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Background: Cysteamine bitartrate delayed-release (DR) capsule (Procysbi®) is approved for 

treatment of nephropathic cystinosis in the USA, Canada, and the EU. The capsules contain cysteam-

ine bitartrate beads that are enteric coated with acid-resistant Eudragit L 30 D-55, preventing drug 

release in the acidic stomach environment while allowing dissolution of the beads in the more 

alkaline environment of the small intestine. Patients who have difficulty swallowing capsules can 

open capsules, sprinkle beads onto 4 ounces of a suitable food or liquid, gently mix, and consume 

the entire content within 30 minutes. Foods found to be suitable for administration, and described 

in the Procysbi US labeling, include fruit juices (except grapefruit juice), applesauce, and berry 

jelly; there are minor variations in the foods and liquids recommended by regulatory authorities in 

other countries. This study aimed to assess the stability of enteric-coated beads exposed to addi-

tional foods at different conditions to expand the list of suitable foods for drug administration.

Methods: For each test condition, beads from eight opened 75 mg cysteamine bitartrate DR 

capsules were gently mixed with test food and maintained at a prespecified temperature and 

duration; remaining undissolved beads were then recovered from the food. The recovered beads 

were split into two portions: one assayed for remaining drug content and the other subjected to 

dissolution testing to assess the effect on the drug-release profile.

Results: The results show that bead integrity was maintained when mixed with foods at pH 

values ,5.5 at all time points when refrigerated (2°C–8°C) and at room (20°C–22°C) and 

lukewarm (37°C–41°C) temperatures. Bead integrity was not maintained when mixed with 

foods at pH values of $5.5 at room temperature.

Conclusion: The results from this in vitro dissolution study help in identifying additional 

foods that may be used for the administration of cysteamine bitartrate DR beads from opened 

capsules using the sprinkle method.

Keywords: nephropathic cystinosis, cysteamine, delayed-release, dissolution

Introduction
Depletion of cystine with delayed-release (DR) cysteamine bitartrate (Procysbi®; 

Horizon Pharma USA, Inc., Lake Forest, IL, USA, and Chiesi Farmaceutici S.p.A., 

Parma, Italy) is the mainstay of therapy for nephropathic cystinosis,1,2 a rare genetic 

disease characterized by accumulation of cystine in lysosomes,3 and is approved for 

the treatment of nephropathic cystinosis (the US indication is for the treatment of 

patients aged 1 year and older). Nephropathic cystinosis is associated with kidney 

failure and progressive multiorgan damage, unless treatment is initiated early and 

maintained for life.4 However, poor treatment compliance has been observed and is 

expected to negatively affect patient outcomes.5 Unlike immediate-release cysteamine 
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bitartrate, which requires 6-hourly dosing around the clock, 

the DR formulation allows for dosing every 12 hours6 and 

is expected to greatly improve compliance.

The DR formulation is administered in the form of 

encapsulated cysteamine bitartrate beads. These beads are 

enteric coated with Eudragit L 30 D-55, an acid-resistant 

polymer that allows the bead to bypass dissolution in the 

acidic environment of the stomach while allowing dissolu-

tion in the more alkaline environment of the small intestine 

(pH .5.5).7 This results in a predictable and reproducible 

pharmacokinetic profile that allows for more convenient 

dosing every 12 hours.1,6 This coating has been used on 

a number of other medications, including esomeprazole 

magnesium trihydrate, tamsulosin hydrochloride, ranitidine 

hydrochloride, and diclofenac sodium.7

Oral ingestion of intact capsules is the recommended 

mode of administration for DR cysteamine bitartrate. Patients 

with swallowing difficulties (a common pathological char-

acteristic of cystinosis) may successfully receive adequate 

amounts of the drug when capsule contents (beads) are 

sprinkled onto 4 ounces of suitable foods or delivered via a 

gastronomy tube; this is the recommended amount of food 

or liquid stated in the US prescribing information.1,8 Foods 

previously found to be suitable for administration and 

described in the US Procysbi® labeling include fruit juices 

(except grapefruit juice), applesauce, and berry jelly. There 

is some variation in the foods and liquids recommended 

by regulatory authorities in other countries; for example, 

in the EU, ~100 grams of apple compote or berry jelly is 

recommended. Patients are advised to swallow the bead/

food mixture within 30 minutes of preparation; however, 

additional information is frequently requested by patients 

and prescribers about the suitability of other foods and the 

effects of food temperature and exposure time on the integrity 

of the enteric coating.

The purpose of this in vitro study was to assess the stabil-

ity of enteric-coated beads exposed to a variety of foods and 

liquids of varying acidity/pH and temperatures to expand 

the list of potential foods and liquids deemed suitable for 

the administration of the drug product. The bioequivalence 

between administration of intact cysteamine bitartrate DR 

capsules and beads from opened capsules mixed with food 

has been demonstrated.9 This study did not evaluate the 

effects of various foods and liquids on halitosis, which is a 

known transient side effect of cysteamine via its metabolite 

dimethyl sulfide. A halitosis sub-study of a Phase III clinical 

trial with DR cysteamine bitartrate associated that formula-

tion with a 26% reduction in exhaled dimethyl sulfide in 

comparison with immediate-release cysteamine bitartrate.7 

Neither this study nor the halitosis sub-study assessed hali-

tosis as a factor in therapy compliance.

Methods
Overview of experimental approach
A variety of foods and liquids were chosen for evaluation 

(six liquids, eight solids; Table 1) based on patient feed-

back, with pH values ranging from 3.17 to 6.70; pH values 

were ,5.5 for 13 foods and liquids and .5.5 for three of the 

foods and liquids tested. Prior to mixing with the beads, the 

foods and liquids were exposed to various temperatures: cold 

(2°C–8°C), lukewarm (37°C–41°C), and room temperature 

(20°C–22°C). Detailed procedures for preparing the foods, 

mixing with beads, and bead recovery are described in the 

Supplementary materials.

Separate methods were used to evaluate the integrity of 

the bead coating (dissolution testing) and the strength of the 

recovered active ingredient (cysteamine bitartrate assay). 

For both the dissolution and assay methods, the following 

three samples were analyzed: 1) treated sample, consisting 

of DR beads mixed with food or liquid, followed by washing 

and subsequent recovery; 2) control sample, consisting of 

DR beads not exposed to food or liquid but prepared in the 

same manner as the treated sample; and 3) untreated sample 

to serve as the control, consisting of DR beads not prepared 

per the procedures for treated or control samples and not 

exposed to food or liquid. All beads were derived from the 

same source supply of capsules.

For each food or liquid tested, findings from the control 

samples were compared with those of the untreated and 

treated samples. If the control samples met the specified 

acceptance criteria listed for each test when compared with 

untreated samples, it implied that the procedure for prepar-

ing the beads for administration did not affect the integrity 

or strength of the beads. If a treated sample did not meet 

acceptance criteria when compared with results from a 

control sample, it implied that the exposure to the test food 

or liquid affected the integrity and drug-release properties 

of the cysteamine bitartrate DR beads, and those foods 

and liquids were considered incompatible for drug product 

administration.

Dissolution testing
The US Food and Drug Administration-recommended dis-

solution method for cysteamine bitartrate DR capsules is a 

two-stage process; the first is an acid stage representative of 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2018:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2797

Food dissolution properties of cysteamine bitartrate DR capsules

Table 1 Foods and liquids tested: supplier, pH, and temperature are listed

Food or liquid Supplier
(lot number)

Measured pH Measured temperature (°C)

Strawberry jelly Smucker’s
(5167001422029)

3.2 20.4

Applesauce Mott’s
(080515WR)

3.5 20.1

Apple juice Mott’s
(1480031952)

3.6 19.3

Pickle juice Mt. Olive
(4606/1FE2295B)

3.8 21.4

Pureed mangoes Gerber
(G13 52555335XX)

4.0 21.8

Orange juice Minute Maid
(4789M)

4.0 18.8

Strawberry yogurt Yoplait
(47-190)

4.2 20.0

Pureed bananas Gerber
(527351591B)

4.3 20.9

Plain yogurt Yoplait
(42-600)

4.3 20.5

Pureed sweet 
potatoes

Gerber
(52625157K1)

5.2 21.7

Bottled water Dasani
(41328WV2PB)

5.3 19.3

Unflavored oral 
rehydration solution

Pedialyte
(54740RN0 1734 173)

5.5 19.4

Mashed potatoes Bob Evans
(KCL10123)

5.9 20.1

Baby formula Enfamil
(EV5HUH)

6.7 19.3

Food preparation
Smoothie A

1
3  cup strawberries

½ cup bananas
1
3  cup plain yogurt

Prepared at Alcami
(Great Value, EM40815-2; Walmart, 
N/A; Dannon, PLT 39-135 M6)

4.2

3.0

Smoothie B
1
3  cup strawberries

½ cup bananas
1
3  cup plain yogurt

22.3

Smoothie C
1
3  cup strawberries

½ cup bananas
1
3  cup Greek yogurt

Prepared at Alcami
(Great Value, EM40815-2; Walmart, 
N/A; Dannon, 49-64 WH)

4.1

5.4

Smoothie D
1
3  cup strawberries

½ cup bananas
1
3  cup Greek yogurt

24.5

Warm pureed sweet 
potatoes

Gerber
(605651591B)

5.1 Each sample measured 
separately before beads 
were added:
30 minutes (1): 38.8°C
30 minutes (2): 36.7°C
1 hour (1): 37.0°C
1 hour (2): 38.2°C
2 hour (1): 39.8°C
2 hour (2): 39.6°C

Note: All suppliers were based in the USA.
Abbreviation: N/A, not applicable.
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conditions in the stomach, and the second is a buffer stage 

representative of intestinal fluid.10 The USA/Canada and the 

EU have different acceptance criteria based on the countries’ 

regulations (buffer stage is analyzed at 20 minutes for USA/

Canada and 30 minutes for the EU). Dissolution testing of 

the cysteamine bitartrate beads was performed first under 

acidic conditions (pH ~1–3; acid stage, 0.1  N HCl), and 

then under near-neutral pH conditions (pH 6.8; buffer stage, 

0.05  M sodium phosphate). This study used an internal 

protocol-defined method to adjust pH using a 10 N sodium 

hydroxide solution.

Beads from eight opened 75 mg DR cysteamine bitar-

trate capsules (considered a typical patient’s dose, supplied 

by Horizon Pharma USA, Inc., lot number 3118115) were 

exposed and recovered from the food or liquid at each time 

point tested, as described in the Supplementary materials. 

After exposure, washing, and recovery, the composite of 

wet beads was weighed in a drying dish to determine the 

average capsule fill weight of the wet beads. The amount 

corresponding to the calculated fill weight of one capsule was 

transferred to an Apparatus 1 dissolution basket2,11 and ana-

lyzed. The total content of the six capsules was analyzed.

The following acceptance criteria were used: for the 

acid stage, the food exposed and control beads met the drug 

product release specification limit of 10% or lower dissolved; 

for the buffer stage, the percentage relative deviation (%RD) 

(calculated as below) between the treated sample (A) and 

control sample (B) at the 20- and 30-minute pull points was 

6% or lower.

	

%RD =
−

( )
A B

A B+
× 100

Assay testing
For each food or liquid and time point tested, beads equiva-

lent to eight 75 mg capsules were prepared, exposed, and 

recovered. For the treated samples, the beads were allowed 

to dry for 90 minutes in a drying dish in an oven at 60°C 

with a 100 mmHg vacuum. After determination of the final 

weight of the dried composite, the dried beads were ground 

to a fine powder in a ball mill. Ground beads, equivalent to 

one 75 mg capsule fill weight, were prepared in duplicate, 

diluted, and analyzed by high-performance liquid chroma-

tography. Control and untreated samples were prepared in 

the same manner as the treated samples (cysteamine bitar-

trate reference standard, lot numbers CBT-1213-09 and 

CBT-0314-10). To meet acceptance criteria, the average 

assay result (from two preparations) for beads exposed to 

liquid or food must have been 90%–110% of the average 

assay result obtained from the untreated/control beads. These 

methods were previously validated for the release of the drug 

product on the market.

Results
Dissolution study
Control samples and untreated samples
Two preparations of untreated and control samples were used 

for comparison to all solids and liquids tested. Untreated 

sample 1 and control sample 1 were tested for comparison 

against all foods except smoothies and warm sweet potato; 

untreated sample 2 and control sample 2 were tested for 

comparison with smoothies and warm sweet potato. All of 

the control samples and untreated samples met the acceptance 

criteria of the release of the drug product for dissolution at 

both the acid and buffer stages. In the acid stage, the percent-

age dissolved was 1% or lower for all samples, whereas the 

mean percentage relative SD in the buffer stage was ,6% 

for all samples (Table 2).

Food-exposed samples vs control samples
Results are reported for the acid stage and the buffer stage 

of the dissolution process. The difference in dissolu-

tion between food-exposed samples and control samples 

was ,6% for most food items at all time points tested at 

the buffer stage, meeting the acceptance criteria for suit-

ability. Exceptions were baby formula (%RD: 94% and 

48%–49% at 1 and 2 hours of food exposure, respectively), 

unflavored oral rehydration solution (%RD: 19%, 39%–40%, 

and 29%–31% at 30 minutes, 1 hour, and 2 hours, respec-

tively), and bottled water (%RD: 11% at 2 hours of food 

exposure for the 20-minute buffer stage; Table 3). For all 

of these samples, the percentage dissolved was ,80% of 

the label claim, indicating the enteric coating of the beads 

had disintegrated before exposure to the buffer-stage dis-

solution medium. Figure 1 shows the dissolution profiles of 

cysteamine bitartrate exposed to controls and food for 30, 60, 

and 120 minutes. Figure 2 shows the dissolution pattern in 

the acid stage. Samples exposed to unflavored oral rehydra-

tion solution and bottled water (exposed for 1 and 2 hours) 

had .10% dissolution in the acid stage, suggesting that the 

enteric coating of the beads likely dissolved before the acid 

dissolution phase began.

Beads exposed to mashed potatoes could not be analyzed 

using acid- or buffer-stage dissolution because of challenges 

in separating the beads from the food after exposure. The 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2018:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2799

Food dissolution properties of cysteamine bitartrate DR capsules

mashed potatoes compromised the coating on the beads, 

rendering them soft and enlarged upon visual inspection. 

No results could be reported, and thus mashed potatoes were 

deemed incompatible for administration of the enteric-coated 

beads.

Assay study
Control samples and untreated samples
Similar to the dissolution study, two preparations of untreated 

and control samples were used, first (sample 1, control 1) in 

comparison with samples treated with all foods except for 

smoothies and warm sweet potato, and second (sample 2, 

control 2) in comparison with samples treated with smoothies 

and warm sweet potato.

Food-exposed samples vs control samples
Average assay results were within 90%–110% of the con-

trol average assay result for most food-exposed samples 

analyzed at all time points tested. Exceptions were baby 

formula, for which the average assay results fell to 87% 

and 43% of the treated control at 1 and 2 hours, respec-

tively, and unflavored oral rehydration solution, for which 

the average assay results fell to 86%, 45%, and 55% of the 

treated control at 30 minutes, 1 hour, and 2 hours, respec-

tively (Table 4).

Discussion
The cysteamine bitartrate beads are formulated with an 

enteric coating to bypass dissolution in the acidic environ-

ment of the stomach while allowing dissolution in the more 

alkaline environment of the small intestine (pH .5.5), 

Table 2 Dissolution results for untreated samples and control samples

Total % dissolved

Acid stage Buffer stage, 
20 minutes

Buffer stage, 
30 minutes

Untreated sample 1
Mean 0 96 97
%RSD – 3.8 4.0
Untreated sample 2
Mean 1 101 103
%RSD – 4.3 4.4
Control sample 1
Mean 1 99 101
%RSD – 2.9 3.0
Control sample 2
Mean 0 103 104
%RSD – 2.8 2.8

Note: Mean was calculated from six vessels per sample.
Abbreviation: %RSD, percentage relative SD.

thereby imparting the DR attribute to the drug product. 

Premature dissolution of the cysteamine bitartrate DR 

beads can affect drug bioavailability. Therefore, selec-

tion of compatible foods is an important consideration for 

patients, particularly those with swallowing difficulties, 

who prefer to administer cysteamine bitartrate DR beads 

mixed with food instead of ingesting whole capsules. Previ-

ously, only a few foods and liquids (applesauce, berry jelly, 

fruit juices except grapefruit) had been evaluated as part of 

the clinical studies to ensure optimal drug bioavailability; 

these are listed in the approved US drug product labeling.1 

To help potentially expand food and liquid options for the 

administration of this drug, we investigated bead stability 

and integrity from a list of preferred foods and liquids sug-

gested by patients.

The recommended dissolution method for cysteamine 

bitartrate DR beads is a two-stage process, first in acid and 

then in near-neutral buffer (pH 6.8), to mimic conditions 

in the stomach and intestine, respectively. Findings from 

our in vitro analyses confirmed the suitability of several 

foods and liquids in maintaining the drug-release properties 

of cysteamine bitartrate DR beads, including fruit juices, 

yogurts, pureed fruits, and yogurt-based smoothies. Exposure 

to these foods and liquids for up to 2 hours did not nega-

tively affect the enteric coating of the beads. The strength 

of the recovered active ingredient, in terms of the percent-

age of cysteamine bitartrate compared with the label claim, 

decreased with longer food exposure times. The regulatory 

authority-approved use of cysteamine bitartrate DR beads 

suggests that food (applesauce, berry jelly, or fruit juice) 

should be consumed within a maximum of 30 minutes (US 
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prescribing information)1 or 2 hours (EU summary of product 

characteristics) of mixing with the drug.2 The results of this 

study corroborated the caution against the use of longer food 

exposure times.

Foods determined to be incompatible for drug product 

administration were baby formula, unflavored oral rehydra-

tion solution, and bottled water (at exposure times .1 hour), 

all of which caused the enteric coating of the beads to 

dissolve prior to exposure to the buffer-stage solution. Of 

note, the treated samples that did not meet the acceptance 

criteria (or could not be tested, such as the mashed pota-

toes) were mixed with foods with a pH .5.5, except for 

bottled water at pH 5.3 (failed only at 1-hour acid stage). 

This finding is consistent with the known pH-dependent 

dissolution properties of the enteric coating (Eudragit L 

30 D-55); at a higher pH, the enteric coating is expected 

to disintegrate. These findings suggest that the beads are 

likely to prematurely release active drug upon exposure 

to these liquids prior to reaching the site of absorption in 

the small intestine, thus disrupting the DR properties of 

the drug product. Temperature did not impact suitability 

of cysteamine bitartrate beads in foods and liquids tested 

at cold, lukewarm, or room temperatures. Exposure of the 

Table 3 %RD in buffer-stage dissolution between each food- or 
liquid-exposed cysteamine bitartrate sample and control sample 
at each time point tested

Food or liquid %RD from control

20 minutesa 30 minutesa

Strawberry jelly
30 minutes 1 0
1 hour 1 0
2 hours 1 2

Applesauce
30 minutes 1 1
1 hour 1 0
2 hours 1 0

Apple juice
30 minutes 0 0
1 hour 0 1
2 hours 1 1

Pickle juice
30 minutes 2 1
1 hour 3 2
2 hours 2 1

Pureed mangoes
30 minutes 2 2
1 hour 2 2
2 hours 1 2

Orange juice
30 minutes 1 0
1 hour 0 0
2 hours 1 0

Strawberry yogurt
30 minutes 1 2
1 hour 1 0
2 hours 1 1

Pureed bananas
30 minutes 3 2
1 hour 3 3
2 hours 0 2

Plain yogurt
30 minutes 1 0
1 hour 1 0
2 hours 1 1

Pureed sweet potatoes
30 minutes 1 1
1 hour 3 3
2 hours 1 2

Smoothie A
30 minutes 0 0
1 hour 1 1
2 hours 1 1

Smoothie B
30 minutes 1 2
1 hour 0 0
2 hours 0 0

Smoothie C
30 minutes 0 1
1 hour 1 1
2 hours 0 0

(Continued)

Table 3 (Continued)

Food or liquid %RD from control

20 minutesa 30 minutesa

Smoothie D
30 minutes 1 1
1 hour 1 0
2 hours 1 1

Warm sweet potatoes
30 minutes 1 0
1 hour 0 0
2 hours 3 3

Bottled water
30 minutes 2 2
1 hour 3 3
2 hours 11b 4

Unflavored oral rehydration solution
30 minutes 19b 19b

1 hour 39b 40b

2 hours 29b 31b

Baby formula
30 minutes 1 2
1 hour 94b 94b

2 hours 48b 49b

Notes: For each sample, dissolution was performed six times and the mean 
percentage dissolved, percentage relative SD, and percentage relative deviation 
(%RD) from control were calculated. aRepresentative of drug dissolution in the 
intestine at 20 and 30 minutes. bResult does not meet assay acceptance criteria 
(#6% difference between food-exposed sample and control sample).
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Figure 1 Dissolution profiles of cysteamine bitartrate DR beads exposed to controls and food or liquids for 30, 60, and 120 minutes, showing the percentage dissolved over time.
Abbreviation: DR, delayed-release.
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Figure 2 Dissolution pattern of cysteamine bitartrate DR beads exposed to foods and liquids of various pH in the acid stage (representative of the drug dissolution in 
stomach). The mean percentage released is compared with the specification release limit of #10%. For each sample, dissolution was performed six times and the mean 
percentage dissolved plotted against pH.
Abbreviation: DR, delayed-release.
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Table 4 Average assay results for each food or liquid at each 
time point tested, reported as a percentage of the control sample 
average assay result

Food or liquid tested % of control 
sample

Control 1: mean 94% label claim (SD: 0.1) –
Strawberry jelly

30 minutes 106
1 hour 101
2 hours 100

Applesauce
30 minutes 105
1 hour 105
2 hours 106

Apple juice
30 minutes 104
1 hour 102
2 hours 101

Pickle juice
30 minutes 105
1 hour 106
2 hours 103

Pureed mangoes
30 minutes 103
1 hour 109
2 hours 106

Orange juice
30 minutes 107
1 hour 105
2 hours 103

Strawberry yogurt
30 minutes 101
1 hour 108
2 hours 104

Pureed bananas
30 minutes 104
1 hour 108
2 hours 105

Plain yogurt
30 minutes 104
1 hour 104
2 hours 104

Pureed sweet potatoes
30 minutes 105
1 hour 105
2 hours 107

Bottled water
30 minutes 103
1 hour 102
2 hours 99

Unflavored oral rehydration solution
30 minutes 86a

1 hour 45a

2 hours 55a

Baby formula
30 minutes 103
1 hour 87a

2 hours 43a

(Continued)

Table 4 (Continued)

Food or liquid tested % of control 
sample

Control 2: mean 98% label claim (SD: 0.3) –
Smoothie A

30 minutes 95
1 hour 100
2 hours 99

Smoothie B
30 minutes 103
1 hour 101
2 hours 102

Smoothie C
30 minutes 104
1 hour 101
2 hours 102

Smoothie D
30 minutes 101
1 hour 101
2 hours 100

Warm sweet potatoes
30 minutes 103
1 hour 101
2 hours 104

Notes: Control samples 1 and 2 were tested twice and mean and SD for percentage 
label claim were reported. All other samples were tested twice, and the mean 
percentage label claim used to calculate percentage of treated control was reported. 
aResult does not meet assay acceptance criteria (90%–110% of the average assay 
result from control beads).

beads to mashed potatoes caused the beads to become soft 

and enlarged, preventing the completion of dissolution tests. 

Therefore, this food was also determined to be incompatible 

with the sprinkle method of administration.

These findings indicate that certain additional foods 

identified in this study may be suitable for administration 

of enteric-coated cysteamine bitartrate DR beads via the 

sprinkle method from opened capsules or through a gas-

trostomy tube. Furthermore, the results suggest that beads 

may be mixed with compatible foods up to 2 hours prior to 

ingestion with minimal impact on the enteric coating, thus 

expanding options for administration.

Conclusion
The results from this in vitro study confirm the pH-dependent 

compatibility of cysteamine bitartrate DR beads with foods. 

Experimentally tested foods with pH values below 5.5 (ie, 

plain or Greek yogurt, strawberry yogurt, pureed bananas, 

pureed mangoes, and pickle juice, as well as smoothies of 

yogurt, strawberries, and bananas) preserved bead integ-

rity during mixing and exposure periods up to 2 hours. 

The dissolution and assay results of this study align with 

the compatible foods and liquids listed on the US and 
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EU prescribing information for Procysbi (berry jelly, apple-

sauce, and fruit juice). This study also showed that beads may 

be added to refrigerated or lukewarm foods and liquids, and 

may be kept up to 2 hours after mixing, if needed, prior to 

administration. A warning from this study is that some foods 

might cause the enteric-coated beads to soften and and/or 

cause premature dissolution of the beads, particularly foods 

with pH values (eg, mashed potatoes, baby formula, and 

unflavored oral rehydration solution). Our findings may offer 

expanded food and liquid options for patients with nephro-

pathic cystinosis, thus helping to reduce the heavy burden 

associated with this disease and increasing the potential 

options for administration.
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Supplementary materials
Food preparation
Smoothie
One-third cup of plain or Greek yogurt, one-third cup of 

strawberries, and half of a medium-sized firm banana were 

processed in a blender for 30–45 seconds or until smooth. 

Orange or apple juice could be added, if needed, to achieve 

desired consistency (volumes recorded).

Sweet potatoes
Sweet potatoes were placed in a microwave-safe bowl or 

dish and heated in the microwave in 15-second increments 

at 50% power until the temperature reached 36.5°C–41

.5°C. The sweet potatoes were heated in the microwave for 

15 seconds at 50% power and stirred to ensure homogeneous 

heat distribution. The temperature was measured prior to 

adding cysteamine bitartrate DR beads.

Bead/food mixing 
Approximately 113 g (equivalent to 4 ounces) of food or 

liquid was placed into three separate 1 L media bottles. The 

weights of eight intact cysteamine bitartrate DR capsules 

were recorded, the capsules were opened, and the beads were 

added to the food. The weights of the empty capsule shells 

were recorded to determine the average capsule fill weight. 

This step was repeated for each of the three bottles. The beads 

were carefully mixed with the food or liquid and incubated 

for three different lengths of time: 30 minutes, 1 hour, or 2 

hours. The smoothie was kept cold (2°C–8°C) or at room 

temperature (20°C–22°C). The sweet potato was heated to 

prespecified temperatures at 0 minutes, 30 minutes, 1 hour, 

and 2 hours before the beads were added.

Bead recovery
Once the specified food exposure time was met, 750 mL of 

diluent (0.1 N HCl) was added to each container and mixed 

well. A stir bar was added and solutions were allowed to 

stir at 75 rpm for 1 hour at 37°C ± 0.5°C. The stir bar was 

then removed, and liquids and any floating solids were then 

decanted (importantly, the decanted liquids/solids were 

rinsed with the diluent as many times as necessary to ensure 

that none of the beads were trapped). Next, ~50 mL of diluent 

was added to the media bottle to rinse and transfer the beads 

to a beaker, thus making decanting easier. At least 300 mL of 

diluent was added to the beaker containing the beads in ali-

quots of 50 mL, swirling and decanting after each aliquot. 

Beads were rinsed with a vacuum filter using a wire screen 

but no filter membrane. With the vacuum on, diluent was 

added to the beaker containing the beads, and contents of the 

beaker were swirled (including the beads) and poured onto the 

screen. The beads were carefully rinsed on the filter screen 

with at least 50 mL of the diluent until clean. After rinsing, 

the beads were transferred to a drying dish. For the dissolution 

analysis, the weight of the wet bead composite was determined 

to avoid the development of variation in acid resistance during 

the drying process; control experiments were conducted to 

determine the wet weight of beads equivalent to one capsule. 

The equivalence of one capsule fill weight was transferred 

to an Apparatus 1 dissolution basket and analyzed as per the 

current United States Pharmacopeia method at 75 rpm (50 mL 

of 0.2 M monobasic potassium phosphate into a 200 mL flask 

and then add 22.4 mL of 0.2 M sodium hydroxide and dilute 

to volume with water). Dissolution sample from acid-stage 

dissolution was analyzed at 2 hours. Dissolution sample from 

buffer-stage dissolution was analyzed at 20 minutes (US and 

Canada specifications) and 30 minutes (EU specifications). 

For the assay analysis, the beads were dried for at least 90 

minutes at 60°C, before being allowed to cool to room tem-

perature, and weighed with the lid. The beads were transferred 

to a ball mill cup and ground into a powder. The powder was 

diluted and analyzed by high-performance liquid chromatog-

raphy using a Xbridge C
18

 column with 210 nm UV detection. 

A comparison of treated samples to the treated control and 

untreated control was made to ensure that the rinsing process 

did not affect bead stability.
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