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Abstract

Synthesis, characterization and blood compatibility of
conductive cellulose composite membranes

Margarita Vartzeli 

Cladophora cellulose polypyrrole composites are recognized as potential biomaterials
with future applications in hemodialysis. In this project conductive Cladophora
cellulose-polypyrrole (clad-ppy) composites were prepared using two different
oxidizing agents: iron (III) chloride and phosphomolybdic acid (PMo). Cyclic
voltammetry, conductivity and specific surface area measurements were done to
characterize the synthesized composites. Furthermore in vitro blood compatibility
studies were performed. Whole blood was incubated with clad-ppy membranes and
then blood was analyzed for platelet number reduction and complement activation
products (C3a and sC5b-9). Clad-ppy with iron (III) chloride membranes were found
to be superior in terms of conductivity and surface area while Clad-ppy with PMo
membranes were found to provoke less blood activation. The results indicated that
each oxidizing agent gave distinct properties to the composite material.
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INTRODUCTION 
 
The overall goal of the current project was to synthesize and evaluate 

conductive cellulose composite membranes. The composite material consists 

of nanofibrous cellulose coated with a layer of a conductive polymer 

(polypyrrole). The material has a potential application as a hemodialysis 

membrane.  The aims of this project were: 

• Synthesis of Cladophora cellulose-polypyrrole membranes using          

different oxidizing agents (iron (III) chloride  and phosphomolybdic acid) 

• Characterization of the conductive composites 

• Preliminary blood compatibility studies 

 
CLADOPHORA CELLULOSE 
 
Cladophora cellulose is extracted from Cladophora sp. Algae and features 

additional distinct properties not seen in cellulose derived from land plants.  

Compared to ordinary microcrystalline cellulose, Cladophora cellulose has a 

higher degree of crystallinity (about 95% vs 80% as measured with X-ray 

diffraction), larger specific surface area (60-90 m2/g vs 1 m2/g as measured by 

N2 gas adsorption), and larger crystallites (20-30 nm vs 4-5 nm) [1] . The 

Cladophora cellulose material was found to be useful in a number of 

applications involving a tabletting agent [2], drug carrier for liquid drugs [3], or a 

suspending aid to improve the stability and texture of other dispersive 

systems [4]. This type of cellulose has a unique nanostructure, entirely 

different from that of terrestrial plants. 

It should be noted that the source of the abovementioned cellulose material is 

filamentous green algae Cladophora which is known for polluting coastal 

areas due to excessive growth [2].  

 

FIGURE 1.  Picture of green algae Cladophora in nature 
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CONDUCTIVE POLYMER POLYPYRROLE 

 

Polypyrrole (Ppy) is a chemical compound formed from a number of 

connected pyrrole ring structures. For example a tetrapyrrole is a compound 

of four pyrrole rings connected. Ppy is also called pyrrole black or polypyrrole 

black.  

Ppy are conducting polymers of the rigid-rod polymer host family, all basically 

derivatives of polyacetylene. The conductive properties of polyacetylene 

resulted in the 2000 Nobel Prize in Chemistry and various analogues of it 

have been investigated throughout the years including Ppy. Ppy was the first 

of this key family of compounds to show high conductivity and is probably the 

most promising of currently known conductive polymers in a number of 

applications due to their reasonably high conductivity, good stability of the 

oxidized state and ease of processing. During the polymerization of pyrrole 

(Figure 2) anions in the electrolyte solution are incorporated in the polymer 

film to maintain charge balance. The presence of these so-called dopant ions 

greatly influences the properties of the film. It is generally conceived that both 

anions and cations as well as accompanying water can enter the polymer film 

upon oxidation and reduction [5-8]. Chemical polymerization of pyrrole is 

generally based on the use of oxidizing agents like iron (III) chloride and 

phosphomolybdic acid [9]. The chemical nature of the oxidant and the ratio 

between the concentrations of the monomer and the oxidant as well, can 

determine the properties of the resultant Ppy material [10]. The use of Ppy as a 

coated conductive polymer to produce composite hemodialysis membranes is 

a completely novel approach. 

 
FIGURE 2. Electrochemical polymerization of pyrrole (Py). 
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COMPOSITES OF CLADOPHORA CELLULOSE AND PPY  
 
 
After polymerization of pyrrole in the presence of iron (III) chloride or 

phosphomolybdic acid on a Clad cellulose substrate, the fibrous structure of 

the Clad cellulose remained intact even after polypyrrole had been coated on 

the cellulose fibres. The possibility of energy-storage applications was raised 

in view of its large surface area. Composites of Clad cellulose and Ppy in the 

form of paper sheets could be bent, twisted, or folded without disrupting its 

mechanical integrity and also can function as ion exchange membranes by 

applying an electrical potential to the composite and switching the Ppy 

between its oxidized and reduced states [11]. Due to its large surface area, the 

composite exhibited a high exchange capacity for small anions like chloride 

anions. Because of the potential application of the composites membranes in 

hemodialysis it is necessary to study the possibility of exchanging bigger 

anions like phosphomolybdic ones which are in similar size to biomolecules. 

 
FIGURE 3. SEM picture of Cladophora cellulose composites 

              synthesized with (a) iron(III) chloride and (b) PMo. [12] 
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HEMODIALYSIS 
 
Hemodialysis is the most common method used to treat advanced and 

permanent kidney failure. Healthy kidneys clean blood by removing excess 

fluid, minerals, and wastes. They also make hormones that keep the bones 

strong and the blood healthy. When the kidneys fail, harmful wastes build up 

in the body, blood pressure may rise and the body may retain excess fluid and 

not make enough red blood cells. In hemodialysis, blood is allowed to flow, a 

few ounces at a time, through a special filter that removes wastes and extra 

fluids. The clean blood is then returned to the body. Removing the harmful 

wastes and extra salt and fluids helps control blood pressure and keep the 

proper balance of chemicals like potassium and sodium in the body. The 

principle of hemodialysis involves mass transport of solutes across a semi-

permeable membrane, but also hemodialysis membrane may act as ion 

exchangers. Composites membranes of Cladophora cellulose-Ppy are 

interesting materials as hemodialysis filters because of the capacity of the 

material to exchange anions. 

 
CHARACTERIZATION OF THE COMPOSITES 
 
To characterize the cellulose-polypyrrole composites conductivity and 

electrochemical measurements were performed and the specific surface area 

of the samples was determined. 

 
ELECTRICAL AND ELECTROCHEMICAL CHARACTERIZATION 
 
The electrochemical characterization of the composite materials was done by 

cyclic voltammetry and conductivity measurements. 

In typical cyclic voltammetry, a solution component is electrolyzed (oxidized or 

reduced) by placing the solution in contact with an electrode surface, and then 

making that surface sufficiently positive or negative in voltage to force electron 

transfer. In simple cases, the surface is started at a particular voltage with 

respect to a reference half-cell, the electrode voltage is changed to a higher or 

lower voltage at a linear rate, and finally, the voltage is changed back to the 

original value at the same linear rate. In the current project, it is Ppy that is 

being oxidized and reduced. When it is oxidized by gradually scanning the 
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potential from negative values to positive one, the Ppy chains become 

positively charged due to an oxidation process and the polymer becomes 

conductive. Therefore the current is increasing. The negative anions then 

present in the solution can enter Ppy to compensate for these positive 

charges and after a while the current starts to decrease after reaching its peak 

value. When the polymer is reduced the opposite process happens and the 

anions start to be released from Ppy until a point when polymer is reduced 

and becomes non-conductive.  

 This results in a measurable current in the electrode circuitry. A three-

electrode system design is an essential feature of all cyclic voltammetry 

systems, and this is incorporated in the present experiment. One of the 

electrodes is a reference electrode, and the three-electrode design locks the 

voltage of an “auxiliary” electrode to the reference electrode using a “voltage 

follower” circuit. Most of the actual current flow is between the auxiliary and 

“working electrodes”, leaving the reference electrode essentially unchanged. 
[11-13] 

Electrical conductivity (σ) is a measure of a material's ability to transfer an 

electric current. After polymerization, Ppy is in the oxidized state which is also 

the conductive state of the polymer. Therefore electrons can travel through 

the sample when current is applied to the composite. 

The international unit of charge is S/cm but the unit which is commonly used 

is one millionth of a Siemen per centimetre (micro-Siemens per centimetre or 

µS/cm). [14] 

 

SPECIFIC SURFACE AREA 

 

The specific surface area of a solid is determined by physical adsorption of a 

gas on the surface of the solid and by calculating the amount of adsorbate 

gas corresponding to a monomolecular layer on the surface. Physical 

adsorption results from relatively weak forces (van der Waals forces) between 

the adsorbate gas molecules and the adsorbent surface of the test material. 

The determination is usually carried out at the temperature of liquid nitrogen. 

The amount of gas adsorbed can be measured by a volumetric or continuous 

flow procedure.  
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The BET formula that was used for the calculation of the surface area is the 

following: 
)}/)(1(1){( 00 ppcpp

cpv
v m

−+−
=  (1) 

where p is the pressure, v is  the volume adsorbed and c is a constant. 

 

BLOOD COMPATIBILITY 

 

To evaluate and reduce the risk for unexpected or unwanted side effects, new 

biomaterials are tested in terms of biocompatibility. The biocompatibility 

concept includes two principal elements: absence of cytotoxic effects and 

functionality. Cytotoxicity deals mainly with the survival of cells and the 

maintenance of specific cellular function under the influence of the material. 

Functionality assumes the absence of impartment of cellular function and 

requires that the mechanical, chemical and physical features of the material 

are sufficient for the performance of cell-specific functions. 

When testing materials intended to react with blood, biocompatibility studies 

should address five major categories of tests in the following areas: 

complement system, thrombosis, coagulation, platelet activation/ consumption 

and white cells activation/ consumption. 

The composites studied in the current project have a potential application as 

hemodialysis membranes, therefore preliminary blood compatibility studies 

were performed to evaluate the biocompatibility of the novel materials. Blood 

activation was evaluated in terms of complement system activation and 

platelet activation/ consumption. 

The complement system is part of the innate immune system, with a primary 

function of removing microorganisms and other foreign substances. It has the 

ability to discriminate non-self structures from self components. The 

complement cascade consists of more than 30 soluble and membrane bound 

proteins that facilitate phagocytosis by opsonization of foreign substances, 

release inflammatory mediators and perform lysis of cells through pore 

formation. The central event in complement activation is the proteolytic 

cleavage of C3 into C3a and C3b which is achieved by two multi-subunit 

enzyme complexes, the C3 convertases. These enzymes can be assembled 



 8 

by three different activation pathways: the classical pathway, the alternative 

pathway and the mannan-binding lectin pathway. The activation pathways 

converge in the terminal pathway that ends up forming a membrane attack 

complex (MAC or sC5b-9) which disrupts the membrane integrity of 

pathogens.[15,16] So, measuring the levels of C3a and sC5b-9 enzymes helps  

to know if any blood activation took place. Higher levels of C3a and sC5b-9 

mean higher activation of the complement system. 

Platelets, also called thrombocytes, are derived form megakaryocytes. They 

are anucleated blood cells with discoid shape and a diameter of 3-4 µm. 

These cells play a central role in haemostasis. They circulate in a non-

activated state in blood, becoming activated when contacting injured 

endothelium, sub-endothelium or artificial surfaces. Among platelet activators 

are: plasma proteins (e.g. thrombin and fibrinogen), and components of the 

complement system (e.g. C3a and sC5b-9). These agonists interact with 

specific receptors on the platelet plasma membrane. [17] 

Platelet adhesion to artificial surfaces is an indicator of platelet activation. 

Determining the reduction in platelet number after blood contact with an 

artificial surface is a way of evaluating the activation state of platelets. 

 

 
MATERIALS AND METHODS 
 

PREPARATION OF CELLULOSE MEMBRANES 

 

The Cladophora cellulose was obtained as described before [1]. Cladophora 

cellulose membranes were used in the blood experiments as reference 

material. Cladophora cellulose (Clad) membranes were prepared as follows: 

300 mg of cellulose powder were dispersed in 50 ml of deionised water using 

a high energy ultrasonic treatment (Vibracell 750, Sonics, USA), for 12 min. 

The cellulose suspension was then moved to a funnel with applied filter paper. 

Vacuum was applied to eliminate the excess of water. When all the excess 

water was eliminated, the Clad membranes were removed and let dry.  
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SYNTHESIS OF CLADOPHORA CELLULOSE-POLYPYRROLE 

MEMBRANES USING IRON (III) CHLORIDE  

 

The Cladophora cellulose was obtained as described before [1]. For the 

synthesis of the Cladophora cellulose-polypyrrole (CladPpy) membranes the 

following protocol was used: 300 mg of Cladophora powder   was dispersed in 

50 ml of deionised water using high energy ultrasonic treatment (VibraeCell 

750W, Sonics, USA), for 12 min.  A second mixture was prepared, consisting 

of 3.00 ml of Pyrrole (VWR, Sweden) and 1-2 drops of Tween-80 brought to a 

total volume of 100 ml with deionised water.  The Pyrrole solution was mixed 

with the cellulose dispersion and agitated for 10 min. Eight grams of iron (III) 

chloride (VWR, Sweden) were dissolved in 100 ml of deionised water and the 

solution was added to the cellulose-pyrrol mixture to induce the 

polymerization. The reaction was allowed to continue for 15 min.  The reaction 

mixture was moved to a funnel with applied filter paper and filtered. The 

product was thoroughly washed with water and dried. Previously to the drying 

step, the product was redispersed using ultrasonication to form a 

homogeneous layer.  

 
SYNTHESIS OF CLADOPHORA CELLULOSE-POLYPYRROLE 

MEMBRANES USING PHOSPHOMOLYBDIC ACID  

 

The synthesis of the Cladophora cellulose-polypyrrole (CladPPy) membranes 

using phosphomolybdic acid [H3 [P(Mo3O10)4] as oxidant agent instead of iron 

(III) chloride  was done following the same procedure described above, with 

54 g of phosphomolybdic acid (VWR, Sweden) dissolved in 100 ml of water. 

. 

CYCLIC VOLTAMMETRY 

 
Cyclic voltammetry measurements were performed in a standard three-

electrode electrochemical cell using an Autolab/GPES interface (ECO 

Chemie, The Netherlands). Pt wire was used as the counter electrode, 

Ag/AgCl electrode as the reference electrode and the sample as the working 
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electrode. All measurements were carried out in 2.0 M solutions of sodium 

chloride. Four cyclic voltammograms were recorded between -0.6 and +0.7 V 

while the scan rate was 5 mV/s. The measurements took place at room 

temperature. 

 

CONDUCTIVITY MEASUREMENTS 
 
 
The resistance of the samples was measured using a multimeter (Hewlet 

Packard 34401 A). Each sample was cut in a rectangular shape and silver 

paint was pasted at the end of the samples in order to ensure good contacts. 

The conductivity (σ) was calculated as: 

 
Rwd

l=σ  (2)  

 where l is the length, w is the width and d is the thickness of the sample. The 

measurements took place at room temperature. 

 
SPECIFIC SURFACE AREA 

 

In the present work the N2 gas adsorption and desorption isotherms were 

obtained with ASAP 2020, Micromertitics, USA (Figure 3). The specific 

surface area was measured according to BET method [18]. 

 

 
FIGURE 4.  Micromeritics ASAP 2020 - Chemisorption  
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BLOOD EXPERIMENTS 

 

The studied materials were incubated with whole blood using the slide 

chamber in vitro model previously described by Hong et al. [19]  

In order to avoid blood activation by surfaces other than the studied materials, 

blood collection tubes and the slide chambers (see Fig 4) were coated with 

heparin. Heparin is a mucopolysaccharide involved in the regulation of 

coagulation activation. Heparin-coated surfaces have been shown to 

effectively reduce coagulation and complement activation during in-vivo and 

in-vitro experiments [20-22]. Blood collection tubes and the slide chambers were 

heparin coated using the Corline method (Corline Systems AB, Uppsala, 

Sweden). The materials were incubated with a polymeric amine (PAV, Corline 

AB, Sweden) for 15 min, followed by the incubation with a macromolecular 

conjugate of heparin (CHC; Corline heparin conjugate) for 60 min.  To obtain 

higher levels of heparin surface concentration the application of PAV and 

heparin conjugate was repeated twice. 

Whole blood from healthy donors was collected in heparin-coated 50 ml 

Falcon® tubes containing soluble heparin, giving final concentrations of 1.5 IU 

heparin/ml. Experiments were performed with three different blood donors and 

samples were running in duplicate in each experiment.  

The slide chamber is manufactured from polymethylmethacrylate (PMMA) and 

consists of two cylinders fixed to a microscope slide. In this way, two wells 

that can hold a maximum volume of 1.65 ml each are created. After heparin 

coating each well was filled with 1.4 ml of blood (0.6 ml of blood was also 

collected in eppendorf tubes containing 17.6 µl 0.34M EDTA, these 0 min 

samples were later used as controls). 

The Cladophora and Clad-Ppy membranes were then placed covering the 

wells (as “lids”), thus two cylindrical chambers were created (see Fig 4).  

Previously the membranes were soaked in Hank’s balanced salt solution 

(HBSS). The slide chambers were rotated vertically at 22 rpm for 60, 120 and 

240 minutes in a 37oC water bath. 

After incubation 0.6 ml blood aliquots from each chamber were collected in 

eppendorf tubes containing 17.6 µl 0.34M EDTA to give a final concentration 

of 10 mM. Then the blood was analyzed for platelet number using a Coulter 
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Ac T diffTM hematology analyzer (Coulter Corporation Miami, FL, USA). The 

results are compared with the ones obtained with the blood control and they 

are expressed as percentage of platelet number reduction. Finally the blood 

was centrifuged at 3000 xg for 10 minutes at 4 oC in order to collect the 

plasma samples and store them at -70 oC for the future analysis of C3a and 

sC5b-9.  

 

 

 

 

 

FIGURE 5. The slide chamber model. 1.4 ml of whole blood is added to each well of  
the slide chamber. Clad and clad-ppy membranes are placed covering the wells (as 
“lids”) creating two circular chambers. The slide chamber is rotated vertically at 22 
rpm in a 37oC water bath. 
 

 

ENZYME IMMUNOASSAYS: DETECTION OF C3a and sC5b-9 

 

C3a levels were measured using the method described by Nilsson Ekdahl et 

al. [23] Briefly, a PolySorb Micro 96-well plate (Nunc, Roskilde, Denmark) 

(Fig.5) was coated with 100 µl per well of monoclonal antibody anti-C3a 

(4SD17.3) diluted 1/300 in phosphate buffered saline (PBS) and incubated 

overnight at 4oC. The plate was washed with PBS, 0.05% Tween, 0.02% 
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antifoam (washing buffer) and blocked with  1% bovine serum albumin (BSA) 

in PBS, 0.05% Tween, 0.02% antifoam, 10mM EDTA  (200 µl/well, incubated 

for 1h at room temperature.) After that, plasma samples, standards and 

controls were diluted in dilution buffer (1% BSA in PBS, 0.05% Tween, 0.02% 

antifoam, 10mM EDTA) and 100 µl of each were placed in the wells and 

incubated for 1h at room temperature. Washing steps were followed by 

incubation with the detection antibody: 100 µl per well of biotinylated anti-C3a 

(diluted 1/300 in dilution buffer), incubated for 1h at room temperature.  After 

washing the plate 100 µl per well of horseradish peroxidase (HRP)-conjugated 

Streptavidin (diluted 1/500 in dilution buffer) were added and incubated for 15 

min at room temperature. The plate was washed and 100 µl per well of TMB 

substrate was added. After 5 min colour development was stopped with 1M 

H2SO4 (100 µl per well). The adsorbance was measured at 450 nm.  

Zymosan-activated serum calibrated against a solution of purified C3a was 

used as standard.  

 
FIGURE 6.  A 96-well microtiter plate being used for ELISA. 

 

Levels of sC5b-9 were measured using a modification of the method 

described by Mollnes et al. [24] A 96-well microtiter plate was coated with in100 

µl per well of antineoC9 monoclonal antibody diluted 1/1500 in PBS, 

incubated overnight at 4oC. The plate was washed with washing buffer (PBS, 

0.05 v/v % Tween, 0.02 v/v % antifoam) and blocked with  1 v/v % bovine 

serum albumin (BSA) in PBS, 0.05 v/v % Tween, 0.02 v/v % antifoam, 10mM 

EDTA  (200 µl/well, incubated for 1h at room temperature.). After that, 

samples, standards and controls were diluted in dilution buffer (1 v/v % BSA 

in PBS, 0.05 v/v % Tween, 0.02 v/v % antifoam, 10mM EDTA) and 100 µl of 

each were placed in the wells and incubated for 1h at room temperature. After 
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washing the plate, 100 µl per well  of polyclonal anti human C5 rabbit 

immunoglobulins (diluted 1/500 in dilution buffer) were added and incubated 

for 1h at room temperature. The plate was washed and 100 µl per well of 

HRP-conjugated anti-rabbit immunoglobulins (diluted 1/500 in dilution buffer) 

were added and incubated for 1h at room temperature. Washing steps were 

followed by the addition of 100 µl per well of TMB substrate.  After 5 min 

colour development was stopped by the addition of 100 µl per well of 1M 

H2SO4.  The absorbance was measured at 450 nm. Zymosan activated serum 

containing 40000 AU/ml was used as standard.  

 

STATISTICAL ANALYSES 

 

The results were expressed as mean ± SE. Statistical significance was 

calculated using Student’s t test for unpaired sample. p values less than 0.05 

were considered significant.  

 

 

RESULTS AND DISCUSSION 
 
 
CYCLIC VOLTAMMETRY 

 

Figure 6 shows cyclic voltammograms recorded for both types of membranes, 

iron (III) chloride (clad-ppy (FeCl3)) and PMo (clad-ppy (PMo)) synthesized 

samples. The current was normalized with respect to the mass of the 

composite used as the working electrode in the experiments. Clearly, the 

current of clad-ppy (FeCl3) is slighter higher compared to clad-ppy (PMo) 

membranes. In fact the current of clad-ppy (FeCl3) membranes reached a 

maximum point at 1.1 A/g while clad-ppy (PMo) membranes reached the 

maximum current point at 0.7 A/g. Furthermore the area under the curve of 

clad-ppy (FeCl3) is lager than the one under clad-ppy (PMo). That means that 

in clad-ppy (FeCl3) there are more ions participating in the cycling because 

the current increase during oxidation and reduction is directly proportional to 
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the number of anions entering or leaving the film. It can be concluded that the 

sample prepared with FeCl3 as the oxidant showed higher anion exchange 

capacity. 

 

 
FIGURE 6.  Cyclic voltammograms of Clad-PPy (PMo) and Clad-PPy (FeCl3) 

recorded at a scan rate of 5 mV/s in 2.0 M sodium chloride solution. 
 

 

 

CONDUCTIVITY MEASUREMENTS 

 

The conductivity measurements showed that clad-ppy (FeCl3) conductivity 

was 59 mS/cm, while clad-ppy (PMo) conductivity was 22 mS/cm. 

The low conductivity of the samples is probably due to the extensive washing   

that took place during the synthesis of the membranes. During the washing 

step some of the dopant anions were most likely lost from the membrane.  
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SPECIFIC SURFACE AREA 

 

The measured specific surface area of iron (III) chloride and PMo synthesized 

membranes were 89.8 m2/g and 34.4 m2/g respectively. The molecular weight 

of PMo is 11 times larger than that of FeCl3 which could be the reason for 

relatively lower specific surface area obtained because of the fact that the 

specific surface area is calculated per gram. 

 

 

BLOOD ACTIVATION 

 

GENERATION OF C3a AND sC5b-9 

 

Figure 7 shows the levels of C3a generated after blood contact with Clad, 

clad-ppy (FeCl3) and clad-ppy (PMo) membranes. The levels of C3a 

increased with the incubation time for all the membranes, but the increase 

was less marked for the PMo synthesized samples.  Particularly, as far it is 

concerned time periods of 60 and 120 min, there is no statistical difference 

between the C3a levels generated by the different materials. However, for the 

time period of 240 min, a more clear difference is observed: clad-ppy (PMo) 

generated lower levels of C3a compared with Clad and clad-ppy (FeCl3).  
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FIGURE 7. Generation of C3a during blood experiment for 1, 2 and 4 hours. 
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Figure 8 shows the levels of sC5b-9 generated after blood contact with Clad, 

clad-ppy (FeCl3) and clad-ppy (PMo) membranes. The levels of sc5b-9 

increased with time for all membranes, with a more marked increase for Clad 

and clad-ppy (FeCl3) compared with clad-ppy (PMo). After 60 and 120 min of 

incubation time there is no significant difference between the levels of sC5b-9 

generated by the different membranes. However, the difference become 

significant after 240 min of incubation time, with PMo membranes generating 

the lowest levels of sCb-9, followed by the iron (III) chloride synthesized 

samples.   

Complement activation by biomaterials has been linked to plasma protein 

adsorption on the artificial surface [25]. Hence, higher protein adsorption on the 

biomaterial surface may lead to higher complement activation. The lower 

levels of C3a and sC5b-9 generated after blood contact with Clad-Ppy (PMo) 

compared with Clad-Ppy (FeCl3) could be related with less protein adsorption 

on the PMo synthesized membrane surface due to the smaller specific 

surface area of that composite (34.4 m2/g for Clad-Ppy (PMo) vs.89.9 m2/g for 

Clad-Ppy (FeCl3)).  The low surface area could be an effect of higher 

molecular mass of PMo comparing to the one of FeCl3. 

Cellulose has been described as a high complement activating material due to 

the presence of hydroxyl groups in its structure [26].  The results presented 

here showed lower complement activation after 240 min of blood contact with 

the composite materials compared with the reference cellulose. Therefore, 

coating the cellulose with polypyrrole seems to reduce complement activation 

and that reduction is most likely due to the fact that the cellulose hydroxyl 

groups are hidden by the conductive polymer coating.  
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FIGURE 8. Generation of sC5b-9 during blood experiment for 1, 2 and 4 hours.      
Statistical significant differences are marked with * (p<0.05)                                       
 

 

PLATELET COUNT  

Figure 9 shows the percentage of platelet reduction after one, two and four 

hours of blood incubation with the membranes. Results showed a significant 

difference in platelet number after 60 min of blood contact with the different 

membranes. After 60 min of blood incubation, Clad-Ppy (PMo) showed the 

lowest percentage in platelet reduction, followed by Clad-Ppy (FeCl3).  After   

120 and 240 minutes of incubation time there was not a significant difference 

in platelet reduction among the membranes but Clad-Ppy (PMo) membranes 

showed a tendency to cause the lowest levels of platelet number reduction 

after 120 min of incubation.  
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FIGURE 9. The percentage of platelets reduction during blood experiment.  
                   Statistical significant differences are marked with * (p<0.05) 
 

PMo synthesized samples seemed to be less platelet reactive compared to 

iron (III) chloride synthesized samples and the reference material Cladophora 

cellulose after short time blood contact (60 min). The lower specific surface 

area of the PMo composites could also explain the lower activation observed 

for those samples. 

The surface roughness of the material could also contribute to blood 

coagulation. 

 

 

CONCLUSIONS  

 

Conductive Ppy cellulose composite membranes were prepared using two 

different oxidizing agents, iron (III) chloride and PMo. Each agent gave distinct 

properties to the composite material. The surface area of the iron (III) chloride 

synthesized membranes was found to be more than twice as large as that for 

the PMo synthesized samples.  The iron (III) chloride synthesized composites 

showed higher electrical conductivity compared with the PMo samples. 

Moreover, during cyclic voltammetric measurements current was found to be 

higher for the Clad-Ppy (FeCl3) samples than for the Clad-Ppy (PMo) 

composites.  
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Blood compatibility studies showed lower complement activation for the PMo 

composites after 240 min of blood contact compared with iron (III) chloride 

samples and the reference material Cladophora cellulose. PMo synthesized 

samples also seemed to activate platelets to a lesser extent as reflected by a 

lower reduction in platelet number in the bulk. The lower blood activating 

properties of the PMo synthesized samples compared with iron (III) chloride 

composites could be related to the smaller surface area of the PMo 

composite.  

 

FUTURE WORK 

 

Big interest would be on further research about the determination of the 

protein adsorption on the different composites. For example, the study of 

differences in adsorption for relevant proteins such as those involved in 

complement activation (C3, C1q) and also in platelet activation such as 

fibrinogen. This will help to confirm the hypothesis that the difference in blood 

activation found between the composites could be related to the different 

surface areas and hence differences in protein adsorption. 

Furthermore, it would be interesting to characterize the composites in terms of 

surface roughness of the synthesised membranes. 
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