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Abstract
Background/Aims: The use of adsorption cartridges for hemoperfusion (HP) is rapidly evolving. For these devices, the
potential induced cytotoxicity is an important issue. The aim
of this study was to investigate potential in vitro cytotoxic
effects of different sorbent cartridges, HA130, HA230, HA330,
HA380 (Jafron, China), on U937 monocytes. Methods: Monocytes were exposed to the sorbent material in static and dynamic manners. In static test, cell medium samples were collected after 24 h of incubation in the cartridges. In dynamic
test, HP modality has been carried out and samples at 30, 60,
90, and 120 min were collected. Results: Compared to control samples, there was no evidence of increased necrosis or
apoptosis in monocytes exposed to the cartridges both in
the static and dynamic tests. Conclusion: Our in vitro testing
suggests that HA cartridges carry an optimal level of biocompatibility and their use in HP is not associated with adverse
reactions or signs of cytotoxicity.
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Introduction

To date, extracorporeal blood purification treatments
are increasingly used to support different dysfunctioning
organs (kidneys, liver, lungs, heart, and septic blood) [1–
6]. The recent definition for this approach has been either
Multiple Organ Support Therapy (MOST) or Extracorporeal Organ Support (ECOS). The main purpose of such
extracorporeal therapies is to remove specific toxins and
solutes from the body. Mass removal is achieved by the
use of dedicated devices made of biocompatible polymers
and is governed by diffusion and adsorption [7]. This last
term refers to the separation of solutes from a mixture by
binding the specimen to a sorbent surface; typical condition for this mechanism is hemoperfusion (HP).
Depending on the organ in failure and on target solutes to be removed, specific extracorporeal therapies can
be prescribed adopting one or all of these physicochemical principles. In particular, diffusion maximizes removal
of small solutes (e.g., electrolytes), convection is usually
applied for removing middle molecular weight solutes,
while adsorption is particularly indicated for large molecular size toxins.
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effects, as specifically requested and regulated by
ISO 10993-5 [24]. The potential induction of cytotoxicity due to the release of small particles coming from extracorporeal circulation devices has been investigated,
even in devices already in use in clinical practice [25, 26].
Second, the contact of the sorbent material with blood
or plasma must not induce any activation of immune
system (the complement cascade in particular), homeostasis system, leading to hemolysis, leucopenia, and
thrombocytopenia. Third, adsorption through the sorbent must not result in unwanted molecules loss, such
as albumin.
In vitro cell culture assays can be used to test specific
biocompatibility characteristics of a sorbent material.
This technique can be really useful for the evaluation of
the potential toxicity or irritancy of materials and chemicals and can provide an excellent screening procedure
prior to performing in vivo trials.
The aim of this study was to in vitro investigate potential cytotoxic effects of 3 new sorbent cartridges, HA130,
HA230, HA330, on monocytes. Monocytic cell line is an
important experimental model to test in vitro the effects
of biomaterials on the first line defense of the immune
system: modifications or alterations in the functions of
these cells induced by exogenous substances can provide
important clues to predict the impact of interaction between the immune system and the same materials in vivo
[25, 27, 28].
In particular, we evaluated, in static and dynamic manners, the induction of apoptosis and necrosis in monocytes cell line due to indirect contact with the sorbents.

Materials and Methods
Sorbents
HA130, HA230, HA330/380, (Jafron, Zhuhai City, China),
whose characteristics are summarized in Table 1, are 3 cartridges
used for removing specific solutes in extracorporeal blood purification therapies. Although they have different clinical indications,
all cartridges contain neutro-macroporous resin adsorbing beads
made of styrene-divinylbenzene copolymer (Fig. 1a). The average
diameter of the resin beads is 0.8 mm, ranging from 0.60 to
1.18 mm (Fig. 1b). The resin pore size ranges are 500 Da–40 kDa
in HA130, 200 Da–10 kDa in HA230, and 500 Da–60 kDa in
HA330 (Fig. 1c). They have characteristics of specific recognition
and adsorption capacity to different molecular weight molecules.
The devices, recommended to be applied in HP modality or in series with hemodialysis-based treatments, are able to thoroughly
remove endogenous and exogenous materials such as middle uremic toxins, protein-bound uremic toxins, hydrophobic or proteinbound exogenous substances, cytokines, complements, free hemoglobin, and residual drugs by means of adsorption. The cartridge
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Among all, adsorption has not been fully adopted in
extracorporeal therapies and it is limited to the intrinsic
capability of membranes or sorbents to bind macromolecules. However, the use of these devices, applied in HP
or plasma perfusion, is becoming common in recent
years, especially in combination with other blood purification techniques [8, 9].
In accordance with the “Consensus Conference on
Biocompatibility” [9, 10], adsorption (and thus HP) is a
method for removal of molecules from blood or plasma
by attachment to a surface incorporated in a device within an extracorporeal circuit. Sorbents are made of substances that adsorb on their surface other elements present in a fluid phase, thanks to their physical and chemical
characteristics. In clinical practice, sorbents have been
used to eliminate industrial, pharmacological, or endogenous toxins such as bilirubin or porphyrines [11, 12].
Several new sorbents specifically designed for particular
diseases and target molecules to be removed have been
proposed in the last years and applied in clinical trials
[13–18].
Sorbents for extracorporeal blood purification can be
divided in 2 categories: (a) those that have hydrophobic
properties and therefore adsorb molecules in contact with
the sorbent, and (b) those that eliminate solutes by chemical affinity [19]. Among hydrophobic sorbents, there are
2 subgroups: charcoal and non-ionic macroporous resin.
Adsorption into charcoals, which are produced both
from biological substances and non-biological ones, occurs through their pores. Consequently, the efficacy of the
sorbent depends on the total number and radius of pores.
Charcoals can be coated or uncoated. Coated charcoals
not only reduce some of adverse effects of uncoated ones,
such as entrapment of platelets, but also reduce the efficacy of the device, because the increased thickness of the
polymer may limit the diffusion of toxins from blood to
the charcoal. The non-ionic macroporous resins are similar to charcoals: they are made of micro-sphere agglomerates, which adsorb toxins in their surface. Styrene-divinylbenzene-based copolymers are generally used in clinical practice [20–22]. The sorbents eliminating substances
by chemical affinity are basically ion exchange resins,
where an ion is substituted by another one of the same
electrical charge [23].
Regardless of the specific molecule to be adsorbed,
the most important characteristic that a sorbent must
comply with is biocompatibility, due to the direct contact with blood and blood cells in particular. As medical
devices, the sorbent must first not release any harmful
substances into the blood and not induce any cytotoxic
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Fig. 1. Neutro-macroporous resin adsorbing beads made of styrene-divinylbenzene copolymer (a). In (b, c), pics

made by transmission electron microscopy (TEM) of beats surface and section with the pore.

Table 1. Characteristics of cartridges tested in the experiment
HA130

HA230

HA330/380 (high volume)

Indication

Long-term dialysis complication
itching, hypertension, micro inflammation,
renal osteodystrophy, malnutrition

Intoxication poisoning of herbicide,
rodenticide, pesticide, biotoxin,
drug overdose

Critical ill patients suffered from
cytokine storm: that is, sepsis,
pancreatitis, trauma, cardiac surgery,
severe inflammation, and so on.

Toxins removal

Middle uremic toxins, protein-bound
uremic toxins

Hydrophobic or protein-bound
exogenous substances

Cytokines, complements, free
hemoglobin, and so on.

Main removed molecular range

5–30 kDa

500 Da–10 kDa

10–60 kDa

Resin pore size distribution

500 Da–40 kDa

200 Da–10 kDa

500 Da–60 kDa

130
110

Sterilization method

HA380 contains the same material as the HA330 but in higher
quantity; these 2 cartridges are considered high volume and were
tested as a single group.
Cell Culture
The human cell line U937 is a monocytic precursor cell line
derived from a histiocytic lymphoma [29]. Human monocytic
cell line U937 has been grown in RPMI 1,640 GlutaMAX (Thermofisher Scientific, Waltham, MA, USA) medium supplemented
with 10% heat inactivated fetal bovine serum (Sigma-Aldrich,
Saint Louis, MO, USA) and with 1% penicillin-streptomycin
solution (Sigma-Aldrich), complete RPMI. Cells were maintained
in a controlled atmosphere (5% CO2), incubated at 37 ° C, and
passed over to a new medium maintaining a constant density of
1 × 106 cells/mL.
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230
145
Styrene divinylbenzene copolymers
PC
Yes

330/380
170/185

Irradiation sterilization

Static Test
After having flushed cartridges with 2 L of saline solution at a
flow rate of 100 mL/min (as indicated by manufacturer’s datasheet), complete RPMI was infused and stored for 24 h in each of
the 3 cartridges. RPMI medium samples were collected both before
starting the experiment (negative control) and after 24 h of fluid
storage into cartridges. U937 cells were incubated in well plate for
24 h. Each well was filled 50% with complete RPMI with 1 × 106
cells and 50% with RPMI medium sampled before starting and after 24 h of storage. Measurements were performed in duplicate.
Dynamic Test
The test with the 3 cartridges was performed in HP modality
with a dedicated testing platform for extracorporeal therapies
(Fig. 2). A preliminary test was performed without connecting any
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Specification
Resin loading capacity, mL
Blood volume, mL
Material of absorbent
Material of housing
Partial filter
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cartridge to exclude potential blood line contribution to signs of
cytotoxicity and to serve as an additional control. Treatments lasted 120 min and complete RPMI 1,640 was circulated. In order to
maintain the quantity of medium coming in contact with sorbent
surfaces as proportional to cartridges dimension, circulating RPMI
volumes were 260 mL for HA130, 345 mL for HA230, and 430 mL
for HA330. Medium set flow rate was 200 mL/min for all the experiments. Two milliliter samples of complete RPMI medium were
taken before the treatment (as negative controls), and after 30, 60,
90, and 120 min. U937 cells were incubated in well plate for 24 h.
Each well was filled 50% with complete RPMI with 1 × 106 cells and
50% with RPMI medium sampled before starting and after 30, 60,
90, and 120 min of treatment. The test was performed in duplicate.
Cytofluorometric Assay
Cell viability, apoptosis, and necrosis were assessed using the
Annexin V-Fluorescein isothiocyanate (FITC) kit (eBioscience,
Thermofisher Scientific, Waltham, MA, USA) according to the
manufacturer’s protocol. Analysis was performed using Navios
flow cytometer (Beckman Coulter, Brea, CA, USA). Cells were gated and enumerated identifying those that exhibited FITC and
propidium iodide (PI) staining. Annexin V-FITC-labeled cells
were used to quantitatively determine the share of cells that were
undergoing apoptosis. Cells with both Annexin V and PI negative
were considered viable, cells with Annexin V positive and PI negative were considered in apoptosis, while cells with Annexin V
negative and PI positive were considered in necrosis.

Results
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Fig. 2. Experimental set-up of the dedicated testing platform for

extracorporeal purification devices, GALILEO machine.

Dynamic Test
The viability results of 24 h U937 monocytes incubation with RPMI medium collected in every step of the
dynamic test are shown in Figure 3. For all cartridges,
there was no remarkable difference in the percentage of
viable monocytes between each sample of the 4 time
points and the controls (Table 3). Furthermore, no difference was observed in apoptosis and necrosis after 24 h of
incubation between the samples of the 3 cartridges in every step and the control of the dynamic test (Table 3).
Discussion

Adsorption is a well-established mechanism of solute/toxins removal. It was developed to complement
diffusion and convection which are the major “membrane-based” mechanisms of solute removal utilized in
blood purification techniques. Adsorption, on the other
Pomarè Montin/Ankawi/Lorenzin/Neri/
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Static Test
The effects of sorbents on U937 monocytes after 24 h
of incubation in terms of viability are shown in Figure 3.
There was no noticeable difference in the percentage of
viable monocytes for each cartridge compared to the control. As shown in Table 2, viability share for HA130
cartridge is 96.77 (SD ±0.23) vs. 95.84 (SD ±1.42) for
the control, a 96.42 (SD ±0.18) for HA230 vs. 95.74
(SD ±1.14) for the control, and 97.30 (SD ±0.08) for
HA330 vs. a control value of 97.49 (SD ±0.01) (Table 2).
Similarly, there was no difference in the percentage of
apoptotic and necrotic cells after 24 h of incubation between the 3 cartridges and the controls, as shown in Figure 4. The proportion of apoptotic monocytes were in the
range of 3.17% (SD ±1.08), 3.21% (SD ±0.86), and 1.91%
(SD ±0.04) for controls values vs. 2.35%, (SD ±0.10),
2.51% (SD ±0.01), and 1.81% (SD ±0.02) for HA130,
HA230, and HA330 cartridge, respectively (Table 2).
With regards to necrosis, the proportion of necrotic cells
were 0.07% (SD ±0.04), 0.05% (SD ±0.00), and 0.07%
(SD ±0.00) for HA130, HA230, and HA330, respectively, versus 0.15% (SD ±0.09), 0.12% (SD ±0.07), and 0.05%
(SD ±0.01) of controls (Table 2).
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Monocytes viability, %
Monocytes apoptosis, %

100.0
98.5
97.0
95.5
94.0
92.5
91.0
89.5
88.0
86.5
85.0
83.5
82.0

Static test: viability
Control

Cartridge

Cartridge HA130

Cartridge HA230

Cartridge HA330/380

Static test: apoptosis
Control
Cartridge

Cartridge HA130

Cartridge HA230

Cartridge HA330/380

Static test: necrosis

0.50

and necrosis of U937 cell cultures in the
static test. The monocytes were incubated
with RPMI medium collected both before
starting the experiment (negative control)
and 24 h after fluid storage into cartridges.

0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0

Cartridge HA130

Cartridge HA230

Cartridge HA330/380

hand, is performed using sorbent materials. Blood or
plasma are circulated through a sorbent-containing cartridge where molecules are removed by binding to the
sorbent particles. The direct contact between the blood
components and the sorbent material raise the issue of
biocompatibility as a potential safety concern/barrier to
its use. This is particularly important in the case of adsorption as the surface area that comes in contact with

blood is much larger than in membrane-based techniques (typically in the range of 300–1,200 m2/g [30]).
Bioincompatible materials (membranes/sorbents) in
general trigger an inflammatory reaction by stimulating
the alternate complement pathway which results in neutrophils activation/infiltration of different organs as
well as the release of cytokines by the activated cells.
Clinically, it typically manifests as fever, chills, skin rash,
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Fig. 3. Effects on the viability, apoptosis,

Monocytes necrosis, %
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60′

90′

120′

Dynamic test: apoptosis

Blood lines/control
Cartridge HA130
Cartridge HA230
Cartridge HA330/
380

Pre

30′

60′

90′

120′

90′

120′

Dynamic test: necrosis

Pre

and thrombocytopenia/leukopenia. Historically, the
main indication of adsorption as an extracorporeal technique was intoxication (removal of exogenous toxins).
This, however, expanded to involve other indications
such as management of uremic symptoms in chronic dialysis patients (in combination with hemodialysis),
management of sepsis and other inflammatory states (in
combination with continuous renal replacement therapy), and other conditions including autoimmune diseases.
With adsorption becoming an attractive and evolving
area, numerous adsorption cartridges were developed
over the recent years to optimize its use. HA resin HP
cartridges are among the more recently developed ones.
192

30′

30′

60′

Table 2. Percentage of viability, apoptosis, and necrosis of mono-

cytes (U937 cell line) after 24 h of incubation for each cartridge
type and controls, as negative control RPMI medium samples were
collected before starting the experiment
Viability, %

Apoptosis, %

Necrosis, %

HA130
Control

96.77±0.23
95.84±1.42

2.35±0.10
3.17±1.07

0.07±0.03
0.15±0.09

HA230
Control

96.42±0.18
95.74±1.14

2.51±0.01
3.21±0.86

0.05±0.0
0.12±0.07

HA330/380
Control

97.30±0.08
97.49±0.01

1.81±0.02
1.91±0.03

0.07±0.0
0.05±0.01

Results are expressed as mean ± SD.
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Monocytes viability, %
Monocytes apoptosis, %

necrosis of U937 cell cultures in dynamic
test. Monocytes were incubated 24 h with
RPMI medium collected both before starting the experiment (pre control) and in
each step of the treatment for all the cartridge. A blood line without cartridge was
used as further control.

Monocytes necrosis, %

Fig. 4. Effects on viability, apoptosis, and

100.0
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Table 3. Percentage of viability, apoptosis, and necrosis of monocytes (U937 cell line) after 24 h of incubation for the samples collected

at 30, 60, 90, and 120 min for each cartridge type and controls (RPMI samples collected before the experiments)
Viability, %

Control
30′
60′
90′
120′

Apoptosis, %

Necrosis, %

line

HA130

HA230

HA330/380

line

HA130

HA230

HA330/380

line

HA130

HA230

HA330/380

97.15±0.03
96.70±0.04
96.83±0.21
96.96±0.44
96.51±0.25

96.58±0.87
96.87±0.03
96.94±0.03
96.49±1.00
96.82±0.13

96.74±0.14
97.28±0.11
97.15±0.35
97.21±0.40
97.23±0.61

97.15±0.03
97.35±0.16
97.45±0.23
97.59±0.31
97.48±0.18

2.09±0.06
2.58±0.10
2.44±0.23
2.20±0.32
2.69±0.32

2.63±0.64
2.30±0.10
2.29±0.05
2.69±0.92
2.44±0.08

2.37±0.03
1.87±0.15
2.04±0.23
2.09±0.26
2.02±0.52

2.09±0.06
1.93±0.16
1.79±0.13
1.58±0.27
1.70±0.13

0.07±0.01
0.07±0.01
0.10±0.03
0.11±0.00
0.14±0.05

0.11±0.02
0.11±0.01
0.08±0.03
0.11±0.01
0.10±0.03

0.10±0.02
0.07±0.01
0.06±0.01
0.04±0.02
0.06±0.01

0.07±0.01
0.08±0.01
0.06±0.02
0.08±0.01
0.06±0.02

To date, they have been thoroughly studied and widely
used in China with no reported safety concerns [31–37].
Important to note that, apart from a few incidents of fever described by the studies of Huang et al. [33] and Hu
et al. [35], no clinically significant side effects including
symptoms and laboratory findings suggestive of bio-incompatibility were reported in these studies. Drop in
platelet count was noted but was often transient, described as not clinically significant, and not resulting in
bleeding events or requirement of blood transfusion. As
the use of HA cartridges continues to grow, tests to ensure their biocompatibility are extremely important.
This not only applies to HA cartridges but all extracorporeal devices under study. Biocompatibility testing is of
utmost importance before approval of such devices for
commercial use [38]. As described by Kokubo et al. [39],
experimental studies to test for membranes biocompatibility (sorbent material in the case of adsorption) can be
performed using porcine blood/platelet-rich plasma
(with leukocytes), looking for signs of platelet activation.
It can also be done using suspension of neutrophils isolated from porcine blood looking for production of reactive oxygen species. Additionally, it can be done using
human cultured monocytes. Various experimental tools
such as analysis of cell surface markers using flow cytometry, quantitation of proteins using ELISA, and gene expression analysis can be used to investigate changes in
blood cells as a marker of membrane/sorbent material
biocompatibility.
Our in vitro study, in addition to those already standardized, used exposure of cultured human monocytes to
HA cartridges (HA130, HA230, and HA330) sorbent material as a method to look for necrosis and apoptosis reflecting cytotoxicity. Our results suggest that its use is not
associated with cytotoxicity. We have demonstrated that

exposure to the HA cartridges, both in static and dynamic states, resulted in no increase of monocytes necrosis
and apoptosis or decrease in viability compared to control samples. This is in alignment with the previously
published studies using HA cartridges, where significant
side effects (suggestive of cytotoxicity) were not noted
[28–34].
The use of adsorption as a solutes removal mechanism is rapidly evolving and promising tool for extracorporeal blood purification therapies. Our in vitro
study findings suggest that HA resin HP cartridges use
is safe with no evidence of cytotoxicity. However, the in
vitro nature of our study results in several limitations. In
vitro testing in general is associated with difficulties to
capture interactions between different cell types, difficulties to account for the presence of extracellular signals, as expected in vivo, problems to extrapolate from
in vivo doses to in vitro concentrations, and difficulties
in simulating the consequences of long-term exposures
[40]. Nevertheless, as highlighted above, monocytic cell
line represents an important experimental model for in
vitro testing and can provide important clues to the effects of the tested material on the immune system in
vivo.
Clinically, it has been reported that by using HA130
cartridge for patients with end-stage renal disease, there
was a better removal of middle uremic toxins compared
to the membrane modality, and HP benefits the life quality [32] and nutritional status [41] of long-term dialysis
patients. HA230 cartridge has been used for intoxication
[42], and might also be used for cancer patients after chemotherapy for the removal of excessive cytostatics in the
blood. The HA330/380 cartridges have been suggested
for removal of cytokines for sepsis patients and during
cardiac surgery [30]. It is found that in sepsis-induced
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A blood line without cartridge was used as further control.
Results are expressed as mean ± SD.

acute lung injury patients, HA330 HP significantly improved hemodynamic and organ function at day 7, and
both ICU and 28-day mortality were significantly lower
in the HP group [34]. Further studies to better identify
duration of therapy, criteria to define clinical response,
and other potential uses are although needed, even though
a significant body of literature is available today [2, 43–
46]. A standardized method of sorbent material biocompatibility testing is also needed and our study represents
a step forward in this direction.
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