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2. Definition and acronyms

Acronyms Definitions

ICP-OES Inductively coupled plasma optical emission spectroscopy

SEM Scanning Electron Microscopy

EDX Energy Dispersive X-ray Spectroscope

TSB Tryptone soya broth (for bacteria count)

TSA Tryptone soya agar plates (for bacteria count)

SDA Sabouraud dextrose agar plates (for yeast/fungi/)

MAC plates MacConkey agar plate (for E.coli)

MSA plates Mannitol salt agar (for Staph. aureus)

CET plates Cetrimide agar (for Pseud. aeruginosa)

XLD Xylose, Lysine, Deoxycholate plates (for Salmonellae)

SIF Simulated intestinal fluid

TBA Total bile acid

DMSO Dimethyl sulfoxide

EtOH Ethanol

MtOH Methanol
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3. Introduction

Historically MAST Carbon International (MCI) has produced a patented engineered synthetic,

nanoporous activated carbon bead product and has developed these beads for use in medical

device applications. The beads are highly adsorbent with biomodal porosity in the microporous

(<2nm) and meso-macroporous (>30 nm) range. They have a specific surface area of up to

1500 m2/g and very low bulk density (ca. 0.2 g/mL). However, the scale of production was

relatively low, not to GMP standard and no consistency measures were in place to assess batch

to batch variation of the type appropriate for supply to clinical trial.

The aim of D2.4 was to characterise the distinctive adsorptive capacity of the beads using

biomolecules in a small to high molecular weight size range, to establish appropriate quality

control measures and confirm batch consistency in order to move towards a scaled up carbon

bead production process for release to toxicology testing and clinical trials.

Specific objectives were to:

 Develop test methods to define the physical properties, unique adsorptive profile and

inter batch consistency

 Produce SOPs on validated methods

 Establish release criteria to ensure consistency of product moving forward

This report summarises physical characterisation (porosity, surface area, porous morphology),

biomolecule adsorption (albumin, myoglobin and caffeine, endotoxin, drug interactions, bile

salts) and bioburden testing work carried out on MCI activated carbon samples by UoB.

4. Activities carried out and results

4.1 Activities carried out

A range of samples from MCI batches were analysed by porosimetry to derive consistent values

for specific surface area, micropore volume, macropore volume, mesopore volume, mean

macropore size, particle size and bulk density. Macroporous bead structure and surface

elemental components were determined by scanning electron microscopy with EDAX elemental

analysis. Spectrophotometric determination of adsorption of myogoblin, albumin and caffeine

was carried using spiked simulated intestinal fluid samples. Metal content was determined by
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ICP-OES. Total viable aerobic count, total combined mold and yeast count, E.coli, Salmonella

spp., S. aureus, P. aeruginosa contamination was detected by standard microbial techniques.

Drug adsorption was determined by spectroscopy. Bile acid adsorption and endotoxin

adsorption was determined by ELISA and chromogenic LAL assay respectively.

Materials

Size marker biomolecule adsorption study

Activated carbon samples: 215 Oct 02, 215 Sep 08, 215 Sept 53 and 215 Nov 03 (Yaq001)

(MAST Carbon International Ltd, UK), AST120 carbon (Kremezin®, Kureha Corporation,

Tokyo, Japan), bovine serum albumin (Sigma-Aldrich, catalogue Number A6003), myoglobin

from equine skeletal muscle (Sigma-Aldrich, M0630), caffeine (Sigma-Aldrich C0750),

bicinchoninic acid solution (Sigma-Aldrich, catalogue number B9643), copper (II) sulfate

pentahydrate 4% solution (Sigma-Aldrich, catalogue number C2284), phosphate buffer solution,

pH= 7.4

Drug adsorption assays

TE7 Carbon Yaq 001 (215 Nov 03) and control carbon beads (206 Oct 03) were received from

MAST Carbon International Ltd. UK. AST120 carbon (Kremezin®, Kureha Corporation, Tokyo,

Japan), Propranolol (40 mg), Spironolactone (100 mg), Furosemide (40 mg), Amoxicillin (500

mg), Ciprofloxacin (500 mg), Rifaximin (550 mg), Tenofovir DF (245 mg), Lamivudine (100 mg),

Metformin (500 mg), and Simvastatin (10 mg) drug tablets were received from UCL, UK. All

reference standard drug compounds were purchased from Sigma-Aldrich. HPLC grade

methanol and ethanol were purchased from Fisher Scientific, UK. DMSO (D5879) and

Potassium phosphate monobasic (P5379) were purchased from Sigma-Aldrich. Simulated

Intestinal Fluid (SIF) buffer solution was prepared by dissolving 6.8 g of monobasic potassium

phosphate in 1000 mL DI water and pH= 6.8 was adjusted using 0.2 N sodium hydroxide

solution.

Endotoxin assay

Endochrome-K™ vial pack (R1710K), 10 X 3.2 ml vials, LAL reagent Water, 12x 30ml bottles

(W130)

Control standard Endotoxin (CSE) E. coli [500 ng per vial] (E110) were obtained from Charles

River laboratories, SIF ingredients [Potassium dihydrogen phosphate – SIGMA P5655, Sodium



D2.4 Consistent physical and adsorptive properties confirmed between batches

CO Page 8 Version 1.1

“This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 634579”

hydroxide – SIGMA 1M solution 35256] were purchased from Sigma-Aldrich, Test tubes,

pyrogen free USP type 1 Flint glass (30 test tubes) (Lonza N207), 96 well cell culture flat

bottom with lid nonpyrogenic, sterile polystyrene plates (Corning incorporated) 1000 µL (Cat

no: 3581) and 200 µL (Cat no: 2069) pre-sterilized tips (Molecular BioProducts).

Bile acid adsorption

Cholic acid (CA), Chenodeoxycholic acid (CDCA), Deoxycholic acid (DCA), Lithocholic acid

(LCA), Sodium glycocholate hydrate, Sodium glycochenodeoxycholate were obtained from

Sigma Aldrich, Total Bile Acid TBA assay kit (Cat no: 903115) was obtained from Alpha

Laboratories Ltd. UK.

Equipment

1. Vacuum oven (Fistreem Digital Vacuum Oven, UK)

2. Mercury porosimeter (Quantachrome Instruments, USA)

3. UV spectrophotometer (Jenway 6705 UV/ Vis spectrophotometer, Bibby Scientific Ltd,

UK)

4. Biotek microplate reader (Gen5 2.0 software), USA

5. ALC PK121 centrifuge (ALC International, Italy)

6. Orbital incubator shaker S150 (Stuart Equipment, UK)

7. Sputter coater [Quorum (Q150TES), Quorum Technologies Ltd, UK]

8. Field emission Scanning electron microscope (FESEM) (Carl Zeiss Microscopy,

Germany)

9. Energy dispersive X-ray (EDX) analyser ((Oxford Instrument Analytical Ltd, UK)

10.Sputter coater [Quorum (Q150TES), Quorum Technologies Ltd, UK]

11.Field emission Scanning electron microscope (FESEM) (Carl Zeiss Microscopy,

Germany)

12.Energy dispersive X-ray (EDX) analyser ((Oxford Instrument Analytical Ltd, UK)

Methods

Mercury porosimetry

Mercury porosimetry analysis was performed using a mercury porosimeter PoreMaster

(Quantachome Instruments, USA). Prior to the analysis, all materials were dried in a vacuum
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oven at 110 ºC under 800 bar vacuum for 3 hours. The meso- (2-50nm) and macro- (diameter

≥50 nm) pore size distributions of the AC beads were determined by mechanical intrusion of 

mercury. Data was analysed using PoreWin 6.0 software (Quantachrome Instruments, USA).

SEM and EDX analysis

Granular carbon samples were mounted on aluminium stubs using carbon adhesive tape and

coated with a 2 nm thick layer of platinum using a Quorum (Q150TES) coater. The surface as

well as internal morphology was examined using a Zeiss Sigma field emission gun SEM at an

accelerating voltage of 5 kV at 300, 500, 10k, 15k, 30k and 50k magnifications. To measure the

content of C and O, the surface of the carbon bead was subjected to elemental analysis under

high-vacuum at 1500X magnification and 5kV using an 80mm² X-Max energy dispersive X-ray

analyser (EDX), which was attached to the scanning electron microscope.

Heavy and trace metal detection by ICP-OES

Carbon samples (0.3g) were transferred into a universal vial in triplicate for each sample type.

1M HNO3 (10mL) was added to each vial and metals were extracted by shaking it on orbital

shaker for 3 hours at 120 rpm. After filtration through Whatman® filter paper, the supernatant

was analysed for Cr, Cu, Fe, Pb, V, and Ni by ICP-OES. Standard concentrations were

prepared for Cu, Mo, Cr, V, Ni, Fe, and Pb using a concentration range of 0 to 100 ppm and

analysed by ICP-OES prior to sample analysis.

Detection of specified microorganism bioburden

Total viable count (TVC):

1g of carbon was vortex mixed with 10 mL of TSB in a sterile universal vial. 100 µL of neat (x3)

and diluted (1 in 10 in PBS) (x3) TSB from the supernatant was spread onto TSA plates in

triplicate. Samples were incubated at 37°Cfor 18-24 hours.

Detection of fungi/yeast

100 µL of neat supernatant from the mixture was spread onto SDA plates in triplicate. Samples

were incubated at 30°C for 72 hours.
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Detection of specified micro-organisms.

Carbon samples were incubated with TSB at 37°C with shaking for 18-24 hours. 10µl of

supernatant was then spread onto MAC, MSA, CET, and XLD plates in triplicate and plates

were incubated at 37°C for 18-24 hours.

Bacterial growth in the presence of activated carbon

5 ml of overnight culture prepared by standard technique was transferred to a 15 ml falcon tube

and centrifuged at 4000 G for 10 minutes at 21 °C. The bacterial pellet was re-suspended in 5

ml of phosphate buffered saline (PBS). 0.1 mL (∼109 CFU/ml) was added to 100 ml of TSB to

achieve a final concentration of ∼106 CFU/ml. The bacterial culture was incubated for 6 hours

at 37 °C whilst shaking at 150 rpm. 1 ml aliquots were withdrawn from the culture medium and

the optical density at 600 nm was measured every 30 minutes in triplicate.

Adsorption of biomolecules of varying molecular weight (albumin, myoglobin and

caffeine)

For each of the molecular weight size markers the adsorptive capacity of the different Yaq001

batches was assessed using a variable mass and a fixed biomolecule concentration and taking

measurements at the 24 hr time point. Kinetics of adsorption and adsorptive capacity was then

compared with that of AST-120. Three batches, Sept 08 (1002), Sept53 (1003) and Oct02

(1004), were used to prepared the release profile and release the Nov03 batch for the

toxicology studies and further in vitro comparison studies.

Albumin adsorption

Varying weights of carbon sample (0, 0.025. 0.05, 0.1, 0.25 and 0.5g) were weighed in triplicate

into eppendorf tubes (15 mL capacity). Carbon beads were pre-wetted with PBS under vacuum

for 3 hours at 1000 mbar pressure. Pre-wetting solutions were removed by micropipette and 5

mL of bovine albumin solution (2 mg/mL) was added to each tube. Samples were incubated at

37°C on orbital shaker for 24h at 120 rpm and supernatants were collected after 24 hrs

following centrifugation for 2 minutes at 4000 rpm. For the kinetics study 0.1g of carbon

adsorbent was incubated in triplicate with 5 ml of albumin solution at 37ºC with shaking, while

the albumin concentration was measured at 0, 0.5, 1, 2, 3, 5 and 7 hrs using a Jenway 6705

UV/Vis spectrophotometer at the wavelength of 562 nm. Albumin concentration was measured

using a BCA method according to manufacturer’s instructions. The BCA working reagent was

prepared by mixing 50 parts of reagent A to 1 part reagent B to give a light green colour.
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Albumin standards concentrations of 0, 0.1, 0.2, 0.4, 0.6, 0.8, 1, 1.5 and 2 mg/ml in PBS were

used to prepare a standard curve in order to calculate unknown albumin concentration. 2 mL of

BCA working reagent was mixed with 0.05 mL of albumin sample, standard or blank. The

solutions were Incubated at 37 ºC for 30 minutes, transferred into a cuvette and absorbance

was measured at 562 nm by UV spectrophometry.

Myoglobin adsorption

Carbon samples (0, 0.0625, 0.0125, 0.025, 0.05, and 0.1g) were weighed in triplicate into 15 ml

eppendorf tubes. Samples were pre-wetted with PBS under vacuum for 3 hours at 1000 mbar

pressure. Pre-wetting solution was removed, 5 mL of myoglobin solution (500 ug/mL) was

added and samples were incubated at 37°C on orbital shaker for 24h at 120 rpm. Supernatant

were collected, centrifuged for 2 minutes at 4000 rpm and transferred to a sterile universal tube

for measurement of myoglobin concentration. For the kinetics study, 0.1g of carbon adsorbent

was incubated in triplicate with 5 ml of 500 µg/ml myoglobin solution at 37ºC temperature with

shaking. Myoglobin concentration was measured at 0, 0.5, 1, 2, 3, 5 and 7 hrs. 3 mL of

supernatant sample from controls and experimental samples was placed in a cuvette and

absorbance was measured using a Jenway 6705 UV/Vis spectrophotometer at a wavelength of

409 nm. A standard curve was prepared using myoglobin standard ranging from 0-500µg/ml.

Caffeine adsorption

Carbon samples (0, 0.025. 0.05, 0.1, 0.25 and 0.5g) were weighed in triplicate into 15 mL

eppendorf tubes. Samples were pre-wetted with PBS under vacuum for 3 hours at 1000 mbar

pressure. 5 mL of a 10 mg/mL caffeine solution was added into each tube and incubated at

37°C on an orbital shaker for 24h at 120 rpm. 3 mL of supernatant was collected into clean

centrifuge tubes after 24 hrs following centrifugation for 2 minutes at 4000 rpm for measurement

of residual concentration. For the kinetic study, 0.1g of carbon adsorbent was incubated in

triplicate with 5 ml of caffeine solution at 37ºC temperature with shaking. The caffeine

concentration was measured at 0, 0.5, 1, 2, 3, 5 and 7 hrs using a Jenway 6705 UV/Vis

spectrophotometer at a wavelength of 273 nm. A standard curve was prepared using a

concentration range of 0 to 10 mg/mL. Standards and samples were diluted in methanol (1:100

and 3 ml of supernatant was added to a quartz cuvette for analysis.
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Drug adsorption

The adsorption kinetics of activated nanoporous carbon beads (215 Nov 03) for a range of

pharmaceutical drug compounds (table 1) was measured in comparison with microporous

control carbon beads (206 Oct 03).

Table 1: Chemical structures and molecular weights of different drug compounds

Name Structure Mol.

Wt

Group I

Propranolol

hydrocholride 295.80

Spironolactone 416.57

Furosemide 330.74

Amoxicillin 365.40
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Group II Ciprofloxacin 331.34

Rifaximin 785.88

Group III

Tenofovir

Disoproxil

Fumarate

635.51

Lamivudine 229.26

Adefovir 273.19

Metformin 165.62
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Group IV

Simvastatin 418.57

Carbon bead samples, measured in triplicate into 15 ml eppendorf tubes, were pre-wetted with

SIF (pH =6.8) under vacuum for 3 hours at -1000 mbar pressure. Tablet of individual drug

sample was crushed into a fine powder using a mortar and pestle and dissolved in appropriate

solvents as shown in the Table 2. Stock solutions of each drug compound were filtered to

remove other insoluble additives from the tablet before diluting them further in SIF to make

spiked working solution for the adsorption assay.

Table 2. Solubility of drug tablets in different solvents and their concentrations in stock

and spiked solutions

Drug (Dose) Solvent Stock

concentratio

n (mg/L)

Spiked Concentration in

SIF

(µg/mL)

Propranolol (40 mg) H2O + EtOH

(50:50) (25 mL)

1.6 16 (1: 100)

Spironolactone

(100 mg)

H2O + EtOH

(50:50) (25 mL)

4 40 (1:100)

Furosemide (40 mg) SIF (10 mL) 4 40 (1:100)

Amoxicillin (500 mg) DMSO (20 mL) 25 12.5 (1: 2000)

Ciprofloxacin (500 mg) H2O + MeOH

(50:50) (25 mL)

20 66.7 (1:300)

Rifaximin (550 mg) EtOH (50 mL) 11 5.5 (1:2000)

Tenofovir DF (245 mg) DMSO (40 mL) 6.13 61.3 (1:100)

Metformin (500 mg) MeOH (26.5

mL)

18.9 94.5 (1:200)
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Pre-wetting SIF solution was removed and 10 mL of spiked drug SIF solution was added into

each tube containing 0.2 g control or TE 7 carbon bead samples along with no carbon controls.

Samples were incubated at 37°C on an orbital shaker at 130 rpm for 24h. Kinetics samples

were collected at 0, 0.25, 0.5, 1, 2, 5, 6 and 24 hrs after spinning in a centrifuge for 2 minutes at

4000 rpm. Absorbance of each drug in supernatant was measured spectrophotometrically in

quartz cuvette or a quartz 96 microplate using a UV spectrophotometer or Biotek microplate

reader. Standard solutions of each of the drugs [Propranolol (0-16 µg/mL), Spironolactone (0-40

µg/mL), Furosemide (0-40 µg/mL), Amoxicillin (0-12.5 µg/mL), Ciprofloxacin (0-66.7 µg/mL),

Rifaximin (0-5.5 µg/mL), Tenofovir DF (0-61.3 µg/mL), and Metformin (0-94.5 µg/mL)] were

prepared and standard curves were constructed for each drug solution, plotting absorbance

versus concentration at the corresponding wavelength. Adsorption isotherm data was

generated using a series of control and TE7 carbon beads samples (0, 0.025, 0.05, 0.1, 0.25,

and 0.5g) weighed into 15 ml Eppendorf tubes in triplicate. 10 mL spiked drug SIF solution (in

triplicate) was added into each tube containing different weights of carbon samples. Samples

were incubated at 37°C on orbital shaker at 130 rpm for 24h. A 200 µL supernatant solution was

collected from each tube after centrifugation for 2 minutes at 4000 rpm. Residual drug

concentration was measured spectrophotometrically in a quartz 96-well plate using a Biotek

microplate reader controlled by Gen5 2.0 software. Residual concentration of each drug in the

solution was calculated using standard curve generated from a series of known concentrations.

Amount of drug adsorbed for the adsorption isotherm plots was calculated using the equation

below

q mg/g=V L (Ci-Cf) mg/L/m (g)

where;

q = the quantity of adsorbed material (mg)/g adsorbent

V = volume of albumin solution (L) that was used

Ci = Initial concentration (mg/L)

Cf = Equilibrium concentration (mg/L)

m = weight of adsorbent (g)

Endotoxin adsorption

All carbon samples were sterilised at 200ºC for 3 hours. 0.1 g sample was weighed into pyrogen

free glass vials in triplicate. 4 mL spiked endotoxin solution (10 EU/mL) in SIF was added to

each carbon sample and incubated on a shaking plate at 37ºC for 90 minutes. 450 µL of sample
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was collected at 0, 15, 30, 45, 60 and 90 minutes for the kinetic study. The standards (50, 5,

0.5, 0.05, 0.005 EU/mL) were made according to manufacturer’s instructions in endotoxin free

glass tubes using a 5 ml volume for each dilution and vortexing well between each dilution. 0.1

ml of standard, sample or control in duplicate was added to the wells of a 96 well plate. 0.1 ml

LAL reagent was prepared and immediately added to each well. The plate was placed in an

incubating plate reader (Biotek microplate reader) that measures absorbance at 405 nm and

monitored over time using Gen5 2.0 software.

Bile acid adsorption

The total bile acid (TBA) assay was used to measure the ability of carbon beads to remove bile

acids from SIF. A series of carbon samples (0, 0.025. 0.05, 0.1, 0.25 and 0.5g) were weighed

into 15 mL eppendorf tubes in triplicate. Carbon beads were pre-wetted with SIF under vacuum

for 3 hours at 1000 mbar pressure. 5 mL of a bile acid solution (800 µmol/L) was added into

each tube. Samples were incubated at 37°C on orbital shaker for 24h at 120 rpm, centrifuged

for 2 minutes at 4000 rpm and supernatant was removed. Residual concentration was

measured using TBA colorimetric enzymatic measurement assay using (Biotek microplate

reader) that measures absorbance at 405 nm. Standards were prepared in the range of 0, 3.9,

7.8, 15.6, 31.3, 62.5, 125, and 250 µMol/L in SIF in order to calculate unknown concentrations.

14 µL of each standard or sample was added in duplicate to the wells of a 96 well plate. SIF

only without reagent 1 (Thio-NAD) was used as a control. The mixture was incubated for 3

minutes at 37ºC and 300 µL of reagent 2 (3-œ-HSD NADH) was added in each well. The plate

was incubated again for 60 seconds at 37ºC and absorbance (A1) was measured at 405nm

using a Biotek plater reader. The plate was incubated further for 60 seconds at 37ºC and

absorbance (A2) was measured again at 405nm Change in the absorbance per minute was

calculated as ∆A/min = (A2-A1). Total residual bile acid in SIF was calculated using the equation;

TBA (µmol/L) = (∆A/min Sample-∆A/min Blank)/(∆A/min Std/Cal- ∆A/min Blank) x conc, 

Std/cal (µmol/L).

4.2 Results

Mercury porosimetry

The batches produced a consistent pore size distribution plot in the meso-macroporous range

from 30-200 nm (figure 1).
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Figure1: Pore size distribution of activated carbon samples determined by mercury

porosimetry

Surface area and porosity data derived from the mecury porosimetry software and presented in

table 3 was used to develop a standard release profile.

Table 3: Surface area, pore size, pore volume and bulk density of activated carbon

samples.

Sampl
e

Specific
surface

area
(m2/g)

Macro pore
volume
(mL/g)

Mesopore
volume
(mL/g)

Micropor
e volume

(mL/g)

Mean
macro
pore
size
(nm)

Bulk
Density
(g/mL)

1002 1432 2.2 0.1 0.48 120 0.229
1003 1504 2.13 0.1 0.49 95 0.230
1004 1438 1.94 0.09 0.47 95 0.230

SEM and EDX analysis

The beads showed consistent macroporous structure with bead diameter ranging in the 250-

500 micron range and internal nanoporosity present at high magnification. EDAX analysis

indicated no surface elemental contamination with some oxygen groups on the carbon surface

(table 4),
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Figure 2: SEM images shows (A-D) beaded (100x), (E-H) surface (15000x), (I-L) interface

(6000x) and (M-P) internal (50000x) porous morphologies of activated carbon samples. In

addition these micrographs indicate a uniform, spherical shaped activated carbon beads

with a diameter of 250 to 500 µm.

Table 4: Carbon and oxygen contents by EDX analysis

Samples C and O contents (wt%)

C O

215 Sept 08 96.6 3.4

215 Oct 02 98.1 1.9

215 Sept 53 96.8 3.2

215 Nov 03 95.5 4.5
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4.3.3 Heavy and trace metal detection by ICP-OES

Minimal detection of trace metal elements Cu and Fe was found. Levels were within acceptable

ppm limits. No other trace metals were present (table 5).

Table 5: Heavy and trace metals present in activated carbon samples detected by ICP-

OES

Metals Extractable metal concentration (ppm), n = 3

215 Oct 02 215 Sept 08 215 Sept 53 215 Nov 03

Cu 0 0.0213 0.1318 0.0746

Fe 1.8816 0 2.1671 0.0883

Cr 0 0 0 0

V 0 0 0 0

Ni 0 0 0 0

Pb 0 0 0 0

Mo 0 0 0 0

Detection of specified microorganism-bioburden testing

No bacterial contamination was detected in the batch samples of carbon (table 6). Figure 3

shows the presence of microorganisms in the control section of each plate but no growth from

the carbon sample supernatant.

Figure 3. Images shows no bacterial colonies formed due to activated carbon materials

Table 6: Detection of micro-organism formation in presence of activate carbon materials



D2.4 Consistent physical and adsorptive properties confirmed between batches

CO Page 20 Version 1.1

“This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under the Grant Agreement No 634579”

Sample E. Coli Salmonellae

spp.

Staph.

aureus

Pseudomonas

aeruginosa

Positive

control

215 Sept 08 Negative Negative Negative Negative Positive

215 Sept 53 Negative Negative Negative Negative Positive

215 Oct 02 Negative Negative Negative Negative Positive

215 Nov 03 Negative Negative Negative Negative Positive

4.5 Bacterial growth in presence of activated carbon materials

The carbon beads did not alter the bacterial growth kinetics of E. coli and Staph aureus cultures

over 24hours. Growth curves matched those of the no carbon controls in contrast to the

antibiotic controls in which no bacterial growth occurred (figure 4).

Figure 4: Growth curves of E. coli (A) and Staph. aureus (B) in the presence of activated

carbon samples (n =3) and comparison to the growth curves obtained in the absence of

carbon samples and amoxicillin antibiotic (control).

Size marker biomolecule adsorption

The adsorption of biomarkers in each size range was consistent for each of the carbon batches

(figure 5) and was used to construct a release profile using a low and high mass of adsorbent

and a consistent biomarker concentration (table 7). Kinetics of adsorption matched that of AST-

120 for the smaller molecules caffeine and myoglobin but was greater than that of AST-120 for

adsorption of the larger biomolecule albumin where adsorption by AST-120 tailed off at the 30

minute time point and was half that of the carbon samples (figure 6). The adsorptive capacity of
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the Yaq 001 carbon samples at the 24 hour time point was greater than that of AST0-120 for

myoglobin and albumin (figure 7).

Table 7: Adsorption of biomolecule size markers at low and high mass range for 3

different batches of MCI carbon

Biomolecule concentration adsorbed at 24 hr time point
Albumin (mg/mL) Myoglobin (µg/mL) Caffeine (mg/mL)

0.025g
adsorbent/

5mL

0.25 g
adsorbent/

5mL

0.0125g
adsorbent/

5mL

0.025 g
adsorbent/

5mL

0.025g
adsorbent/

5 mL

0.05 g
adsorbent/

5mL
1002 1.8 ± 0.03 0.2 ± 0.02 27.8 ± 0.56 10.2 ± 1.11 9.4 ± 0.19 7.1 ± 0.16
1003 1.15 ± 0.30 0.11 ± 0.02 17.7 ± 4.10 11.2 ± 2.00 6.9 ± 0.12 4.4 ± 0.16
1004 1.21 ± 0.02 0.13 ± 0.03 17.8 ± 2.00 9.4 ± 1.40 6.9 ± 0.12 4.7 ± 0.07

Figure 5. Adsorption of (A) albumin, (B) myoglobin and (C) caffeine with increasing mass

of carbon using three different batches of carbon.
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Figure 6. Adsorption of (A) albumin, (B) myoglobin, and (C) caffeine by activated carbon

adsorbents Yaq001 and AST-120 over time, n = 3.
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Figure 7. Adsorptive capacity of Yaq001 and AST-120 for (A) albumin, (B) myoglobin and

(C) caffeine with increasing mass of carbon, n = 3.

Drug adsorption

Rapid kinetics of adsorption was observed for each of the drug groups studied.
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Figure 8. Kinetics of adsorption for (A) propranolol, (B) spironolactone, (C) furosemide,

(D) amoxicillin, (E) ciprofloxacin, (F) refaximin, and (G) tenofovir by Yaq 001 carbon

samples, n = 3.

Endotoxin adsorption

The Yaq 001 samples adsorbed endotoxin over time reaching adsorptive equilibrium at 20

minutes. Some adsorption occurred onto the AST-120 samples but adsorption was half that of

the Yaq001 samples at the 90 minute time point (figure 9).

Figure 9. Endotoxin adsorption (LAL Assay) by AST120 and 215 Nov 03 (Yaq 001) carbon

samples over time (n =3).

Bile salt adsorption

Bile acid adsorption by AST-120 and Yaq001 occurred at the lowest measurable concentration

of carbon for each of the bile salts tested (figure 10).
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Figure 10. Effect of carbon adsorbent (Yaq 001 vs AST120) mass on (A) cholic acid, (B)

deoxycholic acid, (C) chenodeoxycholic acid, (D) lithocholic acid, (E) sodium

glycocholate , and (F) sodium glycochenodeoxycholate adsorption at 24 hrs, n = 3.

5 Conclusions and future steps

A range of physical and biochemical tests were developed to assess consistency of MCI

batches and the unique adsorptive profile of Yaq001. Yaq001 carbon beads from the different

batches demonstrated a consistent physicochemical and adsorptive profile from which a profile

range could be produced for the release document. Bead meso-macroporosity was distinctive

and a clear adsorptive benefit was observed for the larger biomolecules myoglobin, albumin and
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endotoxin. As expected for all activated carbon products adsorption of drugs and bile acids with

a phenolic ring structure through hydrophobic interactions was observed.


