and 0.5mL/min flow rate (d.) in phosphate buffer (pH 6.8) with UV dissolution imaging (SigmaPlot 13.0). 909 

[modified from [74]] 910 

Figure 6: Chemical structure of Magnesium Stearate and Magnesium Palmitate (ChemDraw Professional 15.0) 911 

Figure 7: Chemical structure of crosslinked Sodium Starch Glycolate (ChemDraw Professional 15.0). 912 
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Figure 8: Swelling values of SSG, CCS and crospovidone after 20 minutes dispersion of 500 mg of each superdisintegrant in 10 mL 913 

of 0.1N HCl (pH=1) (i.) and phosphate buffer (pH=6.8) (ii.) at room temperature. [modified from [109]] 914 

Figure 9: Chemical structure of Croscarmellose sodium (ChemDraw Professional 15.0). 915 

Figure 10: Chemical structure of Crospovidone (ChemDraw Professional 15. 916 

917 
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