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Assessment of resin perfusion in hepatic failure in vitro and in vivo
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Abstract
AIM: To observe the adsorbent effect of resin on endotoxin,
cytokine, bilirubin in plasma of patients with hepatic failure
and to determine the resin perfusion as an artificial liver
support system in the treatment of hepatic failure.

METHODS: One thousand milliliters of discarded plasma
was collected from each of 6 severe hepatitis patients treated
with plasma exchange. The plasma was passed through a
resin perfusion equipment for 1-2 h via extracorporeal
circulation, and then absorbent indicators of transaminase,
bilirubin, blood ammonia, endotoxin and cytokines were
examined. In the meantime, study of in vivo resin plasma
perfusion was performed on 7 severe hepatitis patients to
compare the changes of endotoxin and cytokines in blood
before and after perfusion.

RESULTS: The levels of total bilirubin, endotoxin, interleukin
1β and TNF-α in plasma were significantly decreased after
in vitro resin plasma perfusion. The levels of interleukin 1β,
TNF-α and endotoxin in blood were also evidently declined
after in vivo resin plasma perfusion. Nevertheless, no obvious
changes in IL-6, creatinine (Cr) and urea nitrogen (UN), blood
ammonia and electrolytes were found both in vitro and in vivo.

CONCLUSION: Bilirubin, endotoxin and cytokines in plasma
of patients with hepatic failure can be effectively adsorbed
by resin in vitro. Most cytokines and endotoxin in plasma can
also be effectively removed by resin in vivo. It demonstrates
that resin perfusion may have good treatment efficacy on
hepatic failure and can be expected to slow down the
progression of hepatic failure.
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INTRODUCTION
In the research field of artificial liver, blood perfusion, blood
filtration, plasma exchange techniques and methods are called
non-biological artificial liver[1-3]. They are based on the
mechanical mechanism of blood purification to remove toxins
in body to achieve the treatment goal for hepatic failure[4-11].
New-style resin blood perfusion is mostly used in toxicosis
rescue and uremia, etc in clinic, but was rarely reported in the

treatment of hepatic failure. Since endotoxin and cytokine play
a pivotal role in the pathogenesis of hepatic failure in severe
hepatitis[12-16], it has become an important issue whether resin
blood perfusion can effectively remove endotoxin and cytokine
in body. Therefore, we examined the effect of a non-bioartificial
liver with resin plasma perfusion on the plasma endotoxin and
cytokine removal in patients with severe hepatitis to determine
and assess the curative effect of resin plasma perfusion in the
treatment of severe hepatitis.

MATERIALS AND METHODS

Subjects
Thirteen subjects with severe viral hepatitis (female 1, male
12, aged 28 to 57 years with a mean of 41.3 years) were enrolled
in this study. All subjects belonged to chronic severe hepatitis
caused by HBV infection according to the diagnostic criteria
described in the Viral Hepatitis Protection and Cure Guideline
established on a national conference. Of these patients, 8 were
in middle stage, 5 in final stage, complication of encephalopathy,
spontaneous peritonitis and hepatorenal syndrome was found
in 11, 5 and 3, respectively.

Experimental protocol in vitro
One thousand milliliters of discarded plasma was collected
from each of 6 severe hepatitis patients treated with plasma
exchange, and mimic blood perfusion was performed in 3 h.
The resin perfusion device (Lizhu Bio-material Company,
Zhuhai, China) and tubes were filled with 500 mL of 50 g/L
glucose injection, then rinsed with 3 000 mL of normal saline
containing 80 mg heparin from bottom to top at 50-100 mL/min.
In the mean time, perfusion device was tapped by hand and
rotated to exclude bubbles and particles. Plasma perfusion was
performed for 1-2 h (average 1.7 h) and the velocity of plasma
cycling through the perfusion device was at 80-120 ml/min.
Plasma before and after circulation was collected, sealed and
stored at -40 . All the procedures, such as plasma collection,
perfusion in vitro and sample harvesting used aseptic technique,
syringe, cycling tubes and frozen tubes were radiated by 60Co
to remove pyrogen.

Figure 1  Schematic diagrams of resir perfusion in vitro.

Experimental protocol in vivo
Resin plasma perfusion was performed in 7 patients with severe
hepatitis. Temporal artery-vein circuit was established by
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insertion of femoral and pectoral venous cannulas. The patients
were heparinized based on individual conditions. The first dose
was 1-1.5 mg/kg, then 0.1 mg/kg each 30 min was added. The
patients’ blood was introduced to a plasma separator (Fresenius
Medical Care, Bad Homblurg, GER) at 100-120 mL/min for
separation of plasma from the whole blood. The separated
plasma was absorbed by the resin perfusion device, then mixed
with separated blood cells, and returned to patients. The
perfusion was maintained for 1-2 h (average 1.6 h) (Figure 2).
The plasma before and after perfusion was collected and stored
as the above methods.

Figure 2  Circuit diagrams of plasma perfusion.

Biochemical estimations and cytokines detection
Plasma aminotransferase, total bilirubin (TB), total bile acid
(TBA), electrolyte, UN and Cr were measured using a biochemical
autoanalyzer (Hitach Co., Tokyo, Japan). Blood ammonia was
measured by a blood ammonia detector (Shiga Co., Tokyo,
Japan). Endotoxin was measured by using a limulus test kit
according to the manufacturer’s instructions (Yihua Medical
Technology Co., Shanghai, China). The level of IL-1β and
TNF-α was measured by using a radio immunoassay (RIA)
kit according to manufacturer’s instructions (Department of
Radio Immunoassay, PLA General Hospital Technical
Development Center ). IL-6 level was measured by using an
ELISA kit according to manufacturer’s instructions
(Shengxong Medical Technology Co., Shanghai, China).

Statistical analysis
All results were expressed as mean±SD. Comparisons between
the groups and the same group before and after perfusion were
analyzed by Student’s t test.

RESULTS

Changes in transaminase and bilirubin
After resin perfusion device was used to absorb plasma of the
patients with severe hepatitis in vitro, transaminase, TB and
TBA were all declined with a statistically significant difference
in TB, DB and IB before and after resin perfusion (t value was
2.081, 2.048, and 2.086 respectively, P<0.05).

Table 1  Comparison of transaminase, TB and TBA before and
after in vitro resin perfusion (mean±SD)

         Before absorption          After absorption

ALT(IU/L) 74.17±49.68 47.83±22.33
AST(IU/L) 88.83±45.58 58.33±44.64
TB(µmol/L) 518.8±180.27 356.13±162.87a

TBA(µmol/L) 157.17±53.53 131.67±34.95

aP<0.05, vs before absorption.

      TBA was markedly declined in patients with in vivo resin
plasma perfusion with a significant difference (P<0.01).
Nevertheless, transaminase and TB had no marked change
before and after absorption (Table 2).

Table 2  Comparison of transaminase, TB, and TBA before and
after in vivo resin perfusion (mean±SD)

          Before absorption           After absorption

ALT(IU/L) 270.03±355.54 288.38±314.58
AST(IU/L) 252.50±391.51 224.88±356.79
TB(µmol/L) 519.66±209.00 460.80±165.99
TBA(µmol/L) 194.88±47.32 166.75±48.98b

bP<0.01 vs before absorption.

Comparison of electrolytes and renal function
The electrolytes – K, Na, Cl, Ca, Mg, and P after absorption had
no significant changes compared to those before absorption. UN
and Cr were declined after absorption with no statistical
significance compared to those before absorption with UN value
of 6.79±4.14 mmol/L before absorption and 6.42±3.39 mmol/L
after absorption, and Cr value of 135.67±30.77 µmol/L before
absorption and 121.85±20.40 µmol/L after absorption.

Blood ammonia
After in vitro resin absorption, blood ammonia in plasma was
not markedly decreased (98.17±20.60 µmol/L and 91.50±18.84
µmol/L). Similar to the result of in vitro, blood ammonia had
no significant difference before and after in vivo resin plasma
perfusion (48.25±8.63 µmol/L and 46.75±9.44 µmol/L).

Level of LPS and cytokines
The level of LPS was markedly decreased after in vitro
absorption (t=6.604, P<0.01). The changes in TNF-α and IL-
1β had a statistical significance (t was 2.876 and 3.673
respectively, P<0.05). IL-6 had no significant change before
and after in vitro resin absorption (Table 3).

Table 3  Level of LPS and cytokines before and after in vitro
resin absorption (mean±SD)

Before absorption After absorption

LPS (ng/L)       60.35±8.58      32.75±10.14a

TNF-α(ng/L)         1.49±1.06        1.04±0.91b

IL-1β(ng/L)         2.61±1.42        1.68±0.92b

IL-6(ng/L)     100.07±10.99      87.64±12.27

aP<0.05, bP<0.01 vs before absorption.

       The plasma endotoxin was markedly decreased after in vivo
resin plasma perfusion (t=5.233, P<0.001). TNF-α and IL-1β
also changed significantly (t value was 3.474 and 4.869
respectively, P<0.01) with declined levels of 16.3% and 37.1%
respectively. IL-6 had no evident change before and after in
vivo plasma perfusion (Table 4).

Table 4  Level of LPS and cytokines before and after in vivo
resin absorption (mean±SD)

Per- perfusion           Post- perfusion

LPS(ng/L)   58.64±11.03 36.13±5.24a

TNF-α(ng/L)     2.28±0.89   1.69±0.76a

IL-1β(ng/L)     1.98±0.82   1.24±0.88a

IL-6(ng/L)   88.41±24.96 84.85±16.55

a P<0.01 vs before absorption.
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DISCUSSION
Blood perfusion is a commonly used method for blood
purification[17-20]. Activated charcoal representing perfusion
equipment is most widely applied in the clinical treatment for
drug toxicosis, uremia and liver coma and a good result has
been obtained[21,22]. However, the shape of activated charcoal
particles is irregular and their mechanical strength is inferior,
thus particles are easily broken. If a broken particle directly
contacts with blood, it will cause hemolysis and microvessel
occlusion. Therefore, activated charcoal must be encapsulated
before use. Synthetic resin is another kind of medical absorbent
material with macropore high molecular polymers belonging
to neutral macropore resin that absorbs substances via Vandar
Val gravitation. Its absorbent ability has been found to be
characterized by a fast absorbent speed, high mechanical
strength, relative absorbent specificity mainly absorbing the
substances with a molecular weight of 500­5 000 Da and
showing an outstanding absorbent ability to those toxins which
can bind to proteins closely or are highly fat-soluble[23,24].
      In the experiment of resin blood perfusion in vitro, we
found that the resin blood perfusion device was able to
effectively absorb transaminase and bilirubin but weakly affect
kidney function and blood ammonia, considering that it
absorbed medium molecules not small molecules. It illustrated
the resin blood perfusion could improve the hepatic function
in patients with severe hepatitis. In the meantime, it did not
cause electrolyte imbalance and disturbance in the internal
environment. Therefore, resin blood perfusion can be used as
an artificial liver support system in the treatment of severe
hepatitis.
      Current studies considered that the pathogenesis of severe
hepatitis was the superposition of virus-caused primary
immunopathological damage and cytokine-induced secondary
damage[25-27]. When liver barrier function was impaired,
endotoxaemia would occur. Endotoxins stimulated the
mononuclear phagocyte system inside and outside the liver,
and thus, enormous cytokines were released. Furthermore, this
cytokine-induced secondary hepatocellular damage played an
important role in the course of hepatitis. Hereby, cytokine
removal was good for alleviating liver damage, reducing
leukoplania and thrombocyte aggregates, maintaining internal
environmental equilibrium, and sequentially slowing down or
even reversing the progression of disease and improving
prognosis[28-30].
      Along with the development in molecular biology, research
of antagonists for various cytokines has been launched, for
example, monoclonal antibody, receptor antibody, soluble
antibody. However, their clinical application is not ideal. In
recent years, more and more researchers have began to use
blood purification to remove cytokines[31-33]. At present, it is
still disputable whether   blood purification can effectively
remove cytokines[34,35]. Some researchers held that leucocytes
could be activated by passing through the device during blood
perfusion to cause the releasing of cytokines. In addition, it
has been found the molecular weight of cytokines is relatively
high, and cytokines are mostly bound to proteins in plasma,
the half-life of cytokines is short and they are produced and
metabolized quickly. Therefore, it would be hard to remove
them via blood purification[36].
      In this study, after plasma perfusion treatment for severe
hepatitis, both TNF-α and IL-1β in plasma were significantly
decreased, illustrating that plasma perfusion was an effective
method for cytokine removal. The change of IL-6 was not
significant, because IL-6 might be produced too fast, or it
related to different absorbent efficacy of the perfusion device
to various cytokines.
      In conclusion, resin can effectively absorb bilirubin, LPS,
TNF-α and IL-1β in vitro, and LPS, TNF-α and IL-1β can be

significantly decreased in resin plasma perfusion in vivo, resin
perfusion has good curative effects on severe hepatitis with
hepatic failure.
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