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Summary

Background: Methylene blue (MB) / light treatment is a well-
known procedure for the inactivation of pathogens in fresh
frozen plasma (FFP). Aim of the current study was to investi-
gate the thrombin generation (TG) characteristics and quality
of MB plasma prepared by the Theraflex MB Plasma System.
Methods: Single donor plasma units (n = 18) were MB/light-
treated, with sampling before and after processing. Prepara-
tion included leukocyte depletion, addition of MB pill prior to
illumination, and depletion of MB and photoproducts by fil-
tration. Different plasma parameters and TG were measured.
TG additionally was determined in solvent/detergent plasma
(n = 8). Results: MB/light treatment significantly affected fac-
tors V, VIl and Xl, which were decreased by 9-18%. While the
antigen level was not affected, fibrinogen according to Clauss
was decreased by 7%, correlating with a 12% prolongation
of TT and RT. The total amount of free thrombin generated,
given as ‘area under the curve’ (AUC), was comparable for
untreated (93 + 18% of normal plasma) and MB/light-treated
plasma (95 + 20%). Also peak thrombin concentration was
not significantly affected by treatment (94 + 11% (untreated)
vs. 96 + 12% (treated)). The ‘time to peak’ value (TTP) was
105% of normal plasma for untreated FFP and 89% for MB-
treated plasma. Conclusion: For plasma treated with the
Theraflex MB Plasma System no profound influence of MB/
light treatment on the characteristics of thrombin generation
was detected. In concordance with data from the literature,
coagulation factors V, VIl and XI were decreased due to MB/
light treatment. Decrease was less than 20%.

Schliisselworter
Thrombinbildungskapazitat - MB-Plasma -
Theraflex MB Plasma System

Zusammenfassung

Hintergrund: Die Methylenblau(MB)/Licht-Behandlung ist
eine etablierte Methode zur Pathogeninaktivierung von gefro-
renem Frischplasma (GFP). Ziel der vorliegenden Studie war
die Ermittlung der Thrombinbildungs-Charakteristika und der
Qualitat von MB-Plasma, das mit dem Theraflex MB Plasma
System herstellt wurde. Methoden: Es wurden 18 Einzel-
spenderpraparate mit MB/Licht behandelt und Proben vor
und nach Behandlung genommen. Die Herstellung umfasste
die Leukozytendepletion, die Zugabe von MB (als Tablette),
die Belichtung sowie die anschlieRende Entfernung von MB
und seinen Photoprodukten. Verschiedene Plasmaparameter
sowie die Thrombinbildung wurden gemessen. Die Throm-
binbildung wurde dariber hinaus auch fiir Solvent/Detergent-
Plasma (n = 8) untersucht. Ergebnisse: MB/Licht-Behandlung
flihrte zu einer signifikanten Abnahme der Faktoren V, VI
und XI um 9-18%. Das Fibrinogen nach Clauss nahm um 7%
ab, wohingegen die Antigenkonzentration nicht beeinflusst
wurde. Die Abnahme der Fibrinogenaktivitat korrelierte mit
einer um 12% verlangerten Thrombin- und Reptilasezeit.
Die Gesamtmenge des im Thrombinbildungs-Assay nachge-
wiesenen freien Thrombins, angegeben als «area under the
curve» (AUC), war vergleichbar fiir unbehandeltes (93 + 18%
bezogen auf Normalplasma) und MB/Licht-behandeltes Plas-
ma (95 + 20%). Auch die Peak-Thrombinkonzentration wurde
durch die Behandlung nicht signifikant beeinflusst (94 + 11%
(unbehandelt) versus 96 + 12% (behandelt). Die Zeit bis zum
Erreichen des Peaks («time to peak» (TTP)) betrug fir unbe-
handeltes GFP 105% verglichen mit Normalplasma, fiir MB/
Licht-behandeltes Plasma 89%. Schlussfolgerung: Plasma,
dass mit dem Theraflex MB Plasma System behandelt wurde,
zeigte keinen profunden Einfluss der MB/Lichtbehandlung
auf die Charakteristika der Thrombinbildung. In Ubereinsti-
mung mit Literaturdaten fiihrte die MB/Licht-Behandlung zu
einer Abnahme der Gerinnungsfaktoren V, VIl und XI. Die Ab-
nahme betrug weniger als 20%.
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Introduction

Treatment of fresh frozen plasma (FFP) with methylene blue
(MB) and light has been shown to effectively inactivate viruses
and other pathogens. The method is highly efficient against en-
veloped viruses such as HIV, HBV, or West Nile virus [1-3].
Moreover, some (but not all) non-enveloped viruses and para-
sites [4] are inactivated.

MB/light-treated plasma (MB plasma) is in use in several
different European countries. Mainly two different manu-
facturing procedures are applied, following either the origi-
nal ‘Springe Procedure’ [1] or using the modified Theraflex®
MB Plasma System [5]. The methods differ in the way MB is
added to the plasma. While the ‘Springe Procedure’ uses an
MB stock solution (50 umol/l) the Theraflex System contains
a dry MB pill (85 ug MB). The final concentration of MB is
approximately 1 umol/l for both methods. Furthermore, the
‘Springe Procedure’ includes an additional freeze-thaw step
for cracking residual leukocytes to make intracellular viruses
accessible to the action of MB and light. The Theraflex Sys-
tem on the other hand has an in-line 0.65 um-membrane filter
for the removal of remaining leukocytes (Plasmaflex®). The
Theraflex System additionally allows removal of MB and pho-
toproducts after illumination by Blueflex® filtration [6].

Regardless of the manufacturing process, the inactivation
procedure is associated with a moderate loss of coagulation
factor activities: factor VIII (FVIII) and fibrinogen are de-
creased by up to 25% of their original activity [3]. Garwood et
al. [6] have shown that, although a freeze-thaw step has little
effect on fibrinogen and FVIII levels, losses due to MB treat-
ment are 5-10% lower in fresh plasma compared to frozen-
thawed plasma. Other plasma factors like von Willebrand-
Factor, ADAMTS 13, AT, protein C and protein S, however,
are only slightly or not at all affected [3, 7-9]. The decrease in
the level of fibrinogen is seen by the Clauss assay, but not in
the antigen assay [9]. The reason is that MB/light treatment
affects the biological activity of fibrinogen by photooxidiz-
ing histidine residues; this has, however, no influence on its
concentration [10]. Together with a decrease in the activity of
coagulation factors, an increase is seen in the coagulation time
of global assays of coagulation like thrombin time (TT) or ac-
tivated partial thromboplastin time (aPTT) [3].

Newly developed thrombin generation tests enable the
continuous measurement of thrombin generation in plasma
samples [11, 12]. Data on dynamic thrombin generation may
be an indicator for the overall hemostatic potential of FFP
[13]. However, until now there is only very limited data on
the thrombin generation characteristics of plasma products
like FFP. Recently Pock et al. [14] reported an impaired
thrombin generation capacity in MB/light-treated plasma
together with a profound increase in the global coagulation
parameters (TT, reptilase time (RT)) and a reduced fibrino-
gen activity [15]. This prompted us to undertake a more de-
tailed investigation especially on the quality and thrombin

Thrombin Generation Capacity Of Methylene
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generation characteristics of MB plasma prepared with the
Theraflex MB Plasma System. Results of thrombin genera-
tion were also compared with data obtained from solvent/
detergent(SD)-treated plasma.

Material and Methods

Blood Collection and Processing

Blood donations were obtained from unpaid voluntary donors who were
screened according to the German guidelines [16]. Blood (500 ml) was
collected into 70 ml of CPD anticoagulant. After overnight storage at 4
°C, plasma was separated by centrifugation (Hettich Roto Silenta, Tutt-
lingen, Germany) and subsequent processing with an automated blood
component extractor (Optipress IT; Baxter, UnterschleiBheim, Germany).
Plasma units (approximately 250-300 ml) were stored for a maximum of 2
h at room temperature until MB/light treatment.

MB/light Treatment

18 fresh plasma units of different blood groups (6 units each of the blood
groups A, B, and O) were MB/light-treated using the Theraflex MB Plas-
ma System (MacoPharma, Mouvaux, France). Before treatment a sam-
ple (referred to as ‘untreated FFP’) was taken from the bag to determine
plasma parameters and thrombin generation. Plasma units were then
connected to the Theraflex MB Plasma Bag System (MacoPharma) by
sterile connecting device (TSCD; Terumo, Eschborn , Germany). Plasma
was leukocyte-depleted by the integrated membrane filter (Plasmaflex;
Macopharma) and then transferred to the illumination bag while dissolv-
ing the MB pill. Illumination was done on the Macotronic illumination de-
vice (MacoPharma) with a light dose of 180 J/cm?. After illumination MB
and photoproducts were removed by Blueflex (Macopharma) filtration.
A sample for the determination of coagulation parameters and thrombin
generation was taken from the freshly prepared plasma (referred to as
‘MB plasma’). The inactivation procedure was finished within 24 h after
donation. Plasma samples were frozen in liquid nitrogen immediately
after sampling and stored at =70 °C until determination of coagulation
parameters and thrombin generation.

SD Plasma

SD plasma was commercially available plasma marketed in Germany
(two units of each blood group). All batches of these units had passed the
tests at the Paul Ehrlich Institute necessary for official batch release. Fur-
ther data on clotting parameters have been published recently by Salge-
Bartels et al. [17].

Determination of Coagulation Factors

TT and fibrinogen activity according to Clauss were assayed using a BCS
Analyser and reagents from Dade Behring, now Siemens Healthcare
(Marburg, Germany).

Fibrinogen (Antigen) was determined by radial immunodiffusion
using reagents from Dade Behring.

Clotting assays for factor V (FV), FVIII, and factor XI (FXI) were
run using a coagulation analyzer (ACL 10000; IL, Milan, Italy). Measure-
ments were done using deficient plasma from IL (FV and FXI) or Helena
(FVII).

RT [18] was determined using the Pefakit Reptilase time (Pentapharm,
Basel, Switzerland) on a coagulation analyzer STA compact (Roche,
Basel, Switzerland). An in-house plasma standard (calibrated against the
WHO plasma standard for factor I) prepared from fresh frozen plasma
served as a control. Functional protein S was measured using the Hemosil
Pro S reagent kit (Instrumentation Laboratory, Kirchheim, Germany) on
an ACL advanced coagulation analyzer (Instrumentation Laboratory).
This assay is based on publications by Suzuki et al., 1988 [19] and Preda
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Table 1. The effect of MB treatment on factors of the coagulation system

Parameter Reference FFP before treatment MB plasma Percent decrease or increase

range (n=18) (n=18)

mean + SD range mean £+ SD range mean range

TT,s 16-21 21.3+09 19.7-22.9 23.8+0.9*% 223-25.1 +11.5 4.4-20.1
RT,s 16-22 185+19 15.5-21.7 209+24 17.0-24.5 +12.7 -11.1-48.8
Fibrinogen (Clauss), g/l 1.8-4.5 24+02 1.8-3.0 22+0.2% 1.7-2.8) -6.9 -13.0-0.0
Fibrinogen (Ag), g/l 1.82-3.52 2.80+0.6 1.60-4.23 2.83+0.6 1.60-4.23 +1.0 -4.9-15.9
FV, % 60-140 123.6£23.6 88-164 112.8 £21.3*  81-145 -8.8 -13.5t0-6.2
FVIII, % 50-140 87.0£23.0 48-146 768 +24.1%  45-136 -11.7 -28.6-4.9
FXI, % 65-150 117.8+£19.0 85-150 972 £17.8*% 71-135 -17.5 —24.1t0-10.0
Protein S, % 67-132 85.7+£13.1 60-116 80.9 £13.0* 56-108.5 -5.6 -10.6 to-1.0
*p <0.001 compared to untreated FFP (paired t-test).
et al., 1990 [20]. The first international standard for protein S plasma, Results

human (WHO-93/590), served as the plasma standard while the control
plasma was contained within the Hemosil Pro S kit.

Thrombin Generation Assay

Thrombin generation was assayed essentially as described previously
[21]. Each determination was done in triplicate. 25 ul plasma (normal
plasma or sample) were distributed into wells of a microplate and sup-
plemented with 25 ul of a four-fold concentrated solution of reaction
additives: 10 pl tissue factor/phospholipids and 5 ul Boc-Val-Arg-AMC
were made up to 25 ul with HBS (10 mmol/l Hepes, 150 mmol/l NaCl;
pH 7.4) containing 1% human serum albumin. After 2 min prewarming,
50 ul of a prewarmed solution of 20 mmol/l CaCl, in HBS-containing al-
bumin was added by the built-in dispenser, and readings were taken at
37 °Cevery20sover 1 h.

Normal plasma was obtained from Dade Behring. The thrombin
substrate Boc-Val-Arg-AMC [22] was obtained from Bachem (Heidel-
berg, Germany). Innovin (tissue factor / phospholipids) was from Dade-
Behring. Cephalin (phospholipids) was from Roche-Boehringer (Mann-
heim, Germany). Innovin and cephalin were mixed 1/700 so as to yield
a final concentration of 2 pmol/l tissue factor. The final concentration of
thrombin substrate was 500 umol/l.

All other reagents were of the highest purity available from different
sources.

The time needed to dispense the calcium solution and to mix the sam-
ples after dispensing was determined and taken into account (delay on
the time axis).

The obtained data (thrombin peak, AUC, ‘time to peak’ (TTP)) are
expressed as percent of normal plasma which was set as 100%.

Interference of MB with the Thrombin Generation Assay

One plasma unit was MB/light-treated using the Theraflex System. Sam-
ples were taken from the starting material, after addition of MB (MB con-
centration approximately 1 umol/l), and after illumination and removal of
MB and photoproducts by Blueflex filtration. Thrombin generation was
assayed according to the above-described method.

Statistical Analysis

Results of the plasma factor measurements are given as arithmetic mean
+ standard deviation (SD). For comparison of untreated with MB/light-
treated plasma the paired t-test was used. For comparison of SD plasma
with untreated FFP and MB plasma the t-test was used. Differences were
considered significant for p <0.001. Analysis was performed using com-
mercially available software (Sigma Stat for Windows, Version 3.1, Systat
Software, Erkrath, Germany).
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Plasma Quality

18 fresh plasma units of different blood groups were MB/light-
treated using the Theraflex MB Plasma System. Treatment
included leukocyte depletion by Plasmaflex filtration, illumi-
nation on the Macotronic illumination device, and removal of
MB and its photoproducts after illumination by Blueflex filtra-
tion. The results of the plasma factor measurements are given
in table 1. MB/light treatment significantly affected different
parameters: FV, FVIII and FXI were decreased by 9-18%.
Fibrinogen determined by Clauss method was lowered by 7%
while the antigen level was not affected. Consequently TT and
RT were prolonged (by about 12%). Protein S was decreased
by about 5%.

Thrombin Generation

Thrombin generation in the plasma samples was measured after
triggering coagulation by the addition of CaCl, in the presence
of phospholipids, tissue factor, and a fluorogenic thrombin sub-
strate. Results are given in percent of normal plasma which was
measured in parallel. Exemplary thrombograms from one set
of samples, taken at different steps of the procedure, are shown
in figure 1. The assay was not affected by the presence of MB
in the plasma. Values were comparable before and after the ad-
dition of MB.

The results of the thrombin generation assay are shown in
table 2. The amount of free thrombin generated is given as
AUC in percent of normal plasma. AUC was comparable for
untreated (93%), MB-treated (95%) and SD-treated plasma
(107%). As untreated FFP and MB plasma are single donor
products, the variations in AUC values are greater than for
SD plasma which is a pooled product [23].

TTP value was determined to be 105% of normal plasma
for untreated FFP, 89% for MB-treated, and 78% for SD-
treated plasma. MB treatment significantly shortened TTP by
15% (p £0.001). Compared with untreated plasma, TTP was
also significantly decreased in SD plasma (p < 0.001).

Gravemann/Kusch/Koenig/Mohr/Mueller
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Fig. 1. Typical thrombograms of plasma before and after MB treatment

Peak thrombin concentration (% of normal plasma) ranged
from 76 to 117%, with a mean of 94% for untreated plasma.
After MB/light treatment the concentration was increased
non-significantly to a mean of 96% (range 78-124%).

SD plasma had a peak thrombin concentration of 100%
(97-105%).

Similar to AUC, the variations in TTP and peak thrombin
values were greater for untreated FFP and MB plasma than
for SD plasma.

No correlation was found between single coagulation fac-
tors (FVIII, fibrinogen) or global tests (RT, TT) and thrombin
generation parameters. This is in accordance with the fact that
thrombin generation is not dependent on a single coagulation
factor but on the interaction of the different factors of hemo-
stasis.

Discussion
In the present report the quality and the thrombin generation

capacity of MB plasma treated with the Theraflex MB plasma
system were investigated.

Thrombin Generation Capacity Of Methylene
Blue-Treated Plasma

As published by others [3, 6, 24, 25], some losses of the
functional activities of the coagulation factors FI, FV, FVIII
and FXI were found. However, the average loss did not ex-
ceed 20% for any of the investigated parameters.

It is known from the literature that MB/light treatment
decreases the level of fibrinogen (Clauss), but not fibrinogen
antigen [9, 26]. In the present study fibrinogen measured by
the Clauss method was significantly decreased by 7% while
the antigen was not affected. This corresponds well with the
prolonged RT and TT by about 12%.

It is proposed that the oxidation of fibrinogen by MB/
light treatment causes an inhibition of the polymerization
of fibrin monomers [27]. The polymerization and gelation
phases of fibrin are affected while the stabilization of the
fibrin clot and fibrinolysis are not influenced [28]. Gener-
ation of a fibrin clot by conversion of fibrinogen to fibrin
is thrombin-mediated [29]. Previous in vitro studies have
demonstrated that the thrombin concentration present at
the time of gelation influences fibrin clot structure [29].
Determination of thrombin generation might therefore be
a valuable indicator for the hemostatic potential of plasma
products.

Transfus Med Hemother 2009;36:122-127 125



Table 2. Parameters of thrombin generation

in FFP before and after MB treatment compared FFP before MB treatment MB-treated plasma SD plasma

to SD plasma given in % of normal plasma (=1 (=16 (=5)

(mean £ SD (range)) AUC 93 +18 (67-142) 95 %20 (69-147) 107 £3 (103-112)
TTP 105 + 14 (72-123) 89 + 9* (72-100) 78.8 + 4% (72-82)
Peak thrombin 94 £11 (76-117) 96 + 12 (78-124) 100 + 3 (97-105)

*p <0.001 compared to untreated FFP (paired t-test).
$p <0.001 compared to untreated FFP (t-test).

Thrombin generation was assayed using a test which moni-
tors the formation of thrombin using a fluorogenic substrate for
thrombin. The substrate itself however influences the thrombin
generation [30]. To compensate for this effect, normal plasma
was determined together with the samples, and results are ex-
pressed as percent of normal plasma, which was set as 100%.

AUC, TTP and peak thrombin concentration were deter-
mined from the thrombogram. The total amount of thrombin
generated, as given by the AUC, was comparable for untreat-
ed, MB-treated and SD plasma. According to the results ob-
tained, the total capacity to generate thrombin is almost iden-
tical for the different plasma types tested.

The kinetics of thrombin formation are reflected by TTP
and peak thrombin concentration. Our measurements showed
a slight decrease of 15% in TTP after MB treatment. Remark-
ably, the time to peak for SD plasma was reduced by 18-28%
compared with a pool of normal plasma. Differences between
MB and SD plasma, however, should not be over-interpreted
given the fact that the plasma originates from different start-
ing material (pool vs. single donor units). The same holds
true for the variations (‘range’) of different parameters. As
untreated FFP and MB plasma are single donor products they
show greater variations in AUC, TTP, and peak thrombin
values compared to SD plasma which is a pool product. The
mean peak thrombin concentrations, however, are compara-
ble for the three plasma products investigated.

Our results are in striking contrast to those of Pock et al.
[14] who reported a decrease of AUC by up to 60% for MB/
light-treated plasma compared with untreated FFP, while SD
plasma showed values comparable with FFP. Similar discrep-
ancies were shown for the kinetics of thrombin generation.
They reported a prolonged lag phase and a decrease in peak
thrombin concentration for MB plasma compared with FFP
and SD plasma. There is no clear-cut explanation for the dis-
crepancies between our results and those of Pock et al. [14].
Though different manufacturing processes are discussed in
the latter report, the source of the MB plasma investigated is
unknown. Furthermore, it is known that thrombin generation
assays show a great variability depending on the reagents and
assay conditions used [31]. The assays applied for analysis dif-
fer in various details. In our opinion an important difference is
that the Technothrombin TGA used by Pock et al. [14] is based
on the relatively efficient substrate Z-Gly-Gly-Arg-AMC [11]
while Boc-Val-Arg-AMC was employed in the present inves-
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tigation. Using the latter substrate, a simplified calibration
procedure can be used [12]. Although variations in assay de-
sign may yield different absolute values, this should not have a
great impact on the overall results, given the fact that samples
before and after MB/light treatment were determined using
the same assay and resulted in minor changes only.

Suitable thrombin generation assays were developed only
very recently. It is suggested that they should be used to deter-
mine states of bleeding disorders or thrombophilia and their
treatment by antithrombotic or hemostatic medication [32].
The relevance of an impaired thrombin generation on the ef-
ficiency and safety of plasma products is unclear. While classi-
cal quality parameters like FVIII are based on the determina-
tion of a single coagulation factor only, thrombin generation
assays might be a valuable indicator for the overall hemostatic
potential of FFP. However, to date there is only very limited
data on thrombin generation in FFP [13, 14]. Lawrie et al. [13]
assessed thrombin generation in FFP prepared under different
conditions. Also Pock et al. [14] determined thrombin genera-
tion parameters in FFP. Data was determined using two dif-
ferent measurement systems, and results are not comparable
between the two studies. Further investigations are necessary
to standardize measurements of thrombin generation [31] and
to establish a threshold for maximum and minimum thrombin
generation for therapeutic plasma products.

The results of the present investigation suggest that there
are no profound differences in the characteristics of thrombin
generation for MB plasma, SD-treated plasma, and untreat-
ed plasma. Variations are within the normal range for single
donor units. Thus, it can be concluded that the quality and
thrombin generation capacity of FFP treated with MB/light
are well preserved.
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