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Abstract 

Background: Demonstrating similarity in terms of safety and efficacy 

between innovator pharmaceutical products and their generic versions is a 

critical step in granting marketing authorizations (MAs) for generics. 

Similarity often proved by conducting in vivo bioequivalence (BE) studies 

in healthy volunteers. Health regulatory bodies issue MAs for generic 

versions after furnishing a proof of similarity with their innovator 

counterparts. BE studies are expensive, time consuming and risky studies 

since they are conducted in healthy volunteers. Today, the 

biopharmaceutical classification system (BCS) introduced by Amidon and 

adapted by various regulatory authorities and organizations like the US 

Food and Drug Administration (FDA), European Medicines Agency 

(EMA) and the World Health Organization (WHO) has significantly 

changed the processes of  drug development and approval. Regulatory 

bodies now allow waiver of in vivo BE studies using surrogate in vitro 

dissolution testing for immediate release (IR) solid oral dosage forms 

containing high solubility and high permeability (BCS class I) drugs. 
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Objectives: The objectives of this thesis were to systematically evaluate 

the possibility of granting biowaiver for immediate release (IR) 

formulations containing ascorbic acid as an active pharmaceutical 

ingredient (API). The release characteristics of two formulations containing 

ascorbic acid were also assessed.  

Methods:Solubility studies were conducted to determine the aqueous 

solubility of ascorbic acid at different pH points in the range of 1-7.5 at 37 

ºC and to assign a correct solubility class for ascorbic acid. According to 

the BCS, and the FDA guidelines, a drug substance is considered highly 

soluble when the highest dosestrength is soluble in 250 ml or less of 

aqueous media over the pH range of 1–7.5. A standard shake-flask method 

was applied using three different aqueous media with pH values of 1.0 

(maleate buffer), 4.5 (acetate buffer), and 7.5 (phosphate buffer) at 37 °C. 

The establishment of equilibrium was confirmed by comparing the 

solubility at 24 h and 48h.Drug levels in the samples were analyzed using 

UV spectrophotometric assay of ascorbic acid at 260nm. Dissolution 

experiments on two IR tablets containing ascorbic acid 500 mg were 

carried out. Dissolution profiles of ascorbic acid 500 mg tablets were 

generated in 900 ml of deionized water at pH points of 1.2, 4.5 and 6.8 

adjusted using 0.1 N HCl or NaOH solutions. A paddle type dissolution 

apparatus was used and dissolution was tested in according to the USP 

type-II method. Paddles rotated at 75 rpm and the temperature of the 

dissolution media was maintained at 37 ± 0.5 ºC. Aliquots of 5 mL were 

withdrawn at predetermined time intervals of 5, 10, 15, 20, 25, 30, 45 
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and60 min.Samples were suitably diluted and analyzed at260 nm using UV 

spectrophotometer. Molecular descriptors like polar surface area (PSA), n-

octanol/water partition coefficient (log P), distribution-coefficient at pH 7.4 

(log D7.4), number of hydrogen bond acceptors, number of hydrogen bond 

donors and pKa were calculated using software packages. Literature 

databases were searched for solubility, permeability and dissolution related 

parameters.  

Results:The solubility measurements show that the maximum dose listed 

on the WHO’s EML list was soluble in less than 250 mL of water over the 

pH range specified by the regulatory agencies at 37 °C. The calculated dose 

number was in the range 0.00011 of 0.00029 in the pH range of 1.2-7.5. 

These results suggest that ascorbic acid should unequivocally be assigned a 

“high solubility” BCS class. Based on the predicted physicochemical 

properties and observed in vivo behavior, ascorbic acid behave like high 

permeability BCS class drugs. Therefore, we suggest that ascorbic acid 

should be assigned to BCS class I drugs. 

Visual as well as similarity (ƒ2) and difference (ƒ1) factors comparisons 

between the two IR oral formulations containing ascorbic acid(C-Tamin 

tablets, and Vitamin C tablets) as a single API showed the ascorbic acid 

was released differently in the tested dissolution media. 

Conclusions:Ascorbic acid is a high solubility and high permeability drug, 

and therefore is classified as a BCS class 1 compound. The risk of 

bioinequivalence is manageable as long as the use of ascorbic acid is safe. 

For these reasons, we consider ascorbic acid to be a good candidate for 
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waiver of in vivo BE studies. Conducting in vitro dissolution could reveal 

the quality of IR oral formulations.  

Key words:absorption; bioavailability; bioequivalence; biopharmaceutical 

classification system (BCS); biowaiver; ascorbic acid; pharmacokinetics; 

permeability; solubility 
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1.1 Introduction 

Demonstrating similarity in terms of safety and efficacy between innovator 

pharmaceutical products and their generic versions is a critical step in 

granting marketing authorizations (MAs) for generics [1]. Similarity often 

proved by conducting in vivo bioequivalence (BE) studies in healthy 

volunteers. BE is defined as the absence of a significant difference in the 

rate and extent to which the active ingredient in pharmaceutical equivalents 

or pharmaceutical alternatives becomes available at the site of drug action 

when administered at the same molar dose under similar conditions in an 

appropriately designed study [2]. Health regulatory bodies issue MAs for 

generic versions after furnishing a proof of similarity with their innovator 

counterparts. BE studies are expensive, time consuming and risky studies 

since they are conducted in healthy volunteers. Today, the 

biopharmaceutical classification system (BCS) introduced by Amidon and 

adapted by various regulatory authorities and organizations like the US 

Food and Drug Administration (FDA), European Medicines Agency 

(EMA) and the World Health Organization (WHO) has significantly 

changed the processes of drug development and approval [3]. Regulatory 

bodies now allow waiver of in vivo BE studies using surrogate in vitro 

dissolution testing for immediate release (IR) oral solid dosage forms 

containing high solubility high permeability (BCS class I) drugs [4]. 

Guidelines issued by some agencies are continually revised and now accept 

to evaluate dossiers containing BCS class III drugs. Dissolution studies are 

cheaper and less time consuming than BE studies and moreover, conducted 
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in vitro, therefore, can be used as affordable surrogates for the in vivo BE 

studies [2].        

1.2 Background 

The present monograph addresses ascorbic acid as an active pharmaceutical 

ingredient (API). This monograph is one of a series of biowaiver 

monographs by the International Pharmaceutical Federation (FIP) that has 

published over 40 monographs; these monographs can be found at 

(http://www.fip.org/bcs). These monographs aim to assess whether in vivo 

pharmacokinetic BE studies can be safely waived in favor of in vitro 

dissolution studies for the approval of new or reformulated IR solid oral 

dosage forms of a given API. 

This monograph evaluates data related to the application of the biowaiver 

principles for the approval of IR solid oral dosage forms containing 

ascorbic acid. Clinical and biopharmaceutical data of ascorbic acid will be 

assessed in order to take a decision to allow waiver of in vivo BE testing 

for the approval of IR solid oral dosage forms containing ascorbic acid. 

Pharmacokinetic properties, therapeutic index, therapeutic use, solubility 

and permeability, and any possibility of excipient interactions are taken 

into consideration. The purpose, aim, and scope of this series of 

monographs have been previously discussed [5]. Briefly, to evaluate the 

risks associated with a biowaiver decision after evaluation of all pertinent 

data available from literature sources for a given API. Risk is defined as the 

probability of an incorrect biowaiver decision as well as the consequences 

of the decision in terms of public health and individual patient risks. On the 

http://www.fip.org/bcs


4 

basis of these considerations, a recommendation can be made as to whether 

a biowaiver approval is advisable or not. 

This systematic approach to recommend or advice against a biowaiver 

decision is referred to in the recently published WHO guideline [6]. These 

monographs do not intend to simply apply the WHO, FDA, and/or EMA 

Guidance, but aim also as a critical evaluation of these and other countries' 

regulatory documents [6-8].  

1.3 General characteristics 

1.3.1 Scope 

This monograph refers solely to ascorbic acid. The analysis is pertinent 

primarily for IR solid oral formulations in which ascorbic acid is the only 

API. It may also be applied for combination products containing ascorbic 

acid. However, for combination products, the other APIs and their 

possibility of interaction with ascorbic acid should be analyzed as well. 

Modified/extended release formulations are out of the scope of this 

analysis. 

1.3.2 Name 

The IUPAC name of ascorbic acid is {(5R)-5-[(1S)-1,2-

dihydroxyethyl]-3,4-dihydroxy-2,5-dihydrofuran-2-one}[9]. 

Ascorbic acid has the chemical formula of C6H8O6[9]. The CAS 

number for ascorbic acid is 50-81-7. Ascorbic acid has an average 

molecular weight of 176.12 with a melting point of 190-192 

°C.The structure of ascorbic acid is shown in Figure 1. 
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Figure 1: The structural Formula of ascorbic acid. The chemical structure was drawn 

using ChemBioDraw Ultra (Cambridge Soft Corporation, USA) 

1.3.3 Importance, therapeutic indication and dose 

Ascorbic acid, is an agent that is essential for proper health, and important 

component of human diet; therefore, it must be supplied in the diet, in 

proper amounts for the prevention of scurvy and to limit the risk of 

developing chronic diseases such as heart disease and cancer [10]. Daily 

consumption of fresh fruit and vegetables is recommended for adequate 

intake of ascorbic acid.Dietary ascorbic acid can come from foods, plant or 

animal in origin and intake depends on the type of food eaten.  

Ascorbic acid is essential for both connective tissue formation and bone 

formation. Its role as an antioxidant is invaluable [11], because it helps to 

protect the cells from oxidative damage resulting from free-ion radicals 

[12]. It also protects low-density lipoprotein from oxidation, which reduces 

the risk of heart disease [13]. Individuals with atherosclerosis may benefit 

from ascorbic acid intake (1-3 g/day), because it may lower their risk of 

heart attack [14]. Also, individuals who consume higher amounts of 

ascorbic acid in their diet may have a lower risk of developing cancer [15]. 

The effect of ascorbic acid on cancer is more preventive than therapeutic. It 
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also aids the absorption of iron from the gastrointestinal tract, and as a 

result, it is important for individuals with iron deficiency to have ascorbic 

acid in their diet [16]. 

Humans cannot synthesize ascorbic acid; due to mutation in the gene for L-

gulonolactone oxidase, the enzyme that catalyzes the terminal steps in the 

biosynthetic pathway [17]. Most animals make ascorbate in the liver and 

from there it is transported around the body via the circulation and taken up 

into other tissues [18, 19].  

Ascorbic acid is an antioxidant which acts as a free radical scavenger[20]. 

It is used in the prophylaxis and treatment of scurvy [21].Ascorbic acid is 

used to prevent and to treat scurvy [22]. Scurvy may be treated with dietary 

ascorbic acid; however, administration of therapeutic doses of ascorbic acid 

probably results in more prompt saturation of tissue stores. The 

recommended dietary allowance for ascorbic acid is 60 mg/day for the 

prevention of scurvy[23]. 

The highest single dose recommended for ascorbic acid in IR solid oral 

dosage forms is 500mg. Extended-release dosage forms are available in 

1000 mg [24]. Ascorbic acid is also indicated in a dose of 200 mg along 

with desferrioxamine in the treatment of thalassemia to enhance its 

chelating effects and improve excretion of iron [25]. In iron deficiency, 

ascorbic acid may be given in oral doses as a supplement[26]. Eye drops 

containing potassium ascorbate (ascorbic acid 10%) have been used for the 

treatment of chemical eye burns [27]. Ascorbic acid may also be used as 

antioxidants in pharmaceutical manufacturing of foods and drug [28]. 
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A beneficial effect of ascorbic acid therapy has been claimed for an 

extraordinary number of conditions, including age-related macular 

degeneration[29], Alzheimer's disease [30], atherosclerosis [31], cancer 

[32], the common cold, and idiopathic thrombocytopenic purpura [33]. 

Other conditions claimed to benefit from ascorbic acid administration 

include asthma, wound healing, psychiatric disorders [34], infections due to 

abnormal leukocyte function, infertility, pain in Paget's disease[35], and 

tetanus[36]. Generally there are few properly controlled studies to 

substantiate these claims. 

Antioxidant effects have been demonstrated as increased resistance of red 

blood cells to free radical attack in elderly persons and reduced activated 

oxygen species in patients receiving chemotherapy and radiation [21]. 

Antioxidant mechanisms have been shown in the reduction of low density 

lipoprotein (LDL) oxidation as well, though studies on the prevention of 

heart disease and stroke are conflicting [38]. 

Ascorbic acid facilitates absorption of iron by keeping iron in reduced 

form. A few microcytic anemia’s respond to ascorbic acid treatment, which 

may be due to improved absorption of iron [39]. 

1.3.4 Therapeutic index and toxicity 

Ascorbic acid is of both natural and synthetic origin, natural origin of 

ascorbic acid is found in fresh fruit and vegetables[40]. Citrus fruits are a 

particularly good source of ascorbic acid and also hip berries, acerola and 

fresh tea leaves.  
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The main target organs for toxicity are found in the gastrointestinal, renal 

and hematological systems [41]. In individuals with glucose-6-phosphate 

dehydrogenase (G-6-PD) deficiency, hemolytic anemia may develop after 

administration of ascorbic acid [42].  

In individuals predisposed to renal stones, chronic administration of high 

doses may lead to renal calculi formation. In some cases, acute renal failure 

may be observed under both conditions [43]. So Ascorbic acid is 

contraindicated in patients with hyperoxaluria and G-6-PD deficiency.  

When the body is saturated with ascorbic acid and blood concentrations 

exceed the threshold, unchanged ascorbic acid is excreted in the urine [44]. 

Inactive metabolites of ascorbic acid such as ascorbic acid-2-sulfate and 

oxalic acid are excreted in the urine. 

Over doses may acidify the urine, cause nausea, diarrhea, interfere with the 

healthy antioxidant-prooxidant balance in the body, and, in patients with 

thalassemia or hemochromatosis, promote iron overload[45]. Intake below 

the upper limit does not have toxic effects in healthy adults.  

The recommended daily intake by the US Food and Nutrition Board of the 

Institute of Medicine for men more than 18 years old is 90 milligrams of 

ascorbic acid daily[46]; for women more than 18 years old, it is 75 

milligrams daily; for pregnant women more than 18 years old, it is 85 

milligrams daily; and for breastfeeding women more than 18 years old, it is 

120 milligrams daily. The upper limit of intake should not exceed 2,000 

milligrams daily[47]. 
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1.4 Physicochemical properties 

1.4.1 Salt, Esters, Polymorphs 

Ascorbic acid is available as an acid and in magnesium phosphate 

(magnesium ascorbyl phosphate) and sodium (sodium ascorbate) salts. The 

acid and sodium salts are often given orally while the magnesium 

phosphate salt is given topically. Dose calculation is often made using the 

free acid form. For example, 1mg of free acid is equivalent to 1.1248 mg of 

the sodium salt [48] and1mg of the sodium salt is equivalent to 0.8890 mg 

of free acid. There was no evidence of polymorphism of ascorbic acid [49].  

1.4.2 Dosage form strengths and dose 

Ascorbic acid is listed on the WHO’s Model List of Essential Medicines 

(EML) [50]. MAs were issued for ascorbic acid IR tablet, capsules, 

powder, powder for solution, powder for suspension, liquid filled, 

chewable tablet, granule, syrup, liquid, solution, extended release tablet, 

lozenge/troche, and extended release capsule [9]. The maximum dose 

strength listed on the WHO’s essential medicines list is 50 mg. Dosage 

strengths are available in the range of 125 to 1000 mg [51, 52]. The dose 

and duration of time used for treatment by ascorbic acid differ according to 

the therapeutic goal. The usual dose begins from 125 mg to 1000 mg once 

daily for adults. 
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1.1 Literature review 

Several studies have evaluated the possibility of granting a biowaiver 

decision for medications, here are examples of these studies: 

1. Kortejarvi et al evaluated the possibility of granting a biowaiver 

decision for ranitidine hydrochloride [53],according to Literature and 

experimental data relevant to the decision, to allow a waiver of in 

vivoBE testing for the approval of immediate release (IR) solid oral 

dosage forms containing ranitidine hydrochloride are reviewed. 

According to the current Biopharmaceutics Classification System 

(BCS), ranitidine hydrochloride should be assigned to Class III. 

However, based on its therapeutic and therapeutic index, 

pharmacokinetic properties and data related to the possibility of 

excipient interactions, a biowaiver can be recommended for IR solid 

oral dosage forms that are rapidly dissolving and contain only those 

excipients as reported in this study. 

2. Potthast et al evaluated the possibility of granting a biowaiver decision 

for Ibuprofen [54], according to literature data are reviewed on the 

properties of ibuprofen related to theBCS. Ibuprofen was assessed to 

be a BCS class II drug. Differences in composition and/or 

manufacturing procedures were reported to have an effect on the rate, 

but not the extent of absorption; such differences are likely to be 

detectable by comparative in vitro dissolution tests. Also in view of its 

therapeutic use, its wide therapeutic index and uncomplicated 

pharmacokinetic properties, a biowaiver for IR ibuprofen solid oral 
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drug products is scientifically justified, provided that the test product 

contains only those excipients reported in this paper in their usual 

amounts, the dosage form is rapidly dissolving (85% in 30 min or less) 

in buffer pH 6.8 and the test product also exhibits similar dissolution 

profiles to the reference product in buffer pH 1.2, 4.5, and 6.8. 

3. Kalantzi et al evaluated the possibility of granting a biowaiver 

decision for acetaminophen (paracetamol) [55]according to the 

Literature data,they reviewed on the properties of acetaminophen 

(paracetamol) related to the biopharmaceutics classification system 

(BCS). According to the current BCS criteria, acetaminophen is BCS 

Class III compound. Differences in composition seldom, if ever, have 

an effect on the extent of absorption. However, some studies show 

differences in rate of absorption between brands and formulations. In 

particular, sodium bicarbonate, present in some drug products, was 

reported to give an increase in the rate of absorption, probably caused 

by an effect on gastric emptying. In view of Marketing Authorizations 

(MAs) given in a number of countries to acetaminophen drug products 

with rapid onset of action, it is concluded that differences in rate of 

absorption were considered therapeutically not relevant by the Health 

Authorities. Moreover, in view of its therapeutic use, its wide 

therapeutic index and its uncomplicated pharmacokinetic properties, in 

vitro dissolution data collected according to the relevant Guidancescan 

be safely used for declaring BE of two acetaminophen formulations. 

Therefore, accepting a biowaiver for immediate release (IR) 
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acetaminophen solid oral drug products is considered scientifically 

justified, if the test product contains only those excipients reported in 

this paper in their usual amounts and the test product is rapidly 

dissolving, as well as the test product fulfils the criterion of similarity 

of dissolution profiles to the reference product. 

4. Jantratid et al evaluated the possibility of granting a biowaiver 

decision for cimetidine [56],according to  literature data relevant to the 

decision to allow a waiver of in vivo BE testing for the approval of 

immediate release (IR) solid oral dosage forms containing cimetidine 

are reviewed. According to the current Biopharmaceutics 

Classification System (BCS), cimetidine would be assigned to Class 

III. Cimetidine's therapeutic use and therapeutic index, its 

pharmacokinetic properties, data related to the possibility of excipient 

interactions, and reported BE/bioavailability (BA) problems were also 

taken into consideration. On the basis of the overall evidence, 

a biowaiver can be recommended for cimetidine IR products, provided 

that the test product contains only those excipients reported in this 

paper in their usual amounts, and that the test and the comparator drug 

products both are "rapidly dissolving" as per BCS. 

5. Granero et al evaluated the possibility of granting a biowaiver decision 

for acetazolamide [57]. Literature data relevant to the decision to 

allow a waiver of in vivoBE testing for the approval of immediate 

release (IR) solid oral dosage forms 

containing acetazolamide werereviewed. Acetazolamide's solubility 
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and permeability characteristics according to the Biopharmaceutics 

Classification System (BCS), as well as its therapeutic use and 

therapeutic index, its pharmacokinetic properties, data related to the 

possibility of excipient interactions and reported BE/bioavailability 

(BA) problems were taken into consideration. The available data on 

solubility, on oral absorption and permeability were not sufficiently 

conclusive to classify acetazolamide with certainty. Taking a 

conservative approach, no biowaiver was considered justified for the 

registration of new multisource drug products. However, SUPAC level 

1 and level 2 post-approval changes and most EU Type I variations 

can be approved waiving in vivo BE studies. 

6. Dressman et al evaluated the possibility of granting a biowaiver 

decision for acetylsalicylic acid [58].A biowaiver  monograph  for 

 acetylsalicylic acid (ASA) was presented. Literature and experimental 

data indicated that ASA is a highly soluble and highly permeable drug, 

leading to assignment of this active pharmaceutical ingredient (API) to 

Class I of the Biopharmaceutics Classification System (BCS). Limited 

bioequivalence (BE) studies reported in the literature indicated that 

tested products were bioequivalent. Most of the excipients used in 

products with a marketing authorization in Europe were not 

considered to have an impact on gastrointestinal motility or 

permeability. Furthermore, ASA has a wide therapeutic index. Thus, 

the risks to the patient that might occur if a non-bioequivalent product 

were to be incorrectly deemed bioequivalent according to the 
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biowaiver procedure appear to be minimal. As a result, they concluded 

that the BCS-based biowaiver procedure can be recommended for 

approval of new formulations of solid oral dosage forms containing 

ASA as the only API, including both multisource and reformulated 

products, under the following conditions: (1) excipients are chosen 

from those used in ASA products already registered in International 

Conference on Harmonization and associated countries and (2) the 

dissolution profiles of the test and the comparator products comply 

with the BE guidance. 

7. Manzo et al evaluated the possibility of granting a biowaiver decision 

for amitriptyline hydrochloride [59]. Literature data relevant to the 

decision to allow a waiver of in vivo bioequivalence (BE) testing for 

the approval of immediate release (IR) solid oral dosage forms 

containing amitriptyline hydrochloride were reviewed. Its therapeutic 

uses, its pharmacokinetic properties, the possibility of excipient 

interactions and reported BE/bioavailability (BA) problems were also 

taken into consideration. Literature data indicated that amitriptyline 

hydrochloride is a highly permeable active pharmaceutical ingredient 

(API). Data on the solubility according to the current 

Biopharmaceutics Classification System (BCS) were not fully available 

and consequently amitriptyline hydrochloride could not be definitively 

assigned to either BCS Class I or BCS Class II. But all evidence taken 

together, a biowaiver can currently be recommended provided that IR 

tablets are formulated with excipients used in existing approved 
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products and that the dissolution meets the criteria defined in the 

guidances. 

8. Arnalet al evaluated the possibility of granting a biowaiver decision 

for acyclovir [60].Literature data relevant to the decision to allow a 

waiver of in vivo bioequivalence (BE) testing (biowaiver) for the 

approval of immediate release (IR) solid oral dosage forms 

containing acyclovir were reviewed. Acyclovir therapeutic use and 

therapeutic index, pharmacokinetic properties, data related to the 

possibility of excipient interactions and reported BE/bioavailability 

(BA) studies were also taken into consideration in order to ascertain 

whether abiowaiver can be recommended. According to the 

Biopharmaceutics Classification System (BCS) and considering tablet 

strengths up to 400 mg,acyclovir would be BCS Class III. However, in 

some countries also 800 mg tablets are available which fall just within 

BCS Class IV. Acyclovir seems not to be critical with respect to a risk 

for bioinequivalence, as no examples of bioinequivalence have been 

identified. It has a wide therapeutic index and is not used for critical 

indications. Hence, if: (a) the test product contains only excipients 

present in acyclovir solid oral IR drug products approved in ICH or 

associated countries, for instance as presented in this article; and (b) 

the comparator and the test product both are very rapidly dissolving, 

a biowaiver for IR acyclovir solid oral drug products is considered 

justified for all tablet strengths. 
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9. Nair et al evaluated the possibility of granting a biowaiver decision for 

amodiaquine hydrochloride [61]. The present monograph reviewed data 

relevant to applying the biowaiver procedure for the approval of 

immediate release (IR) multisource solid dosage forms 

containing amodiaquine hydrochloride (ADQ) as the single active 

pharmaceutical ingredient (API). Both biopharmaceutical and clinical 

data of ADQ were assessed. Solubility studies revealed that ADQ 

meets the "highly soluble" criteria according to WHO and EMA but 

fails to comply with the FDA specifications. Although metabolism 

hints at high permeability, available permeability data were too scanty 

to classify ADQ inequivocably as a Class I drug substance. According 

to WHO and EMA guidances, ADQ would be conservatively 

categorized as a Class III drug, whereas according to the US FDA 

specifications, it would fall into Class IV. ADQ has a wide therapeutic 

index. Furthermore, no cases of bioinequivalent products have been 

reported in the open literature. As risks associated with biowaiving 

appear minimal and requirements for "highly soluble" API are met in 

the WHO and EMA jurisdictions, the biowaiver procedure can be 

recommended for bioequivalence (BE) testing of multisource IR 

products containing ADQ as the only API, provided the test product 

contains excipients used in ADQ products approved in International 

Conference of Harmonisation and associated countries, and in similar 

amounts. Furthermore, both comparator and test should conform to 

"very rapidly dissolving" product criteria (≥85% dissolution of the 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Nair%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22949374
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API in 15 min at pH 1.2, 4.5, and 6.8) and the labeling should specify 

that the product not be co administered with high-fat meals. If the 

comparator and/or test product fails to meet these criteria, BE needs to 

be established by pharmacokinetic studies in humans. 

10. Vogelpoel et al evaluated the possibility of granting a biowaiver 

decision for verapamil hydrochloride, propranolol hydrochloride, 

and atenolol [5]. Literature data related to the Biopharmaceutics 

Classification System (BCS) were presented on verapamil 

hydrochloride, propranolol hydrochloride, and atenolol in the form of 

BCS-monographs. Data on the qualitative composition of immediate 

release (IR) tablets containing these active substances with a 

Marketing Authorization (MA) in the Netherlands (NL) were also 

provided; in view of these MA's the assumption was made that these 

tablets were bioequivalent to the innovator product. The development 

of a database with BCS-related data was announced by the 

International Pharmaceutical Federation (FIP). 

11. Charooet al evaluated the possibility of granting a biowaiver decision 

for bisoprolol [62] .Literature data relevant to the decision to allow a 

waiver of in vivo bioequivalence (BE) testing for the approval of 

immediate-release (IR) solid oral dosage forms 

containing bisoprolol as the sole active pharmaceutical ingredient 

(API) were reviewed. Bisoprolol was classified as a Class I API 

according to the current Biopharmaceutics Classification System 

(BCS). In addition to the BCS class, its therapeutic index, 
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pharmacokinetic properties, data related to the possibility of excipient 

interactions, and reported BE/bioavailability problems were taken into 

consideration. Qualitative compositions of IR tablet dosage forms 

of bisoprolol with a marketing authorization (MA) in ICH 

(International Conference on Harmonisation) countries were tabulated. 

It was inferred that these tablets had been demonstrated to be 

bioequivalent to the innovator product. No reports of failure to meet 

BE standards have been made in the open literature. On the basis of all 

these pieces of evidence, a biowaiver can currently be recommended 

for bisoprolol fumarate IR dosage forms if (1) the test product contains 

only excipients that are well known, and used in normal amounts, for 

example, those tabulated for products with MA in ICH countries and 

(2) both the test and comparator dosage form are very rapidly 

dissolving, or, rapidly dissolving with similarity of the dissolution 

profiles demonstrated at pH 1.2, 4.5, and 6.8. 

12. Verbeeck et al evaluated the possibility of granting a biowaiver 

decision for chloroquine sulfate [63]. Literature data on the properties 

of chloroquine phosphate, chloroquine sulfate, 

and chloroquine hydrochloride related to the Biopharmaceutics 

Classification System (BCS) were reviewed. The available 

information indicated that these chloroquine salts can be classified as 

highly soluble and highly permeable, i.e., BCS class I. The qualitative 

composition of immediate release (IR) tablets containing these Active 

Pharmaceutical Ingredients (APIs) with a Marketing Authorization 
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(MA) in Belgium (BE), Germany (DE), Finland (FI), and The 

Netherlands (NL) were provided. In view of these MA's and the 

critical therapeutic indication of chloroquine, it is assumed that the 

registration authorities had evidence that these formulations are 

bioequivalent to the innovator. It was concluded that IR tablets 

formulated with these excipients are candidates for a biowaiver. 

13. Oliveraet al evaluated the possibility of granting a biowaiver decision 

for Ciprofloxacin Hydrochloride [64]. Literature data relevant to the 

decision to allow a waiver of in vivo bioequivalence (BE) testing for 

the approval of new multisource and reformulated immediate release 

(IR) solid oral dosage forms containing ciprofloxacin hydrochloride as 

the only active pharmaceutical ingredient (API) were 

reviewed. Ciprofloxacin hydrochloride's solubility and permeability, 

its therapeutic use and index, pharmacokinetics, excipient interactions 

and reported BE/bioavailability (BA) problems were taken into 

consideration. Solubility and BA data indicated that ciprofloxacin 

hydrochloride is a BCS Class IV drug. Therefore, a biowaiver based 

approval of ciprofloxacin hydrochloride containing IR solid oral 

dosage forms cannot be recommended for either new multisource drug 

products or for major scale-up and postapproval changes (variations) 

to existing drug products. 

14. Dahanet al evaluated the possibility of granting a biowaiver decision 

for codeine phosphate [65].The monograph reviewed data relevant to 

applying the biowaiver procedure for the approval of immediate-
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release multisource solid dosage forms containing codeine phosphate. 

Both biopharmaceutical and clinical data of codeine were assessed. 

Solubility studies revealed that codeine meets the "highly soluble" 

criteria according to WHO, EMA, and the FDA. Codeine's fraction of 

dose absorbed in humans was reported to be high (>90%) based on 

cumulative urinary excretion of drug and drug-related material 

following oral administration. The permeability of codeine was also 

assessed to be high in both Caco-2 monolayers and rat intestinal 

perfusion studies. The main risks associated with codeine, that is, 

toxicity (attributed to CYP2D6 polymorphism) and its abuse potential, 

are present irrespective of the dosage form, and do not need to be 

taken into account for bioequivalence (BE) considerations. Taken 

together, codeine is a class 1 drug with manageable risk and is a good 

candidate for waiver of in vivo BE studies. 

15. Chuasuwan et al  evaluated the possibility of granting a biowaiver 

decision for diclofenac potassium and diclofenac sodium [66]. Within 

the biopharmaceutics classification system (BCS), diclofenac 

potassium and diclofenac sodium are each BCS class II active 

pharmaceutical ingredients (APIs). Due to their therapeutic use, 

therapeutic index, pharmacokinetic properties, potential for excipient 

interactions, a biowaiver can be recommended for IR drug products of 

each salt form, and performance in reported BE/bioavailability (BA) 

studies, provided that  test and comparator contain the same diclofenac 

salt; the dosage form of the test and comparator is identical; the test 
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product contains only excipients present in diclofenac drug products 

approved in ICH or associated countries in the same dosage form, test 

drug product and comparator dissolve 85% in 30 min orless in 900 mL 

buffer pH 6.8, using the paddle apparatus at75 rpm or the basket 

apparatus at 100 rpm; and test product and comparator show 

dissolution profile similarity in pH 1.2, 4.5, and 6.8. 

16. Jantratid  et al evaluated the possibility of granting a biowaiver 

decision for Doxycycline Hyclate[67]. Literature data relevant to the 

decision to allow a waiver of in vivo bioequivalence (BE) testing for 

the approval of immediate release (IR) solid oral dosage forms 

containing doxycycline hyclate were reviewed. According to the 

Biopharmaceutics classification System (BCS), doxycycline 

hyclatecan be assigned to BCS Class I. No problems with BE of IR 

doxycycline formulations containing different excipients and produced 

by different manufacturing methods have been reported and hence the 

risk of bioinequivalence caused by these factors appears to be low. 

Doxycycline has a wide therapeutic index. Further, BCS-based 

dissolution methods have been shown to be capable of identifying 

formulations which may dissolve too slowly to generate therapeutic 

levels. It was concluded that a biowaiver is appropriate for IR solid 

oral dosage forms containing doxycycline hyclate as the single Active 

Pharmaceutical Ingredient (API) provided that (a) the test product 

contains only excipients present in doxycycline hyclate IR solid oral 

drug products approved in the International Conference on 
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Harmonization (ICH) or associated countries; and (b) the comparator 

and the test products comply with the BCS criteria for ‘‘very rapidly 

dissolving’’ or, alternatively, when similarity of the dissolution 

profiles can be demonstrated and the two products are ‘‘rapidly 

dissolving.’’ 

17. Cristofoletti et al evaluated the possibility of granting a biowaiver 

decision for Efavirenz[68]. Literature data pertaining to the decision to 

allow a waiver of in vivo bioequivalence testing for the approval of 

immediate-release (IR) solid oral dosage forms containing favirenz as 

the only active pharmaceutical ingredient (API) were reviewed. 

Because of lack of conclusive data about efavirenz’s permeability and 

its failure to comply with the “high solubility”criteria according to the 

Biopharmaceutics Classification System (BCS), the API can be 

classified as BCS Class II/IV. In line with the solubility 

characteristics, the innovator product does not meet the dissolution 

criteria for a “rapidly dissolving product.” Furthermore, product 

variations containing commonly used excipients or in the 

manufacturing process have been reported to impact the rate and 

extent of efavirenz absorption. Despite its wide therapeutic index, sub 

therapeutic levels of efavirenz can lead to treatment failure and also 

facilitate the emergence of efavirenz-resistant mutants. For all these 

reasons, a biowaiver for IR solid oraldosage forms containing 

efavirenz as the sole API is not scientifically justified for reformulated 

or multisource drug products. 
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18. Becker et al evaluated the possibility of granting a biowaiver decision 

for EthambutolDihydrochloride[69]. Literature data relevant to the 

decision to allow a waiver of in vivo bioequivalence (BE) testing for 

the approval of immediate release (IR) solid oral dosage forms 

containing ethambutoldihydrochloride as the only active 

pharmaceutical ingredient (API) were reviewed. 

Ethambutoldihydrochloride is a Biopharmaceutics Classification 

System (BCS) Class III drug with permeability properties approaching 

the border between BCS Class I and III. BE problems of ethambutol 

formulations containing different excipients and different dosages 

forms have not been reported and hence the risk of bioinequivalence 

caused by excipients is low. Ethambutol has a narrow therapeutic 

index related to ocular toxicity. However, as long as the prescribers’ 

information of the test product stipulates the need for regular 

monitoring of ocular toxicity, the additional patient risk is deemed 

acceptable. It was concluded that a biowaiver can be recommended for 

IR solid oral dosage forms provided that the test product (a) contains 

only excipients present in ethambutol IR solid oral drug products 

approved in ICH or associated countries, for instance as presented in 

this paper, (b) complies with the criteria for ‘‘very rapidly dissolving’’ 

and (c) has aprescribers’ information indicating the need for testing the 

patient’s vision prior to initiating ethambutol therapy and regularly 

during therapy. 
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19. Charoo et al evaluated the possibility of granting a biowaiver decision 

for Fluconazole [70]. Literature data pertaining to the decision to 

allow a waiver of in vivo bioequivalence (BE) testing requirements for 

the approval of immediate release (IR) solid oral dosage forms 

containing fluconazole as the only active pharmaceutical ingredient 

(API) were reviewed. The decision was based on solubility, 

dissolution, permeability, therapeutic index, pharmacokinetic 

parameters, pharmacodynamic properties, and other relevant data. 

BE/bioavailability (BA) problems and drug-excipients interaction data 

were also reviewed and taken into consideration. According to the 

biopharmaceutics classification system (BCS), fluconazole in 

polymorphic forms II and III is a BCS class I drug and has a wide 

therapeutic index. BE of test formulations from many different 

manufacturers containing different excipients confirmed that the risk 

of bioinequivalence because of formulation and manufacturing factors 

is low. It was inferred that risk can be further reduced if in vitro 

studies are performed according to biowaiver guidelines. Thus, it was 

concluded that a biowaiver can be recommended for fluconazole IR 

dosage forms if (a) fluconazole is present as polymorphic form II or III 

or any other form/mixture showing high solubility, (b) the selection of 

excipients be limited to those found in IR drug products approved in 

International Conference on Harmonisation (ICH) countries for the 

same dosage form and used in their usual amounts, and (c) both the 

test and comparator dosage form are very rapidly dissolving, or, 
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rapidly dissolving throughout the shelf life with similar dissolution 

profiles at pH 1.2, 4.5, and 6.8. 

20. Granero et al evaluated the possibility of granting a biowaiver decision 

for Furosemide [71].Literature and new experimental data relevant to 

the decision to allow a waiver of in vivo bioequivalence (BE) testing 

for the approval of immediate release (IR) solid oral dosage forms 

containing furosemide were reviewed. The available data on solubility, 

oral absorption, and permeability were sufficiently conclusive to 

classify furosemide into Class IV of the Biopharmaceutics 

Classification System (BCS). Furosemide’s therapeutic use and 

therapeutic index, its pharmacokinetic properties, data related to the 

possibility of excipient interactions and reported BE/bioavailability 

(BA) problems were also taken into consideration. In view of the data 

available,itwas concluded that the biowaiver procedure cannot be 

justified for either the registration of new multisource drug products or 

major postapproval changes (variations) to existing drug products. 

21. Beckeret al evaluated the possibility of granting a biowaiver decision 

for Isoniazid [72].Literature data relevant to the decision to allow a 

waiver of in vivo bioequivalence (BE) testing for the approval of 

immediate release (IR) solid oral dosage forms containing isoniazid as 

the only active pharmaceutical ingredient (API) were reviewed. 

Isoniazid’s solubility and permeability characteristics according to the 

Biopharmaceutics Classification System (BCS), as well as its 

therapeutic use and therapeutic index, its pharmacokinetic properties, 
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data related to the possibility of excipient interactions and reported 

BE/bioavailability (BA) problems were taken into consideration. 

Isoniazid is ‘‘highly soluble’’ but data on its oral absorption and 

permeability were inconclusive, suggesting this API to be on the 

borderline of BCS ClassI and III. For a number of excipients, an 

interaction with the permeability is extreme unlikely, but lactose and 

other deoxidizing saccharides can form condensation products with 

isoniazid, which may be less permeable than the free API. A 

biowaiverwas recommended for IR solid oral drug products containing 

isoniazid as the sole API,provided that the test product meets the 

WHO requirements for ‘‘very rapidly dissolving’’and contains only 

the excipients commonly used in isoniazid products, as listed in this 

article. Lactose and/or other deoxidizing saccharides containing 

formulations should be subjected to an in vivoBE study. 

22. Shohinet al evaluated the possibility of granting a biowaiver decision 

for Ketoprofen[73].Literature and experimental data relevant to the 

decision to allow a waiver of in vivo bioequivalence (BE) testing for 

the approval of immediate-release (IR) solid oral dosage forms 

containing ketoprofenwere reviewed. Ketoprofen’s solubility and 

permeability, its therapeutic use and therapeutic index, 

pharmacokinetic properties, data related to the possibility of excipient 

interactions, and reported BE/bioavailability (BA)/dissolution data were 

taken into consideration. The available data suggested that according to 

the current Biopharmaceutics Classification System (BCS) and all 
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current guidances, ketoprofen is a weak acid that would be assigned to 

BCS Class II. The extent of ketoprofen absorption seems not to 

depend on formulation or excipients, so the risk of bioinequivalence in 

terms of area under the curve is very low, but the rate of absorption 

(i.e., BE in terms of peak plasma concentration, Cmax) can be altered 

by formulation. Current in vitro dissolution methods may not always 

reflect differences in terms of Cmax for BCS Class II weak acids; 

however, such differences in absorption rate are acceptable for 

ketoprofen with respect to patient risks. As ketoprofen products may 

be taken before or after meals, the rate of absorption cannot be 

considered crucial to drug action. Therefore, a biowaiver for IR 

ketoprofen solid oral dosage form was considered feasible, provided 

that (a) the test product contains only excipients present also in IR 

solid oral drug products containing ketoprofen, which are approved in 

International Conference on Harmonisation or associated countries, for 

instance, as presented in this paper; (b) both the test drug product and 

the comparator dissolve85% in 30 min or less in pH 6.8 buffer; and (c) 

test product and comparator show dissolution profile similarity in pH 

1.2, 4.5, and 6.8. When one or more of these conditions are not 

fulfilled, BE should be established in vivo. 

23. Strauch et al evaluated the possibility of granting a biowaiver decision 

for Lamivudine [74].Literature data relevant to the decision to allow a 

waiver of in vivo bioequivalence(BE) testing for the approval of 

immediate release (IR) solid oral dosage forms containing lamivudine 
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as the only active pharmaceutical ingredient were reviewed. The 

solubility and permeability data of lamivudine as well as its 

therapeutic index, its pharmacokinetic properties, data indicating 

excipient interactions, and reported BE/bioavailability (BA) studies 

were taken into consideration. Lamivudine is highly soluble, but its 

permeability characteristics are not well-defined. Reported BA values 

in adults ranged from 82% to 88%. Therefore, lamivudine was 

assigned to the biopharmaceutics classification system (BCS) class III, 

noting that its permeability characteristics are near the border of BCS 

class I. Lamivudine is not a narrow therapeutic index drug. Provided 

that (a) the test product contains only excipients present in lamivudine 

IR solid oral drug products approved in the International Conference 

on Harmonization or associated countries in usual amounts and (b) the 

test product as well as the comparator product fulfills the BCS 

dissolution criteria for very rapidly dissolving; a biowaiver can be 

recommended for new lamivudine multisource IR products and major 

post-approval changes of marketed drug products. 

24. Strauch et al evaluated the possibility of granting a biowaiver decision 

for Levetiracetam[74]. Literature data relevant to the decision to allow 

a waiver of in vivo bioequivalence (BE) testing for the approval of 

immediate release (IR) solid oral dosage forms containing lamivudine 

as the only active pharmaceutical ingredient were reviewed. The 

solubility and permeability data of lamivudine as well as its 

therapeutic index, its pharmacokinetic properties, data indicating 
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excipient interactions, and reported BE/bioavailability (BA) studies 

were taken into consideration. Lamivudine is highly soluble, but its 

permeability characteristics arenot well-defined. Reported BA values 

in adults ranged from 82% to 88%. Therefore, lamivudineis assigned 

to the biopharmaceutics classification system (BCS) class III, noting 

that its permeability characteristics are near the border of BCS class I. 

Lamivudine is not a narrow therapeutic index drug. Provided that (a) 

the test product contains only excipients present inlamivudine IR solid 

oral drug products approved in the International Conference on 

Harmonization or associated countries in usual amounts and (b) the 

test product as well as the comparator product fulfills the BCS 

dissolution criteria for very rapidly dissolving; a biowaiver can be 

recommendedfor new lamivudine multisource IR products and major 

post-approval changes of marketed drug products. 

25. Koeppe et al evaluated the possibility of granting a biowaiver decision 

for Levofloxacin [75]. Literature data relevant to the decision to allow 

a waiver of in vivo bioequivalence (BE) testing for the approval of 

immediate release (IR) solid oral dosage forms containing 

levofloxacin as the only active pharmaceutical ingredient (API) were 

reviewed. According to the current Biopharmaceutics Classification 

System, levofloxacin can be assigned to Class I. No problems with BE 

of IR levofloxacin formulations containing different excipients and 

produced by different manufacturing methods have been reported and 

hence the risk of bioinequivalence caused by these factors appears to 
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be low. In addition, levofloxacin has a wide therapeutic index. On the 

basis of this evidence, a biowaiverwas recommended for IR solid oral 

dosage forms containing levofloxacin as the single API provided that 

(a) the test product contains only excipients present in IR levofloxacin 

drug products that have been approved in International Conference on 

Harmonization (ICH) or associated countries and which have the same 

dosage form; (b) both the test and comparator dosage form are "very 

rapidly dissolving" or "rapidly dissolving" with similarity of the 

dissolution profiles demonstrated at pH 1.2, 4.5, and 6.8; and (c) if the 

test product contains polysorbates, it should be both qualitatively and 

quantitatively identical to its comparator in terms of polysorbate 

content. 

26. Strauch et al evaluated the possibility of granting a biowaiver decision 

for Mefloquine Hydrochloride [76]. Literature data relevant to the 

decision to allow a waiver of in vivo bioequivalence (BE) testing for 

the approval of immediate release solid oral dosage forms containing 

mefloquine hydrochloride as the only active pharmaceutical ingredient 

(API) were reviewed. The solubility and permeability data of 

mefloquine hydrochloride as well as its therapeutic use and therapeutic 

index, its pharmacokinetic properties, data related to the possibility of 

excipient interactions and reported BE/bioavailability studies were 

taken into consideration. Mefloquine hydrochloride is not a highly 

soluble API. Since no data on permeability are available, it cannot be 

classified according to the Biopharmaceutics Classification System 
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with certainty. Additionally, several studies in the literature failed to 

demonstrate BE of existing products. For these reasons, the biowaiver 

cannot be justified for the approval of new multisource drug products 

containing mefloquine hydrochloride. However, scale-up and post 

approval changes (HHS-FDA SUPAC) levels 1 and 2 and most EU 

type I variations may be approvable without in vivoBE, using the 

dissolution tests described in these regulatory documents. 

27. Stosik et al evaluated the possibility of granting a biowaiver decision 

for Metoclopramide Hydrochloride [77]. Literature data were 

reviewed relevant to the decision for a biowaiver of immediate release 

(IR) solid oral dosage forms containing metoclopramide 

hydrochloride. In addition, new solubility data, obtained under 

Biopharmaceutics Classification System (BCS) conditions were 

presented. MetoclopramideHClis conservatively assigned to BCS 

Class III. Taken also into consideration excipient interactions reported 

in metoclopramide drug products, its pharmacokinetic properties and 

therapeutic use and therapeutic index, a biowaiver can be 

recommended when: (a) the test product contains only excipients 

present also in metoclopramide HCl containing IR solid oral drug 

products approved in ICH or associated countries, for instance as 

presented in this paper, (b) in amounts in normal use in IR solid oral 

dosage forms, and (c) the test product and the comparator both comply 

with the criteria for very rapidly dissolving. 
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28. Rediguieri et al evaluated the possibility of granting a biowaiver 

decision for Metronidazole [78]. Metronidazole can be assigned to 

Biopharmaceutics Classification System Class I. Most BE studies that 

were identified reported the investigated formulations to be 

bioequivalent, indicating the risk of bioinequivalence to be low. 

Formulations showing differences in bioavailability showed 

dissimilarities in vitro dissolution profiles. Furthermore, 

metronidazole has a wide therapeutic index. It was concluded that a 

biowaiver for solid IR formulations is justified, provided: (a) the test 

product and its comparator are both rapidly dissolving; (b) meet 

similarity of the dissolution profiles at pH 1.2, 4.5, and 6.8; (c) the test 

product contains only excipients present in IR drug products approved 

in International Conference on Harmonisation (ICH) or associated 

countries in the same dosage form; and (d) if the test product contains 

sorbitol, sodium laurilsulfate, or propylene glycol. The test product 

needs to be qualitatively and quantitatively identical to its comparator 

with respect to these excipients 

29. Shohin et al evaluated the possibility of granting a biowaiver decision 

for piroxicam as free acid form [79]. Literature and experimental data 

relevant to the decision to allow a waiver of in vivo bioequivalence 

(BE) testing for the approval of immediate release (IR) solid oral 

dosage forms containing piroxicam in the free acid form were 

reviewed. Piroxicam solubility and permeability, its therapeutic use 

and therapeutic index, pharmacokinetic properties, data related to the 
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possibility of excipient interactions and reported BE/bioavailability 

(BA), and corresponding dissolution data were taken into 

consideration. The available data suggest that according to the current 

biopharmaceutics classification system (BCS) and all current 

guidances, piroxicamwould be assigned to BCS Class II. The extent of 

piroxicam absorption seems not to depend on manufacturing 

conditions or excipients, so the risk of bioinequivalence in terms of 

area under the curve (AUC) is very low, but the rate of absorption 

(i.e., BE in terms of Cmax) can be affected by the formulation. Current 

in vitro dissolution methods may not always reflect differences in 

terms of Cmax for BCS Class II weak acids; however, minor 

differences in absorption rate of piroxicam would not subject the 

patient to unacceptable risks: as piroxicam products may be taken 

before or after meals, the rate of absorption cannot be considered 

crucial to drug action. Therefore, a biowaiver for IR piroxicam solid 

oral dosage form is considered feasible, provided that (a) the test 

product contains only excipients, which are also present in IR solid 

oral drug products containing piroxicam, which have been approved in 

ICH or associated countries(b) both the test and comparator drug 

products dissolve 85% in 30 min or less at pH 1.2, 4.5, and 6.8; and 

(c) the test product and comparator show dissolution profile similarity 

in pH 1.2, 4.5, and 6.8. When not all of these conditions can be 

fulfilled, BE of the products should be established in vivo. 
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30. Vogt et al evaluated the possibility of granting a biowaiver decision 

for prednisolone [80]. Literature data relevant to the decision to allow 

a waiver of in vivo bioequivalence (BE) testing for the approval of 

immediate release (IR) solid oral dosage forms containing 

prednisolone were reviewed. Data on its solubility, oral absorption, 

and permeability were not totally conclusive, but strongly suggested a 

BCS Class 1 classification. Prednisolone’s therapeutic indications and 

therapeutic index, pharmacokinetics, and the possibility of excipient 

interactions were also taken into consideration. Available evidence 

indicates that a biowaiver for IR solid oral dosage forms formulated 

with the excipients tabulated in this article would be unlikely to 

expose patients to undue risks. 

31. Nair et al evaluated the possibility of granting a biowaiver decision for 

primaquine phosphate [58]. Solubility studies of the API using the 

standard shake-flask method in water and compendial buffers of pH 

1.0, 1.2, 4.5, 6.8, and 7.5 at 37°C revealed that primaquine phosphate 

was "highly soluble". Dissolution experiments were also conducted on 

IR dosage forms containing primaquinephosphate as API. oral solid 

dosage forms showed "very rapid dissolution", i.e. more than 85% 

released in less than 15 min. Literature reported BA of primaquine 

phosphate was well over 90%, which indicates that primaquine 

phosphate was "highly permeable". The study concluded that a 

biowaiver-procedure-based approval for IR solid oral dosage forms of 

primaquine phosphate can be justified. 
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32. Becker et al evaluated the possibility of granting a biowaiver decision 

for Pyrazinamide [81]. Literature data relevant to the decision to allow 

a waiver of in vivo bioequivalence (BE) testing for the approval of 

immediate release (IR) solid oral dosage forms containing 

pyrazinamide as the only active pharmaceutical ingredient (API) were 

reviewed. Pyrazinamide is BCS Class III, with linear absorption over a 

wide dosing range. The risk of bioinequivalenceis estimated to be low. 

Depending on the definition used, pyrazinamide can be classified as a 

narrow therapeutic index (NTI) drug, which is usually a caveat to 

biowaiving but may be deemed acceptable if the Summary of Product 

Characteristics (SmPCs) of the test product stipulates the need for 

regular monitoring of liver function. It is concluded that a biowaiver 

can be recommended for IR solid oral dosage only when the test 

product (a) contains only excipients present in Pyrazinamide IR solid 

oral drug products approved in ICH or associated countries, (b) these 

excipients are present in amounts normally used in IR solid oral 

dosage forms, (c) the test product is very rapidly dissolving, (d) the 

SmPC of the test product indicates the need for monitoring of the 

patient’s liver function. 

33. Grube et al evaluated the possibility of granting a biowaiver decision 

for Quinidine Sulfate [82]. Literature data were reviewed relevant to 

the decision to allow a waiver of in vivo bioequivalence (BE) testing 

for the approval of new multisource and reformulated immediate 

release (IR) solid oral dosage forms containing quinidine sulfate. 
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Quinidine sulfate’s solubility and permeability, its therapeutic use and 

index, pharmacokinetics, excipient interactions and reported 

BE/bioavailability (BA) problems were taken into consideration. The 

available data were not fully conclusive, but do suggest that quinidine 

sulfate is highly soluble and moderately to highly permeable and 

would likely be assigned to BCS Class I (or at worst BCS III). In view 

of the inconclusiveness of the data and, more important, quinidine’s 

narrow therapeutic window and critical indication, a biowaiver based 

approval of quinidine containing dosage forms cannot be 

recommended for either new multisource drug products or for major 

postapproval changes (variations) to existing drug products. 

34. Strauch et al evaluated the possibility of granting a biowaiver decision 

for Quinine sulfate  [83]. The biowaiver approach permits evaluation 

of bioequivalence (BE) using a set of laboratory tests, obviating the 

need for expensive and time-consuming pharmacokinetic BE studies 

provided that both the active pharmaceutical ingredient and the 

formulations can meet the specified criteria. In the present monograph, 

the biowaiver-relevant data including solubility and permeability data, 

therapeutic use and therapeutic index, pharmacokinetic properties, 

reported excipient interactions, and BE/bioavailability studies of 

quinine sulfate were itemized and discussed. Quinine sulfate has 

borderline solubility characteristics and, on the whole, is highly 

permeable. Thus, depending on the jurisdiction, it was assigned to 

Biopharmaceutics Classification System class I or II. Although these 
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characteristics would suggest a low risk of bioinequivalence among 

oral quinine products, a recent pharmacokinetic study showed 

bioinequivalence of two products. Even though quinine does not, 

strictly speaking, fit the definition of a narrow therapeutic index drug, 

it shows dose-related and, in some cases, irreversible side effects and 

toxicities at concentrations not far above the therapeutic concentration 

range. Taking all relevant aspects into consideration, a biowaiver 

cannot be recommended for new quinine immediate-release 

multisource products or major post-approval changes of already 

marketed quinine products, and in such cases, BE should be evaluated 

using an in vivo BE study. 

35. Becker et al evaluate the possibility of granting a biowaiver decision 

for Rifampicin [72]. Literature data relevant to the decision to allow a 

waiver of in vivo bioequivalence (BE) testing for the approval of new 

multisource and reformulated immediate release (IR) solid oral dosage 

forms containing rifampicin as the only Active Pharmaceutical 

Ingredient (API) were reviewed. Rifampicin’s solubility and 

permeability, its therapeutic use and index, pharmacokinetics, 

excipient interactions and reported BE/bioavailability (BA) problems 

were taken into consideration. Solubility and absolute BA data 

indicate that rifampicin is a BCS Class II drug. Of special concern for 

biowaiving is that many reports of failure of IR solid oral dosage 

forms of rifampicin to meet BE have been published and the reasons 

for these failures are yet insufficiently understood. Moreover, no 
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reports were identified in which in vitro dissolution was shown to be 

predictive of nonequivalence among products. Therefore, a biowaiver 

based approval of rifampicin containing IR solid oral dosage forms 

cannot be recommended for either new multisource drug products or 

for major scale-up and post approval changes (variations) to existing 

drug products. 

36. Silva et al evaluate the possibility of granting a biowaiver decision for 

Stavudine[84]. Literature data relevant to the decision to allow a 

waiver of in vivo bioequivalence (BE) testing for the approval of 

immediate-release (IR) solid oral dosage forms containing stavudine 

(d4T) were reviewed. According to Biopharmaceutics Classification 

System (BCS), d4T can be assigned to BCS class I. No problems with 

BE of IR d4T formulations containing different excipients and 

produced by different manufacturing methods have been reported and, 

hence, the risk of bioinequivalence caused by these factors appears to 

be low. Furthermore, d4T has a wide therapeutic index. It is concluded 

that a biowaiver is appropriate for IR solid oral dosage forms 

containing d4T as the single active pharmaceutical ingredient (API) 

provided that (a) the test product contains only excipients present in 

the IR d4T drug products that have been approved in a number of 

countries for the same dosage form, and (b) both test product and its 

comparator are either “very rapidly dissolving” or “rapidly dissolving” 

with similarity of dissolution profiles demonstrated at pH 1.2, 4.5, and 

6.8. 
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37. Soares et al evaluate the possibility of granting a biowaiver decision 

for Zidovudine[85]. Literature data on the properties of zidovudine 

relevant to waiver of in vivo bioequivalence (BE) testing requirements 

for the approval of immediate-release (IR) solid oral dosage forms 

containing zidovudine alone or in combination with other active 

pharmaceutical ingredients (APIs) were reviewed. Solubility, 

dissolution, and permeability data for zidovudine, along with its 

dosing schedule, therapeutic index and pharmacokinetic properties, 

and reports related to BE/bioavailability were all taken into 

consideration. Data for solubility and permeability suggest that 

zidovudine belongs to Class I according to the Biopharmaceutics 

Classification System. Also, zidovudine is not a narrow therapeutic 

index drug. Although five out of 13 formulations tested in vivo 

(mostly of unreported composition) failed to show BE, it appears that 

in vitro studies performed according to biowaiver methods could 

predict in vivo behavior. Nevertheless, it is highly recommended that if 

a biowaiver is to be applied, excipient choices be limited to those 

found in IR drug products approved in International Conference on 

Harmonisation (ICH) or associated countries in the same dosage form, 

in their usual amounts. These conclusions apply to products containing 

zidovudine as the only API and also to fixed combination products 

containing zidovudine with respect to the zidovudine component of 

the formulation. 
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Problem statement 

Since 1960s, BE studies have emerged as pivotal in the development of 

generic versions of originator products. The BCS-based biowaiver offers 

considerable economic and technical advantages for the pharmaceutical 

industry. 

Regulatory agencies like the FDA and the EMA allow the replacement of 

in vivoBE studies by in vitro dissolution testing for the approval of new 

and/or reformulated IR containing BCS class I and more recently class III 

APIs. The risks of granting a biowaiver for IR dosage forms containing 

ascorbic acid were not evaluated 

The importance of BE studies is increasing due to the large growth of the 

production and consumption of generic products[86]. Any solid oral 

generic drug product needs a proof of similar efficacy and safety compared 

to the innovator productto obtaining a MA. BE studies are expensive and 

time consuming in vivo method. 

Biowaiver means that in vivo BA and/or BE studies may be waived, and 

instead, in vitro dissolution testingcan be adopted as a surrogate for the 

decision as to whether the twopharmaceutical productsare equivalents.  

A major advantage of the biowaiver procedure is the simplification and 

reduction of time required for product approval, thus reducing the cost of 

bringing new products to the market place. 

This study is carried out on one of the WHO’s EML drugs, which is 

ascorbic acid. This study is needed to assign a correct BCS class for 

ascorbic acid based on its aqueous solubility in the pH range specified by 
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the regulatory agencies.Ascorbic acid is among the list adopted by the State 

of Palestine. In 2006, the WHO launched an initiative to waive in vivo BE 

studies requirements for solid oral dosage forms on the list. This initiative 

aims to reduce production costs of high quality and affordable generic 

versions of these medicines in developing and poor nations. The focus 

group on BCS and Biowaiver of the FIP has adopted the WHO initiative 

and invited researchers around the world to prepare biowaiver monographs 

for the orally administered solid dosage forms on the WHO essential 

medicines list [61]. As stated earlier, this monograph is a part of the 

biowaiver monographs series by the FIP. 

1.5 Objectives 

This study will be conducted with the following objectives: 

 To gather and organize all relevant data on ascorbic acid IRsolid oral 

dosage forms, which includes solubility, pharmacokinetics 

(especially with respect to absorption and bioavailability) and 

permeability of ascorbic acid, and the dissolution of dosage forms as 

per current BCS rules; the therapeutic use and therapeutic window of 

ascorbic acid; any history of problems with BA/BE and, if it exists, 

data on excipient interactions, Which have to be taken into 

consideration when a decision is to be made as to whether a new 

formulation of ascorbic acid (either a reformulation or a new, multi-

source product) needs to be tested in an in vivo bioequivalence study, 

or whether a biowaiver is appropriate and can be recommended. 
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 To assess the validity of the present BCS Guidance on the basis of 

the gathered data. To illustrate some of the possibilities: the results 

may show that there is a need to re-define the present BCS Classes 

(e.g. relax permeability requirements or D: S limits), to invoke other 

dissolution test conditions than those currently recommended or to 

change the specifications used for dissolution test results. 

 To assess the risks associated with an inappropriate biowaiver 

decision. Risks are defined not only as the probability of reaching an 

incorrect decision with respect to applicability of the biowaiver but 

also with respect to the ramifications of this decision in terms of 

public health and risks to individual patients. 

 To assess the release profiles of comparator and a generic IR oral 

dosage forms containing ascorbic acid as the only API using 

compendial dissolution method. 

3.1 Significance of the study 

This study may give foundations for the pharmaceutical industry to 

formulate IR solid oral dosage forms containing ascorbic acid as an API 

and use dissolution testing as a standard quality control test, similarly, this 

study may be beneficial for the regulatory authorities to whether grant a 

biowaiver for IR dosage forms containing ascorbic acid as an API. 

The significance of the present study can be summarized in the following 

bullets:  

 Correctly classifying ascorbic acid into BCS 
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 Economical, avoiding subjecting health volunteers to risk in BE 

studies 

 This study may give foundations for the pharmaceutical industry to 

formulate IR solid oral dosage forms containing ascorbic acid as an 

API and use dissolution testing as a standard quality control test, 

similarly, this study may be beneficial for the regulatory authorities 

to whether grant a biowaiver for IR dosage forms containing 

ascorbic acid as an API. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 



46 
 

 

 

 

 

 

 

 

 

 

 

4 CHAPTER FOUR: MATERIALS AND METHODS 
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4.1 Methods 

4.1.1 Chemical and Reagents 

0.1 N HCl (pH 1.2), phosphate buffer (pH 4.5), and phosphate buffer (pH 

6.8). Monobasic potassium phosphate, deionized water, hydrochloric acid, 

and sodium hydroxide were all obtained from the central chemical store of 

An-Najah National University.  

4.1.2 Products tested 

The tested products were comparator ascorbic acid 500 mg tablets[(batch 

No.: 205478, manufacturing date: 05/2012, expiry date: 

05/2015)]andGeneric ascorbic acid 500 mg[(batch No.: 212027, 

manufacturing date: 12/2012, expiry date: 12/2015)]. Both products were 

IRsolid oral dosage form tablets. 

4.1.3 Instruments 

The following instruments were used in this study: a) dissolution apparatus 

paddle type (DT-6, China), b) analytical balance, pH meter (Jenway 3510, 

Bibby Scientific, UK) and d) UV spectrophotometer (jenway 7315, bibby 

scientific ltd, UK). 

4.1.4 Literature search 

Literature data were obtained from PubMed, Micromedex, Scopus, 

Martindale, the Merck Index, Drug Bank, and Goodman and Gilman’s 

“The pharmacological basis of therapeutics” (11th edition). The keywords 

used for searching were: ascorbic acid, indication, therapeutic index, 
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toxicity, intestinal absorption, permeability, distribution, metabolism, 

excretion, first pass effect, pharmacokinetics (PK), bioavailability (BA), 

bioequivalence (BE), mass balance, radio labeled studies, polymorphism, 

log P, solubility, and dissolution. Information was also obtained from 

regulatory documents published by the WHO, FDA, and EMA. 

4.1.5 Solubility experiments 

Solubility studies were conducted to determine the aqueous solubility of 

ascorbic acid at different pH points in the range of 1-7.5 at 37 ºC and to 

assign a correct solubility class for ascorbic acid. According to the BCS, 

and the FDA guidelines, a drug substance is considered highly soluble 

when the highest dosestrength is soluble in 250 ml or less of aqueous media 

over the pH range of 1–7.5 [87, 88]. 

This can be demonstrated through the calculation of the dose number (D0) 

according to the equation [89, 90]: 

𝐷𝑜 =
(
𝑀𝑜

𝑉𝑜
)

𝐶𝑠
 

Where, Mo is the highest dose strength (in milligrams), Cs is the solubility 

(milligrams per milliliter), and Vo = 250 ml. A D0 value of ≤ 1 indicates 

that the highest dose strength is soluble in 250 ml of the investigated 

aqueous media, and hence indicates “high solubility” class.  

Solubility studies were performed at the Department of Pharmacy, An-

Najah National University Nablus, Palestine, using analytical grade 

ascorbic acid (purchased from Alfa Aesar, Johnson Matthey Company). A 
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standard shake-flask method was applied using three different aqueous 

media with pH values of1.2, 4.5, 6.8, and 7.5 PH points 

4.1.5.1 Buffer preparation: 

 1.2 buffer was prepared by placing 50ml of KCL solution in 200 ml 

volumetric flask then adding 85 ml of 0.2M HCL then adding  

deionized water to 1000ml. 

  4.5 (Phosphate buffer) was prepared by dissolving0.46 g of NaOH 

in 30 ml deionized water then adding few drops of concentrated 

HCL. 

  6.8 buffer was prepared by dissolving 6.8 g of KH2PO4 in 500 ml of 

deionized water and then adding of 0.94 g of NaOH and fill the flask 

to 1000 ml of deionized water. 

  7.5 PH was achieved by adding KCL to deionized water at 37 °C. 

 The establishment of equilibrium was confirmed by comparing the 

solubility at 24 h and 48h. The pH was measured both before and 

after the experiment to ensure that the solubility was indeed 

registered at the correct pH. Drug levels in the samples were 

analyzed using UV spectrophotometric assay of ascorbic acid at 

260nm[91]. Unknown concentrations were determined against 

calibration curve in the appropriate media. 

The calibration curve was done by Preparing  known samples of 

ascorbic acid  covering a range of concentrations expected for 

unknowns.Then measuring the response of the UV 

spectrophotometer at 260 nm wavelength for these standards. 
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Measurements were obtained in triplicates in each pH condition, then 

we make a graph of corrected versus concentration of standard, then 

find the best straight line through the linear portion of the data.  

 

Table 5: calibration curve data of ascorbic acid at 260 nm wave length 

 

Absorbance 
 

Conc.\microgram 

0.400462 10 

0.811734 20 

1.288152 30 

1.802088 40 

2.300075 50 

2.639165 60 

 

 

Figure 4: calibration curve of ascorbic acid immediate release oral dosage form 

4.1.6 Dissolution testing 

Dissolution experiments on IR tablets containing ascorbic acid 500 mg 

were carried out at the Department of Pharmacy, An-Najah National 

University, Nablus, Palestine. Dissolution profiles of ascorbic acid 500 mg 

tabletswere generated in 900 ml of deionized water at pH points of 1.2, 4.5 
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and 6.8 adjusted using 0.1 N HCl or NaOHsolutions. A paddle type 

dissolution apparatus was used and dissolution was tested in according to 

the USP type-II method [92]. Paddles rotated at 75 rpm and the temperature 

of the dissolution media was maintained at 37 ± 0.5 ºC. Aliquots of 5 mL 

were withdrawn at predetermined time intervals of 5, 10, 15, 20, 25, 30, 45 

and60 min. Withdrawn aliquots were replaced with the fresh medium of the 

appropriate buffer. Samples were filtered through 0.45 mm membrane 

filter. Samples were suitably diluted and analyzed at260 nm using UV 

spectrophotometer[91]. Release of the ascorbic acid from different 

formulations was determined against standard calibration curves. 

Measurements were obtained in triplicates in each pH condition. 

4.1.7 Excipients used in different formulations 

Excipients present in ascorbic acid IR solid oral formulations with a MA in 

Canada (CA), Czech Republic (CZ), Spain (ES), Ireland (IE), The 

Netherlands (NL), Slovakia (SK), Germany (DE), Denmark (DK), France 

(FR), United Kingdome (UK), Romania (RO), Sweden (SE), were searched 

using the databases on the websites of Health Canada, Czech State Institute 

for Drug Control, Spanish Agency of Medicines and Health Products, Irish 

Health Products Regulatory Authority, Netherland's Medicines Evaluation 

Board, Swedish Medical Products Agency, and Slovakian State Institute for 

Drug Control, German drug database websites, France High Authority of 

Health (HAS),United Kingdome Medicines and Healthcare products 

Regulatory Agency, and the Romanian National Agency For Medicines. 

The amount range of each excipient in a solid oral IR dosage forms with a 
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MA in the US in mg was taken from the FDA's inactive ingredient 

database. 

4.1.8 Molecular descriptors 

Molecular descriptors like polar surface area (PSA), n-octanol/water 

partition coefficient (log P), distribution-coefficient at pH 7.4 (log D7.4), 

number of hydrogen bond acceptors, number of hydrogen bond donors and 

pKa of ascorbic acid were calculated using ACD/Labs (ACD/Labs, 

Advanced Chemistry Development: Toronto, Canada), ChemAxon 

(ChemAxon, Budapest, Hungary), ALOGPS (The Virtual Computational 

Chemistry Laboratory, VCCLAB, Germany), and ChemBioDraw Ultra, 

Cambridge Soft Corporation, USA) software packages. 

4.1.9 Dosage form performance 

The BE and dissolution data of solid oral formulations containing ascorbic 

acid as an API were searched using the above mentioned databases. Data 

pertaining to bioinequivalence of ascorbic acid formulations were also 

searched.       
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5 CHAPTER FIVE:  RESULTS, DISCUSSION AND 

CONCLUSION 
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5.1 Results 

5.1.1 Solubility measurement 

Solubility of ascorbic acid in aqueous media over the pH range of 1-7.5 

was determined at 37 ± 0.5 °C. The solubility measurements show that the 

maximum dose listed on the WHO’s EML list was soluble in less than 250 

mL of water over the pH range specified by the regulatory agencies at 37 

°C. The calculated D0 values are shown in Table 1. 

Table 1: Solubility measurements in aqueous media at various pH 

points in the range of 1-7.5 at 37°C. 

pH Medium 
Solubility 

(mg/mL) 

Dose number 

(D0)  

Acceptance criterion 

(D0 ≤ 1) for “highly 

soluble” drugs (Yes/No) 

1.2 0.1M HCL 1900 0.00011 Yes 

4.5 
Phosphate 

buffer 
900 

0.00022 
yes 

6.8 
Phosphate 

buffer 
1400 

0.00014 
Yes 

7.5 
Phosphate 

buffer 
700 

0.00029 
Yes 

5.1.2 Solubility reported in the literature 

Ascorbic acid was reported to be  “freely soluble in water” in Martindale 

and the Merck Index[93, 94].The Drug Bank database reported an 

experimental solubility of 400 g/L of  water measured at 40 °C [95]. 

ALOGPS predicted a solubility of 245 mg/mL in water.  

5.1.1 Molecular descriptors 

Ascorbic acid is a hydrophilic compound with a log P of -1.85 (octanol–

water) (Drug Bank, 2015). At the small intestinal pH 6.8, ascorbic acid has 
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a negative log D value of -4.90 [96].Applying the Lipinski’s rule of five, 

ascorbic acid passes and would be preferably formulated as oral dosage 

form[97]. The Lipinski's rule of five can be summarized as below: 

 No more than 5 hydrogen bond donors  

 No more than 10 hydrogen bond acceptors  

 A molecular mass less than 500 Dalton 

 A log P value not greater than 5 

The molecular descriptors of ascorbic acid calculated using different 

software packages are shown in Table 2.  

Table 2: Predicted molecular descriptors of ascorbicacid using 

different software packages 

 
Software 

Property ChemBioDraw ACD/Labs ChemAxon ALOGPS 

Log P -1.75 -2.41 -1.91 -1.6 

Log D at pH 6.8D (log 

D6.8) 
- -4.99 -4.90 - 

Number of hydrogen 

bond acceptors 
- 6 5 - 

Number of hydrogen 

bond donors 
- 4 4 - 

PSA (Å) 107.22 107 107.22 - 

PKa - - 

4.36 (Strongest 

Acidic), -3 

(Strongest Basic) 

- 

Mol. wt. 176.12 

5.1.2 Permeability and bioavailability 

Transport of ascorbic acid was found to be Na+-dependent which is 

saturable[23]. Studies suggested that some transporters like GLUT1, 

GLUT3, SVCT1 and SVCT2 might be implicated in the transport of 

dehydroascorbic acid transport[98].Using intestinal perfusion to measure 

https://en.wikipedia.org/wiki/Hydrogen_bond
https://en.wikipedia.org/wiki/Hydrogen_bond
https://en.wikipedia.org/wiki/Molecular_mass
https://en.wikipedia.org/wiki/Atomic_mass_unit
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uptake rates, absorption of ascorbic acid was calculated as 50 mg/cm-hr 

[99]. The BA of a liquid solution given orally at fasting state was shown to 

be 90% for doses less or equal to 200 mg [100, 101].  BA was shown to 

decrease with increasing doses. In a study conducted by Levine et al, 

ascorbic acid showed dose dependent BA[101]. The study compared the 

pharmacokinetics after doses ranging from 30 mg to 2500 mg administered 

orally and intravenously. Interestingly, the BA was 100% after a single oral 

dose of 200 mg while decreased to about 33% after a single dose of 1250 

mg. The pharmacokinetics of ascorbic acid was shown to be nonlinear, 

especially at lower doses.  

5.1.3 Dissolution 

Dissolution experiments showed that comparator and generic ascorbic acid 

formulations (C-Tamin and Vitamin C)released different quantities of 

ascorbic acid in function of time in different dissolution media. The 

difference (ƒ1) and similarity (ƒ2) factors are shown in Table3.    

Table 3: Difference (ƒ1) and similarity (ƒ2) factors 

pH  Difference (ƒ1) factors 
Similarity (ƒ2) 

factors 

1.2 21.7 40.4 

4.5 11.3 57.2 

6.8 23.6 45.1 

Similarity factor (f2) equation is : 

f2=50*Log{1+1/N[∑(Rt-Tt)2]}-0.5*100 

And the difference factor (f1)equation is: 

 f1= {[∑ t=1
n |Rt-Tt|] / [∑ t=1

n Rt]} x100 
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where, Rt and Tt are the cumulative percentage dissolved at each of 

the selected n time points of the reference and test product, 

respectively. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Dissolution profile of comparator (reference) and generic (test)ascorbic acid 

500 mg tablets at pH 1.2. 
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Figure 3: Dissolution profile of comparator (reference) and generic (test)ascorbic acid 

500 mg tablets at pH 4.5. 

 

Figure 4: Dissolution profile of comparator (reference) and generic (test)ascorbic acid 

500 mg tablets at pH 6.8. 

0

20

40

60

80

100

120

0 10 20 30 40 50

F
ra

c
ti

o
n

 d
is

s
o

lv
e

d
 (

%
)

Time (min)

Reference Test

0

20

40

60

80

100

120

0 10 20 30 40 50

F
ra

c
ti

o
n

 d
is

s
o

lv
e

d
 (

%
)

Time (min)

Reference Test



59 

5.1.4 Excipients used in different dosage forms 

Excipients present in ascorbic acid IR solid oral drug products with a MA 

in ICH and associated countries are shown in Table 4. It can be assumed 

that these drug products successfully passed an in vivo BE study, clinical 

trial or were judged by other appropriate means by the regulatory authority 

to provide adequately similar clinical safety and efficacy. Excipients 

present in these drug products seem, therefore, to be safe . 

Table 4: Excipients Present in ascorbic acid IR Solid Oral Drug 

Products with a Marketing Authorization (MA) in Canada (CA), 

Czech Republic (CZ), Spain (ES), Ireland (IE), The Netherlands (NL), 

Slovakia (SK),Germany (DE),Denmark (DK),France (FR),United 

Kingdome (UK),Romania (RO), and Sweden (SE). 

Excipient  Drug Products Containing 

That Excipient with a MA 

Granted by the Named 

Country 

Range Present in 

Solid Oral Dosage 

Forms with a MA 

in the US (mg) 

Acesulfame Potassium CA(1),CZ(6) 0.12-117 

Alcohol Phenylethylalcohol CA(2) 0.25-0.5 

Allura Red Ac. CA(4),CZ(6) 0.0005-50 

Ammonium Hydroxide CA(4) 0.02-39.75 

Anhydrous Silica CA(5),ES(12),SE(19) 2.25-7.2 

Aspartam CZ(6),DK(9),ES(11),FR(14) 0.01-65 

Benzoic Aldehyde DE(7),FR(14) 0-2 

Bitter Almond 

Essencemaltose Dextrin 

DE(8),FR(14) 0.158-295 

 Capsule-Gelatin DK(9),RO(18) 0.13-1000 

 Carnauba Wax CA(3,4),DK(10) 0.046-300 

 Carrageenan CA(1),ES(11) 0.1534-33 

 Cellulose CA(2,3,4,5),SE(17,19),UK(20) 4.5-1120 

 Citric Acid CA(1,2),ES(12),FR(13) 0.0002-500 

 Corn Starch DE(7),FR(14) 0.337-1135 

Compressible Sugar IE(15) 49-623 

Copolymere Methacrylate 

Acrylate Methyle 

FR(13),NL(16) 6.7-93.3 

Crospovidone DE(8) ,SE(17) 0.02-722 

Dextrose CA(5),RO(18) 4.4-903 
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 D&C Red #27  SE(19) 0.0007-48.75 

Fd&C Blue #1 CA(4),UK(20) 0.002-3.7 

Fd&C Red #40 CA(4) 0.0006-40 

Fd&C Blue #2  CA(4) 0.008-24.12 

Fd&C Yellow #6 CA(4) 0.0006-6.97 

 Fructose CA(1,2) 0.6667-438 

 Gelatin DE(7) 0.26-1000 

Glucose Monohydrate SE(17) 0.025-5 

Gum Arabic FR(14) 0-9 

Hydroxypropyl Cellulose SE(19) 0.0004-187 

Hydroxypropyl 

Methylcellulose 

CA(3) 0.25-100.4 

Hypromellose. IE(15) 0.125-320 

 Isopropyl Alcohol CA(4) 2-398 

Lactose CZ(6),DE(8),NL(16) 0.45-1013 

Lemon Flavoring DK(9) 0.1-340 

Macrogol 6000th SE(19) 0.06-128 

Macrogol 8000 FR(13) 0.18-190 

Macrogol/Peg 3350 CA(4) 0.5-1425 

 Magnesium Stearate CA(1,3,4,5), SE(19) 0.0015-250 

Microcrystalline Cellulose CA(3,4),SE(17,19),UK(20) 0.05-1385.3 

Malic Acid CA(1) 0.01-4 

Mannitol CA(1),DK(9),ES(11),FR(14) 0.05-606 

N-Butyl Alcohol CA(4) 0.0786-2 

Orange Flavor Powder CZ(6) 0.01-50 

Paraffin Oil DK(9) 0.06-50 

Pectin IE(15) 25.5-1400 

 Polyvinyl Alcohol CA(4) 0.05-119 

Povidone DE(8),FR(13) 0.9-240 

 Propylene Glycol CA(4) 0.44-252 

 Saccharin Sodium DK(9) 0.05-60 

 Shellac CA(4),DE(7),RO(18) 3.3-87 

Silica CA(1,5),DE(7),DK(10),ES(12)

,SE(19) 

2.25-7.2 

Silicon Dioxide CA(2,3) 0.65-100 

 Sodium Bicarbonate CZ(6) 0.005-267 

 Sodium Dodecyl Sulfate DE(7) 0.02-20 

 Sodium 

Metabisulphate(E223) 

UK(20) 0.003-27.5 

 Sorbitol CA(2),CZ(6),ES(12) 0.25-337 

 Stearic Acid CA(1,2,5),DE(7),SE(17) 0.2-187 

 Sucrose CA(1),DE(7),ES(12) 0.02-1200 

 Talc DE(7),DK(10),FR(14),SE(17),

RO(18) 

0.1-110 

 Tartaric Acid DE(7),RO(18) 10-215 

Titanium Dioxide (E 171). RO(18) 0.10-35.7 

 Xanthan Gum CA(1) 0.15-75 
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Sources of data: CA, www.hc-sc.gc.ca (accessed on 02-7-2015); CZ, 

www.sukl.cz/ (accessed n 02-7-2015); ES, www.aemps.es (accessed on 04-

7-2015); IE, www.imb.ie/ (accessed on 04-7-2015); NL, www.cbg-meb.nl 

(accessed on 09-7-2015); SE, www.lakemedelsverket.se (accessed on 09-7-

2015); SK, www.sukl.sk (accessed on 14-7-2015),DE www.rote-

liste.de(accessed on 14-7-2015),DK www.dkma.dk(accessed on 14-7-

2015),FR www.theriaque.org (accessed on 14-7-2015),RO 

www.anm.ro(accessed on 14-7-2015),UK www.medicines.org.uk/emc 

(accessed on 014-17-2015),SE www.lakemedelsverket (accessed on 014-

17-2015 ).  

1  Kanga Vites C 

2 Life C 

3 formula hh 

4 PREGVIT 

5 Jamieson™ Vitamin C 

6 Celaskon 500 mg 

7 Cetebe® Vitamin C Retard 500 

8  VITAMIN C MP 500 Tabletten 

9 APOVIT C-vitamin ekstrastærk 

10 Bio-C-Vitamin ”Pharma Nord” syreneutral 

11 REDOXC 500 mg COMPRIMIDOS MASTICABLES  

12 Cebión 500 mg 

13 FERO GRAD VITAMINE C 105MG/500MG CPR 

14 VITAMINE C UPSA 500mg CPR 

file:///C:/Users/icloud/Downloads/www.hc-sc.gc.ca
file:///C:/Users/icloud/Downloads/www.sukl.cz/
file:///C:/Users/icloud/Downloads/www.aemps.es
file:///C:/Users/icloud/Downloads/www.imb.ie/
http://www.cbg-meb.nl/
http://www.lakemedelsverket.se/
http://www.sukl.sk/
file:///C:/Users/Dr.Ramzi/Downloads/www.rote-liste.de
file:///C:/Users/Dr.Ramzi/Downloads/www.rote-liste.de
file:///C:/Users/Dr.Ramzi/Downloads/www.dkma.dk
http://www.theriaque.org/
file:///C:/Users/Dr.Ramzi/Downloads/www.anm.ro
file:///C:/Users/Dr.Ramzi/Downloads/www.medicines.org.uk/emc
http://www.lakemedelsverket/
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15 VITAMIN C Tablets. 

16 Vitamine C Apotex 500 mg tablet 

17 CitroVit Vitamin C tab 

18 SICOVIT C 500mg tablet 

19 Ido-C 0.5 g tablet 

20 Ascorbic Acid Tablets 500mg 

 

5.1.5 Dosage form performance 

A study investigated theBE of three formulations containing ascorbic acid 

as a single API. The formulations were of 1000 mg strength. The study was 

open with a randomized 3-period crossover designon 17 volunteers 

[102].Tested formulations were well tolerated and no adverse effects were 

reported. Plasma pharmacokinetic parameters like areas under the curves 

(AUC) from 0 to 12h and from 0 to 48h, maximum achieved concentration 

(Cmax) and the time at which it occurred (Tmax) were compared and were 

within the accepted BE range of 80-125%[102]. The three formulations 

were deemed bioequivalents.  

6.1 Discussion 

6.1.1 Solubility 

Ascorbic acid was reported to be freely soluble in water in different 

databases. However, solubility was not measured in accordance with the 

BCS principles. In order to assign an API to either high or low BCS 

solubility class, it is a prerequisite to measure solubility in aqueous media 
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at 37 ± 0.5 °C in the pH range of 1-7.5 in accordance to the BCS principles 

set by the FDA and 1.2-6.8 according to the criteria specified by the EMA, 

WHO and recent FDA drafted guidelines [6-8, 103]. Solubility data for 

ascorbic acid reported in the literature was not suitable to assign a 

solubility class for the API. Therefore, we had to measure the solubility in 

accordance with the guidelines. Solubility measured in buffered aqueous 

media showed that the highest dose strength of ascorbic acid would be 

soluble in less than 250 mL of water. The D0 values were in the range of 

0.00011 to 0.00029 as shown in Table 1. These results, unequivocally 

indicate that ascorbic acid belongs to “high solubility” BCS class drugs.  

6.1.2 Permeability 

Permeability of ascorbic acid was not intensively investigated.However, 

reports of complete absorption at doses less than 200 mg were published. 

Despite the implication of active transport, it is thought that ascorbic acid 

would have “high” permeability, especially at low doses. As the dose 

specified by the WHO on the EML and the lists adopted by various 

countries including Palestine, it is believed that the dose of 50 mg would be 

completely absorbed.Previous studies showed that transporters like 

GLUT1, GLUT3, SVCT1 and SVTC2 are implicated in the transport of 

ascorbic acid[98]. This active transport is saturable which might explain the 

nonlinear pharmacokinetics of ascorbic acid. In fact, Nelson et al. showed 

that 50 mg would be absorbed in the upper intestine within 1 h [99]. 

Therefore, based on these data, ascorbic acid would be assigned “high” 

permeability BCS class.   
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6.1.3 Dissolution of tested comparator and generic version 

Comparing the release profiles of the comparator and generic version 

showed that the two profiles were not similar as shown in Table 3 and 

Figures 2-4. This could be interesting in the context of biowaiver and 

conducting in vitro dissolution testing to ensure similarity between 

innovator products and their generic versions. As the tested generic product 

failed to demonstrate similar release profile it is highly likely that this 

product will fail a pivotal BE study. Therefore, it is believed that 

conducting in vitro dissolution testing can reveal the quality of the tested 

products. In a commentary published in the AAPS journal, Polli discussed 

that in vitro dissolution testing are sometimes better than conventional 

human in vivo BE studies for IR solid oral dosage forms[104].   

6.1.4 Risks of bioinequivalence caused by excipients and/or 

manufacturing parameters 

No information was found in the literature concerning potential influence 

of excipients or manufacturing process on the performance of ascorbic acid 

formulations. Generally, ascorbic acid containing IR oral formulations 

tended to perform well in vivo and in vitro. 

6.1.5 Patient’s risks associated with bioinequivalence 

In general, the safety margin of ascorbic acid is thought to be high as the 

upper limit for ascorbic acid intake is 2000 mg/day [105]. The main risk 

associated with bioinequivalence of generic ascorbic acid formulations is 

ascorbic acid toxicity. Up to 10 g/day of ascorbic acid are sometimes taken 
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for unproven health benefits, such as preventing or shortening the duration 

of viral infections or slowing or reversing the progression of cancer or 

atherosclerosis Such doses may acidify the urine, because nausea and 

diarrhea interfere with the healthy antioxidant-prooxidant balance in the 

body [106], and in patients with thalassemia or hemochromatosis, promote 

iron overload [107]. Ascorbic acid is generally non-toxic but at high doses 

(2–6 g/day) it can cause gastrointestinal disturbances or diarrhea [47, 108]. 

It has been reported that there is no evidence of carcinogenicity. Ascorbic 

acid overdose typically results in diarrhea after oral dosage of 1 g or more 

daily or greater. Doses of 8 g daily decrease serum uric acid.  

5.1.6 Conclusions 

Ascorbic acid is a high solubility and high permeability drug, and therefore 

is classified as a BCS class 1 compound. The risk of bioinequivalence is 

manageable as long as the use of ascorbic acid is safe. For these reasons, 

we consider ascorbic acid to be a good candidate for waiver of in vivo BE 

studies. 

Granting a biowaiver for IR solid oral dosage forms containing ascorbic 

acid is scientifically justified, subjected to the following conditions: 

1) The test product contains only excipients that are well known and 

used in normal amounts, for example, those tabulated for products 

with MA in ICH-associated countries . 

2) Both the test and comparator dosage forms show very rapid 

dissolution of ascorbic acid or, rapid dissolution without similarity of 
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the dissolution profiles demonstrated at least at pH 1.2, and 6.8 for 

ascorbic acid.  

For products containing other APIs in addition to ascorbic acid, the 

possibility of a biowaiver for each API should be separately considered. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



67 

References 

1. Tong W, Generic interchangeability. N Z Med J, 1995. 108(995): p. 

89. 

2. FDA, Guidance for Industry Bioavailability and Bioequivalence 

Studies for Orally Administered Drug Products — General 

Considerations. U.S. Department of Health and Human Services 

Food and Drug Administration Center for Drug Evaluation and 

Research (CDER). Rockville, MD. 2003. 

3. Chen, M.L., et al., The BCS, BDDCS, and regulatory guidances. 

Pharm Res, 2011. 28(7): p. 1774-8. 

4. WHO, General notes on Biopharmaceutics Classification System 

(BCS)-based biowaiver applications. WHO Prequalification of 

Medicines Programme. Geneva. 2011. 

5. Vogelpoel, H., et al., Biowaiver monographs for immediate release 

solid oral dosage forms based on biopharmaceutics classification 

system (BCS) literature data: verapamil hydrochloride, propranolol 

hydrochloride, and atenolol. J Pharm Sci, 2004. 93(8): p. 1945-56. 

6. WHO Proposal to waive in vivo bioequivalence requirements for 

WHO model list of essential medicines immediate-release, solid oral 

dosage forms. Technical Report Series, No 937, 40th Report, Annex 

8 of WHO Expert Committee on Specifications for Pharmaceutical 

Preparations. 2006. 

7. European Medicines Agency (EMA), C.f.P.M.P.C. Note for Guidance 

on the Investigation of Bioavailability and Bioequivalence. 2001. 



68 

8. US Department of Health and Human Services, F.a.D.A., Center for 

Evaluation and Research (CDER) Guidances for industry: waiver of 

in vivo bioavailability and bioequivalence studies for immediate-

release solid oral dosage forms based on a biopharmaceutics 

classification system. 2000. 

9. DrugBank Vitamin C. 2015. 

10. Luca, L.M. and K.R. Norum, Scurvy and cloudberries: a chapter in 

the history of nutritional sciences. J Nutr, 2011. 141(12): p. 2101-5. 

11. Wani, N.A., R. Nada, and J. Kaur, Biochemical and molecular 

mechanisms of folate transport in rat pancreas; interference with 

ethanol ingestion. PLoS One, 2011. 6(12): p. e28599. 

12. Chambial, S., et al., Vitamin C in disease prevention and cure: an 

overview. Indian J Clin Biochem, 2013. 28(4): p. 314-28. 

13. Grosso, G., et al., Effects of vitamin C on health: a review of 

evidence. Front Biosci (Landmark Ed), 2013. 18: p. 1017-29. 

14. Vissers, M.C., et al., The bioavailability of vitamin C from kiwifruit. 

Adv Food Nutr Res, 2013. 68: p. 125-47. 

15. Ullah, M.F., et al., Ascorbic acid in cancer chemoprevention: 

translational perspectives and efficacy. Curr Drug Targets, 2012. 

13(14): p. 1757-71. 

16. Scheers, N.M. and A.S. Sandberg, Iron regulates the uptake of 

ascorbic acid and the expression of sodium-dependent vitamin C 

transporter 1 (SVCT1) in human intestinal Caco-2 cells. Br J Nutr, 

2011. 105(12): p. 1734-40. 



69 

17. Harrison, F.E., et al., Low ascorbic acid and increased oxidative 

stress in gulo(-/-) mice during development. Brain Res, 2010. 1349: 

p. 143-52. 

18. Banhegyi, G., et al., Ascorbate metabolism and its regulation in 

animals. Free Radic Biol Med, 1997. 23(5): p. 793-803. 

19. Braun, L., et al., Gluconeogenesis from ascorbic acid: ascorbate 

recycling in isolated murine hepatocytes. FEBS Lett, 1996. 390(2): 

p. 183-6. 

20. (MeSH, N.L.o.M.s.M.S.H.o.f. 

21. Campistol Plana, J., et al., [Scurvey, presentation of six cases 

(author's transl)]. An Esp Pediatr, 1979. 12(11): p. 745-52. 

22. Fain, O., [Vitamin C]. Rev Prat, 2013. 63(8): p. 1091-6. 

23. Rumsey, S.C. and M. Levine, Absorption, transport, and disposition 

of ascorbic acid in humans. The Journal of Nutritional 

Biochemistry, 1998. 9(3): p. 116-130. 

24. Levine, M., et al., Criteria and recommendations for vitamin C 

intake. JAMA, 1999. 281(15): p. 1415-23. 

25. Arruda, M.M., et al., Antioxidant vitamins C and E supplementation 

increases markers of haemolysis in sickle cell anaemia patients: a 

randomized, double-blind, placebo-controlled trial. Br J Haematol, 

2013. 160(5): p. 688-700. 

26. Choengchan, N., et al., Tandem measurements of iron and creatinine 

by cross injection analysis with application to urine from 

thalassemic patients. Talanta, 2015. 133: p. 52-8. 



70 

27. Knorr, M., et al., [Effect of heparin and ascorbic acid on growth 

behavior of cultivated corneal epithelial cells of the rabbit]. 

Ophthalmologe, 1996. 93(3): p. 275-8. 

28. Bravo, K., et al., Influence of cultivar and ripening time on bioactive 

compounds and antioxidant properties in Cape gooseberry (Physalis 

peruviana L.). J Sci Food Agric, 2015. 95(7): p. 1562-9. 

29. Christen, W.G., et al., Vitamins E and C and medical record-

confirmed age-related macular degeneration in a randomized trial 

of male physicians. Ophthalmology, 2012. 119(8): p. 1642-9. 

30. Warner, T.A., et al., Low brain ascorbic acid increases susceptibility 

to seizures in mouse models of decreased brain ascorbic acid 

transport and Alzheimer's disease. Epilepsy Res, 2015. 110: p. 20-5. 

31. Leopold, J.A., Antioxidants and coronary artery disease: from 

pathophysiology to preventive therapy. Coron Artery Dis, 2015. 

26(2): p. 176-83. 

32. Edefonti, V., et al., Natural vitamin C intake and the risk of head 

and neck cancer: A pooled analysis in the International Head and 

Neck Cancer Epidemiology Consortium. Int J Cancer, 2015. 137(2): 

p. 448-62. 

33. Chistolini, A., et al., Ascorbic acid for the treatment of autoimmune 

thrombocytopenic purpura. Haematologica, 1992. 77(2): p. 187-8. 

34. Hancock, R.D., Recent patents on vitamin C: opportunities for crop 

improvement and single-step biological manufacture. Recent Pat 

Food Nutr Agric, 2009. 1(1): p. 39-49. 



71 

35. Basu, T.K., et al., Ascorbic acid therapy for the relief of bone pain in 

Paget's disease. Acta Vitaminol Enzymol, 1978. 32(1-4): p. 45-9. 

36. Hemila, H., Vitamin C and the treatment of tetanus. Ann Afr Med, 

2010. 9(2): p. 108-9. 

37. Fotopoulos, V., M. Sanmartin, and A.K. Kanellis, Effect of ascorbate 

oxidase over-expression on ascorbate recycling gene expression in 

response to agents imposing oxidative stress. J Exp Bot, 2006. 

57(14): p. 3933-43. 

38. Samsam Shariat, S.Z., S.A. Mostafavi, and F. Khakpour, Antioxidant 

effects of vitamins C and e on the low-density lipoprotein oxidation 

mediated by myeloperoxidase. Iran Biomed J, 2013. 17(1): p. 22-8. 

39. Peng, B., et al., Determination of total iron in water and foods by 

dispersive liquid-liquid microextraction coupled with microvolume 

UV-vis spectrophotometry. Food Chem, 2015. 176: p. 288-93. 

40. Talarico, V., et al., Do you remember scurvy? Clin Ter, 2014. 

165(5): p. 253-6. 

41. Hoffer, A., Ascorbic acid and toxicity. N Engl J Med, 1971. 285(11): 

p. 635-6. 

42. Belhachemi, M.H., et al., Effects of ascorbic acid and alpha-

tocopherol on the therapeutic index of amphotericin B. J Mycol 

Med, 2014. 24(4): p. e137-42. 

43. Sato, Y., et al., Mechanism of free radical-induced hemolysis of 

human erythrocytes: hemolysis by water-soluble radical initiator. 

Biochemistry, 1995. 34(28): p. 8940-9. 



72 

44. Carr, A.C., S.M. Bozonet, and M.C. Vissers, A randomised cross-

over pharmacokinetic bioavailability study of synthetic versus 

kiwifruit-derived vitamin C. Nutrients, 2013. 5(11): p. 4451-61. 

45. Kapsokefalou, M. and D.D. Miller, Iron loading and large doses of 

intravenous ascorbic acid promote lipid peroxidation in whole serum 

in guinea pigs. Br J Nutr, 2001. 85(6): p. 681-7. 

46. Hathcock, J.N., et al., Vitamins E and C are safe across a broad 

range of intakes. Am J Clin Nutr, 2005. 81(4): p. 736-45. 

47. Johnston, C.S., Biomarkers for establishing a tolerable upper intake 

level for vitamin C. Nutr Rev, 1999. 57(3): p. 71-7. 

48. Merck Index, t.E., No. 8723 (sodium salt). 

49. Crystallographic Data- 11. Ascorbic Acid. Anal. Chem., , 1948,. 20 

((10), ): p. pp 986–986. 

50. Organization, W.H., WHO model list of essential medicines: 17th 

list, March 2011. 2011. 

51. DrugBank, DrugBank, Open Data Drug and Drug Target database. 

Version 4.1. http://drugbank.ca/drugs. 2015. 

52. FDA, Orange Book: Approved Drug Products with Therapeutic 

Equivalence Evaluations. 2015. 

53. Kortejarvi, H., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: ranitidine hydrochloride. J Pharm Sci, 

2005. 94(8): p. 1617-25. 

http://drugbank.ca/drugs


73 

54. Potthast, H., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: ibuprofen. J Pharm Sci, 2005. 94(10): p. 

2121-31. 

55. Kalantzi, L., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: acetaminophen (paracetamol). J Pharm 

Sci, 2006. 95(1): p. 4-14. 

56. Jantratid, E., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: cimetidine. J Pharm Sci, 2006. 95(5): p. 

974-84. 

57. Granero, G.E., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: acetazolamide. J Pharm Sci, 2008. 97(9): p. 

3691-9. 

58. Dressman, J.B., et al., Biowaiver monograph for immediate-release 

solid oral dosage forms: acetylsalicylic acid. J Pharm Sci, 2012. 

101(8): p. 2653-67. 

59. Manzo, R.H., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: amitriptyline hydrochloride. J Pharm Sci, 

2006. 95(5): p. 966-73. 

60. Arnal, J., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: aciclovir. J Pharm Sci, 2008. 97(12): p. 5061-73. 

61. Nair, A., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: amodiaquine hydrochloride. J Pharm Sci, 2012. 

101(12): p. 4390-401. 



74 

62. Charoo, N.A., et al., Biowaiver monograph for immediate-release 

solid oral dosage forms: bisoprolol fumarate. J Pharm Sci, 2014. 

103(2): p. 378-91. 

63. Verbeeck, R.K., et al., Biowaiver monographs for immediate release 

solid oral dosage forms based on biopharmaceutics classification 

system (BCS) literature data: chloroquine phosphate, chloroquine 

sulfate, and chloroquine hydrochloride. J Pharm Sci, 2005. 94(7): p. 

1389-95. 

64. Olivera, M.E., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: ciprofloxacin hydrochloride. J Pharm Sci, 

2011. 100(1): p. 22-33. 

65. Dahan, A., et al., Biowaiver monographs for immediate-release solid 

oral dosage forms: codeine phosphate. J Pharm Sci, 2014. 103(6): p. 

1592-600. 

66. Chuasuwan, B., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: Diclofenac sodium and diclofenac 

potassium. J Pharm Sci, 2009. 98(4): p. 1206-1219. 

67. Jantratid, E., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: Doxycycline hyclate. J Pharm Sci, 2010. 

99(4): p. 1639-1653. 

68. Cristofoletti, R., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: efavirenz. J Pharm Sci, 2013. 102(2): p. 

318-329. 



75 

69. Becker, C., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: Ethambutol dihydrochloride. J Pharm Sci, 2008. 

97(4): p. 1350-1360. 

70. Charoo, N., et al., Biowaiver Monograph for Immediate‐Release 

Solid Oral Dosage Forms: Fluconazole. J Pharm Sci, 2014. 

103(12): p. 3843-3858. 

71. Granero, G., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: Furosemide. J Pharm Sci, 2010. 99(6): p. 

2544-2556. 

72. Becker, C., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: rifampicin. J Pharm Sci, 2009. 98(7): p. 2252-67. 

73. Shohin, I.E., et al., Biowaiver monographs for immediate‐release 

solid oral dosage forms: Ketoprofen. J Pharm Sci, 2012. 101(10): p. 

3593-3603. 

74. Strauch, S., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: lamivudine. J Pharm Sci, 2011. 100(6): p. 2054-

2063. 

75. Koeppe, M.O., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: Levofloxacin. J Pharm Sci, 2011. 100(5): p. 

1628-1636. 

76. Strauch, S., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: mefloquine hydrochloride. J Pharm Sci, 2011. 

100(1): p. 11-21. 



76 

77. Stosik, A., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: Metoclopramide hydrochloride. J Pharm Sci, 

2008. 97(9): p. 3700-3708. 

78. Rediguieri, C.F., et al., Biowaiver monographs for immediate release 

solid oral dosage forms: Metronidazole. J Pharm Sci, 2011. 100(5): 

p. 1618-1627. 

79. Shohin, I.E., et al., Biowaiver Monographs for Immediate Release 

Solid Oral Dosage Forms: Piroxicam. J Pharm Sci, 2014. 103(2): p. 

367-377. 

80. Vogt, M., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: prednisone. J Pharm Sci, 2007. 96(6): p. 1480-9. 

81. Becker, C., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: pyrazinamide. J Pharm Sci, 2008. 97(9): p. 3709-

20. 

82. Grube, S., et al., Biowaiver monographs for immediate release solid 

oral dosage forms: quinidine sulfate. J Pharm Sci, 2009. 98(7): p. 

2238-51. 

83. Strauch, S., et al., Biowaiver monographs for immediate-release solid 

oral dosage forms: Quinine sulfate. J Pharm Sci, 2012. 101(2): p. 

499-508. 

84. Silva, A.L.L., et al., Biowaiver monographs for immediate-release 

solid oral dosage forms: Stavudine. J Pharm Sci, 2012. 101(1): p. 

10-16. 



77 

85. Soares, K.C.C., et al., Biowaiver monographs for immediate-release 

solid oral dosage forms: Zidovudine (azidothymidine). J Pharm Sci, 

2013. 102(8): p. 2409-2423. 

86. Ramirez, E., et al., The importance of sample size, log-mean ratios, 

and intrasubject variability in the acceptance criteria of 108 

bioequivalence studies. Eur J Clin Pharmacol, 2008. 64(8): p. 783-

93. 

87. Boaz, S.M., et al., Water-soluble vitamin homeostasis in fasting 

northern elephant seals (Mirounga angustirostris) measured by 

metabolomics analysis and standard methods. Comp Biochem 

Physiol A Mol Integr Physiol, 2012. 161(2): p. 114-21. 

88. CDER/FDA, Guidance for industry:Waiver of in vivo bioavailability 

and bioequivalence studies for immediate-release solid oral 

dosage forms based on a biopharmaceutics classification system, 2000. 

89. Obeid, P.J., et al., Determination and assessment of total mercury 

levels in local, frozen and canned fish in Lebanon. Journal of 

Environmental Sciences, 2011. 23(9): p. 1564-1569. 

90. WHO, Minor and trace elements in breast milk: report of a joint 

WH. 1989. 

91. Hernanz, A., High-performance liquid chromatographic 

determination of ascorbic acid in serum using paired-ion 

chromatography and UV spectrophotometric detection. J Clin Chem 

Clin Biochem, 1988. 26(7): p. 459-61. 



78 

92. Pharmacists' Pharmacopeia, U., Rockville, MD: US 

Pharmacopeial Convention, 2008, Inc. 

93. Martindale, W. and S.C. Sweetman, Martindale: the complete drug 

reference. 1999: Pharmaceutical press London. 

94. O'Neil, M.J., The Merck index: an encyclopedia of chemicals, 

drugs, and biologicals. 2013: RSC Publishing. 

95. Bank, D., Open Data Drug and DrugTarget Database, 2012, 

Available in. 

96. Takács-Novák, K., K.J. Box, and A. Avdeef, Potentiometric pK a 

determination of water-insoluble compounds: validation study in 

methanol/water mixtures. International journal of pharmaceutics, 

1997. 151(2): p. 235-248. 

97. Wu, C.-Y. and L.Z. Benet, Predicting drug disposition via 

application of BCS: transport/absorption/elimination interplay and 

development of a biopharmaceutics drug disposition classification 

system. Pharm Res, 2005. 22(1): p. 11-23. 

98. Rumsey, S.C., et al., Glucose transporter isoforms GLUT1 and 

GLUT3 transport dehydroascorbic acid. J Biol Chem, 1997. 

272(30): p. 18982-9. 

99. Nelson, E.W., et al., Demonstration of saturation kinetics in the 

intestinal absorption of vitamin C in man and the guinea pig. J Clin 

Pharmacol, 1978. 18(7): p. 325-35. 



79 

100. Graumlich, J.F., et al., Pharmacokinetic model of ascorbic acid in 

healthy male volunteers during depletion and repletion. Pharm Res, 

1997. 14(9): p. 1133-9. 

101. Levine, M., et al., Vitamin C pharmacokinetics in healthy 

volunteers: evidence for a recommended dietary allowance. Proc 

Natl Acad Sci U S A, 1996. 93(8): p. 3704-9. 

102. Molina', W.R., L.A. Moraes', A. Poli', E. Abib Jr.', R.A. Moreno', W. 

Leahey3, H. Moreno Jr', M.N. Muscara4 and G. de Nucci'*, 

BIOEQUIVALENCE STUDY OF THREE ASCORBIC ACID 

TABLET FORMULATIONS IN HEALTHY MALE VOLUNTEERS 

P.L.G. CLJN. RESEARCH & REG. AFFAIRS,, (1998). 15,((2)): p. 

115-130. 

103. Palestine, GUIDANCE ON PHARMACEUTICAL PRODUCTS 

REGISTRATION IN PALESTINE. 

 Bioavailability/Bioequivalence Testing in Humans (In-VIVO), 2007. p. 

38. 

104. Polli, J.E., In vitro studies are sometimes better than conventional 

human pharmacokinetic in vivo studies in assessing bioequivalence 

of immediate-release solid oral dosage forms. The AAPS Journal, 

2008. 10(2): p. 289-99. 

105. Kyllastinen, M.J., et al., Dietary vitamin c supplementation and 

common laboratory values in the elderly. Arch Gerontol Geriatr, 

1990. 10(3): p. 297-301. 



80 

106. Abrahmsohn, G.M., R.A. Halberstein, and S. Fregeolle, Vitamin C 

and dental healing: testing and placebo effect. Gen Dent, 1993. 

41(6): p. 523-7; quiz 529-30. 

107. Wapnick, A.A., et al., Effects of iron overload on ascorbic acid 

metabolism. Br Med J, 1968. 3(5620): p. 704-7. 

108. Anderson, D., et al., The effects of vitamin C supplementation on 

biomarkers of oxygen radical generated damage in human 

volunteers with "low" or "high" cholesterol levels. Environ Mol 

Mutagen, 1997. 30(2): p. 161-74. 



 

 الوطنية جامعة النجاح 
 كلية الدراسات العليا

 

 

ة حتويدراسة االعفاء الحيوي لألشكال الصيدالنية ذات التحرير الفوري الم
 على مادة حمض االسكوربيك

  

 

 عدادٳ

 هيلين نجدي المصري 

 

 شرافٳ

 د.رمزي شواهنة
 د.أمجد حسين

 
 تكنلوجيا الصيدليةتير في جة الماجسدر الحصول على قدمت هذه األطروحة استكماال لمتطلبات 

 سطين. لف -نابلس ،بكلية الدراسات العليا في جامعة النجاح الوطنية
2016 



 ب

دراسة االعفاء الحيوي لألشكال الصيدالنية ذات التحرير الفوري المحتوية 
 على مادة حمض االسكوربيك

 إعداد
 هيلين نجدي المصري 

 إشراف
 د.رمزي شواهنة
 د.أمجد حسين

 
 الملخص

صداراتها  أوجه إظهار  :خلفية التشابه من حيث السالمة والفعالية بين المنتجات الدوائية المبتكرة وا 
دراسات من خالل إجراء  و ذلك(. MAsالعامة هي خطوة حاسمة في منح تراخيص التسويق )

وبسبب الحاجة الى معايير واضحة على متطوعين أصحاء. (BEالتكافؤ الحيوي في الجسم الحي )
 تكافؤ و والتشابه بين المنتجات المتكافئةحيويا,برزت أهمية دراسات التكافؤ الحيوي)في اثبات ال

(BE و بديل دراسات التكافؤ الحيوي(Biowaiver).(ان دراسات التكافؤ الحيويBE ) دراسات مكلفة
نظام  ,من هنا ظهرإجراؤها على متطوعين أصحاء بسببمحفوفة بالمخاطر وهي ومستهلكة للوقت 

من قبل السلطات الذي تم تبنيه و  Amidonه( الذي عرضBCS)بيولوجي الصيدالني التصنيف ال
(، والوكالة األوروبية FDAوالدواء األمريكية ) الغذاءالمختلفة مثل منظمة والمنظمات الرقابية 
بشكل كبير من عمليات تطوير  والذيغير(WHO( ومنظمة الصحة العالمية )EMAلألدوية )
إجراءدراسات التكافؤ التنازل عن بتسمح الهيئات التنظيمية اآلن  بحيثموافقة عليها.األدوية وال
 األدوية  الصلبة ذات التحريرفي اختبار  التكافؤ الحيوي  بديل (واستخدام دراساتBEالحيوي) 
( بحيث يكون الدواء عالي الذوبان وعالي النفاذية وبالتالي IR)عن طريق الفم التي تعطىالفوري  
 .(BCS)نظام التصنيف البيولوجي الصيدالنيباعتباره   فئة درجة أولى حسب  يصنف



 ت

كيبات ( للتر biowaiverبديل التكافؤ الحيوي) مكانية منحإلمنهجي اللتقييماهذه األطروحة  هدفوكان
 والتي تعطى عن (IR)ذات التحرير الفوري  (APIكمادة فعالة )التي تحتوي على حمض االسكوربيك

 قييم خصائص االفراج عن اثنين من الصيغ التي تحتوي على حمض االسكوربيك.تو . طريق الفم
 مض االسكوربيك في درجات : أجريت دراسات الذوبان لتحديد الذوبان المائي من حاألساليب
وتعيين فئة الذوبان الصحيحة لحمض  ,مئوية 37درجةفي  (7.5-1 )من مختلفة:حموضة 

غذاء لمنظمة ال والمبادئ التوجيهية(,BCSيولوجي الصيدالني )نظام التصنيف الباالسكوربيك وفقا ل
لة قاب دوائية  أعلى جرعة الدواءعالي الذائبية عندما تكون ، ويعتبر (FDAو الدواء االمريكية)

 .(7.5- (1من درجات  حموضة مختلفةبوسط مائي فيمل أو أقل  250للذوبان في 
درجات  حموضة بةئيثالث أوساط  مادامباستخ(shake-flask)ةالتقليديطريقة التم تطبيق 

 :(7.5(1- منمختلفة
.7.5 (phosphate buffer) 4.5 (acetate buffer ), (maleate buffer)1.0 

. وقد تم تحليل مستويات الدواء في ساعة  48ساعة و 24التوازن بمقارنة الذوبان في  تمتحقيق
نانومتر.  260حمض االسكوربيك في للفحص الطيفي لالعينات باستخدام األشعة فوق البنفسجية 

ذات التحرير الفوري التي تعطى عن طريق  قراصصنفين تجاريينمناألعلى  الذائبية وأجريت تجارب
مل من الماء منزوع  900في  مل  500بتركيز  تحتوي على حمض االسكوربيك التي الفم

ة الوسط المائي ومعايرة درجة حموض 6.8و  4.5، 1.2بدرجات  حموضة مختلفة األيونات في
وفقا  ههيدروكسيد الصوديوم. تم اختبار الذوبان في و حمض الهيدروكلوريك N 0.1 باستخدام
دورة في الدقيقة والحفاظ على درجة  75على  )باستخدام المجداف(النوع الثاني (USP)لطريقة 
ت زمنية في فترا من المحلول مل 5درجة مئوية. تم سحب  0.5±  37 الوسط المائيعلىالحرارة 

عينات مخففة بشكل  أخذ تم ودقيقة. 60و  45، 30، 25، 20، 15، 10، 5محددة سلفا من 
الجزيئية  والمواصفاتنانومتر باستخدام مطياف األشعة فوق البنفسجية.  260مناسب وتحليلها في 

زيع تو معامل، (log Pمعامل  الفصلبين االوكتانول و الماء)(،PSAمثل المساحة السطحية القطبية )
الروابط عدد الروابط الهيدروجينة المستقبلة,و ، وعدد (log D7.4) 7.4درجة الحموضة 



 ث

عن قواعد البيانات  البحث فيالبرمجيات. تم  نظاماستخدام بpKaودرجة المانحة  الهيدروجينية
 .بحمض االسكوربيك ذات الصلة والتذويبوالنفاذية  الذوبان
لمنظمة  EMLلحد األقصى للجرعة المدرجة على قائمة : أظهرت القياسات الذوبان أن االنتائج

 حموضة محددة من درجةمل من الماء على  250الصحة العالمية كانت قابلة للذوبان في أقل من 
محسوبة في نطاق  dose numberكان °.  37 على درجة حرارةقبل الهيئات التنظيمية 

وتشير هذه النتائج إلى أن  .7،5-1،2في نطاق درجة الحموضة من  0.00029من  0.00011
ب  الفئة االولى كدواء عالي الذائبية حس سند إلى يحمض االسكوربيك يجب بشكل ال لبس فيه أن 

. استنادا إلى الخصائص الفيزيائية و BCS)الصيدالني)البيولوجي نظام التصنيف
الي دواء عال ينطبق عليه متطلباتالجسم الحي، حمض االسكوربيك في ةالمالحظيةالسلوك

ولذلك، فإننا نقترح أن حمض  (.BCSحسب  نظام التصنيف البيولوجي الصيدالني)نفاذيةال
أدوية الفئة األولى  حسبنظام التصنيف البيولوجي االسكوربيك يجب أن تسند إلى 

 (. BCSالصيدالني)
ة دالتركيبات التي تحتوي علىحمض االسكوربيك كمادة فعالة وحي منأظهرت المقارنات بين اثنين 

( ان تحرير حمض االسكوربيك كان  بشكل مختلف في IRذات التحرير الفوري عن طريق الفم )
 .(ƒ1( واالختالف )ƒ2لتشابه )عوامالوكذلك اختبار الذوبان.

  تباره حمض االسكوربيك هو  دواء عالي الذوبان وعالي النفاذية وبالتالي يصنف باع: االستنتاجات
تم تجاوزه ) ( bioinequivalenceدم التكافؤ الحيوي ع. خطر (BCSفئة درجة أولى حسب)

لهذه األسباب، تم إعتبار حمض االسكوربيك مرشحا .و طالما أن استخدام حمض االسكوربيك آمن
ومنح  بديل التكافؤ الحيوي  Bioequivalence)(جيدا للتنازل عن إجراء تكافؤ حيوي 

(biowaiverلألشكال الصيدالنية الصلبة ذات التحرير ا )ي لفوري التي تعطى عن طريق الفم الت
 .تحوي حمض األسكوربيك كمادة فعالة 

وجي التصنيف البيولنظام ؛التوافر البيولوجي؛ التكافؤ الحيوي ؛االستيعاب :الكلمات الرئيسية
 .الدوائيةنفاذية؛ الذوبانيةال؛حمض االسكوربيكالصيدالني

 




