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INTRODUCTION

In recent years, the safety of traditional Chinese medicine
injections has attracted a lot of concern and the pyrogen (also
known as bacterial endotoxin'?) reaction is one of the most
common adverse reactions. Since injections directly enter the
blood, medical negligence caused by pyrogen reaction®’
happens every year, bringing a lot of troubles to patients,
enterprises and society. Nowadays the primary method of
removing bacterial endotoxin in drugs is activated carbon
adsorption'*’, so does in injection. However, the activated
carbon has its limitations on the adsorption of bacterial endot-
oxin. During the manufacturing progress of pyrogen removal
from traditional Chinese medicine injections, it was found that
activated carbon saturated adsorption may not be the only
reason for pyrogen overdose.

As a commonly-used adsorbent, activated carbon mainly
depends on VDW (van der Waals’) force of long-carbon chain
to absorb and retain composition in refined handling on
polysaccharides and some macromolecules. Bcause of lipo-
polysaccharide structures of bacterial endotoxin, activated
carbon has a good adsorption effect and the adsorption charac-
teristics are not exclusive. Traditional Chinese medicine
injections with the function of clearing away heat and toxic
materials are commonly used in clinic and because of this
function, rabbit experiments cannot accurately judge the
effect of bacterial endotoxin-removal with activated carbon.
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In this paper, TAL (Tachypleus Amebocyte Lysate) turbidi-
metric kinetic method was applied to guarantee the accuracy
of the test results.

In order to clarify the adsorption characteristics of baicalin
and bacterial endotoxin on the surface of activated carbon
during the removal process, the present study investigated the
activated carbon’s function on different concentrations of
bacterial endotoxin in aqueous solution of baicalin and the
effect on baicalin. The experiments simulated the pyrogen-
removing manufacturing techniques of Shuanghuanglian and
Qingkailing injections containing baicalin and explored the
removal mechanism of activated carbon on bacterial endotoxin.
Meanwhile, ultrafiltration (UF)'*" technique was used to
explore pyrogen removal for different injections containing
baicalin and compare them with activated carbon method.
Based on the effect of the removal of bacterial endotoxin and
baicalin recovery, we provide a pyrogen removal technique
for baicalin aqueous solution and its injections.

EXPERIMENTAL

Extracts of baicalin were made in laboratory. Shuanghuanglian
injections were bought from Harbin Zhenbao Pharmaceutical
Co., Ltd. (Lot. No.: 20100970) and Qingkailing Injections were
bought from Guangdong Yuanda Pharmaceutical Co., Ltd.
(Lot. No.: 1210020).

High performance liquid chromatography (HPLC) was
manufactured by Agilent Technologies Co., Ltd. (Mode: 1100)
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with 4.6 mm x 250 mm Kromasil C,s chromatographic column
with VWD detector (280 nm wavelength) and Agilent Chroma-
tography Workstation to determinate the concentration of
baicalin. The detection condition is listed below: solvent A,
CH;0H and solvent B, 0.4 % phosphoric acid-water (A:B =
47:53). Injection volume: 10 pL, flow rate: 1.0 mL/min.

Bacterial endotoxin standard substances were obtained
from the National Institute for the Control of Pharmaceutical
and Biological Products in China (Lot. No. : 150601-201174,
specifications: 160 EU/Amp). Limulus Amebocyte Lysate
(LAL) (Lot. No.: 1003090, A = 0.03 EU/mL, specifications:
0.6 mL/Amp) and bacterial endotoxin testing water (Lot. No.:
0910190; specifications: 5 mL/Amp) were manufactured by
Zhanjiang Bokang Ocean Creature Co., Ltd. in China. Bacterial
endotoxin indicators used for oven verifying (Lot. No.:
120710; specification: 2500 EU/Amp) were bought from
Xiamen Limulus Experimental Reagents Co., Ltd. bacterial
endotoxin detector was purchased from Tianda Tianfa Techno-
logy Co., Ltd. in China (Mode: BET-16M) was used to detect
bacterial endotoxin concentration.

Two flat membranes with 5 kDa (Cat. No.: P2B0O05A05)
molecular weight cut off MWCO) and 10 kDa MWCO (Cat.
No.: P2B010A05) manufactured by Millipore Co. in USA were
used as the filter media. Injected activated carbon was purchased
from activated carbon factory of Hangzhou Timber Plant (Lot.
No.: 9708-119, specification: HC-732). The pH value of
baicalin aqueous solution was analyzed by pH meter (Sartorius,
PB-10).

Saturated absorption test of activated carbon for
bacterial endotoxin: Three 100 mL aqueous solutions with
50 EU/mL bacterial endotoxin were prepared. According the
regular proportion of activated carbon in the injection prepa-
ration, 0.10, 0.50 and 1 % activated carbon were selected to
adsorb the solutions. 0.1, 0.5 and 1 g activated carbon were
added to the three aqueous solutions and then heated to boiling
for 15-30 min. After being filtered by pyrogen-free micro-
filtration membrane, 0.10, 0.50 and 1 % filtrate were obtained.
The content of bacterial endotoxin in the filtrate can be tested
by the BET method.

Saturated absorption test of activated carbon for
baicalin aqueous solution: Proper amount of baicalin powder
was used to prepare three 100 mL aqueous solutions of 5.0
mg/mL was adjusted to pH 7.5 using 0.1 % NaOH solution by
pH meter. Activated carbon with 0.10, 0.50 and 1 % three
concentrations were added to the baicalin aqueous solutions
using the same methods to adsorb the solutions, thus baicalin
filtrate of the three different concentrations of activated carbon
were prepared. HPLC was applied to detect the content of
baicalin in the filtrate.

Experiment of activated carbon adsorption of baicalin
contaminated by bacterial endotoxin: Three 5 mg/mL
baicalin aqueous solutions of pH 7.5 were added bacterial
endotoxin to make baicalin stock solutions, which were then
added 0.10, 0.50 and 1.00 % activated carbon. We used the
same methods to adsorb the three kinds of baicalin aqueous
solution with activated carbon and took the filtrate. The
removal rate of bacterial endotoxin was calculated according
toeqn. 1 and the recovery of baicalin was calculated according
to eqn. 2.

C,-C
Q%) =———"

x100 % (1)
S
where Q was the removal rate of bacterial endotoxin, Cs was
the concentration of bacterial endotoxin in stock solution (EU/
mL), C; was the concentration of bacterial endotoxin in filtrate
(EU/mL).
R (%) Ci x100 %
0)— 0
C @)

’
S

where R was the recovery of baicalin, C’¢ was the concentration
of baicalin in filtrate; C’was the concentration of baicalin in
stock solution.

Injection test: According to the manufacturing technique
of Qingkailing and shuanghuanglian injections recorded in
China Pharmacopoeia (CP)", 0.5 % activated carbon was
selected to remove the pyrogen. Addition of bacterial endotoxin
was applied to model sudden contamination of bacterial
endotoxin in the injections. We also used the same methods to
adsorb the two solutions. The removal efficiency of bacterial
endotoxin and the recovery of baicalin were calculated by eqns.
1 and 2.

Experiment of bacterial endotoxin in baicalin aqueous
solution removed by ultrafiltration: Proper amount of
baicalin aqueous solutions of pH 7.5 were filtrated by Millipore
membranes (MWCO = 5 kDa, 10 kDa), respectively, after
which the filtrate were sampled to calculate the removal effi-
ciency of bacterial endotoxin and the recovery of baicalin using
eqns. 1 and 2 above.

Detection of bacterial endotoxin: Bacterial endotoxin
test was carried out by turbidity method according to CP'. In
brief, a standard substance (160 EU/mL) was diluted to 2.0,
0.5, 0.125 and 0.03125 EU/mL. A 100 pL portion of each
dilution was mixed with the same volume of a LAL according
to the manufacturer’s instructions. The reaction mixtures were
incubated at 37 °C and monitored optical density (OD) at the
same time. The time to reach a designated turbidity (OD: 0.02)
of the reaction mixtures was measured by BET-16M.

Analyses of the series samples were performed using least
square method, the relationship between bacterial endotoxin
concentration and reaction time was as follows:

log T=2.988 -0.319 log C 3)

where T was reaction time, s. C was bacterial endotoxin concen-
tration, EU/mL. The related coefficient r =-0.9929, therefore,
the bacterial endotoxin concentration of stock solution and
filtrate was calculated by eqn. 3.

RESULTS AND DISCUSSION

Bacterial endotoxin adsorption by activated carbon
experiment: After decarburizing by the pyrogen-free
microfiltration membrane, with the concentrations of activated
carbon increased from 0.10 % to 0.50 % and 1.00 %, the
bacterial endotoxin contents in the filtrate were decreased from
50.0to 1.0, 0.6 and 0.3 EU/mL, respectively (Fig. 1). It meant
that activated carbon may remove bacterial endotoxin in the
solutions by adsorption and the removal efficiency was posi-
tively correlated with the dose of activated carbon.
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Fig. 1. Bacterial endotoxin adsorption curves with activated carbon

Baicalin adsorption by activated carbon experiment:
Afterusing 0.10 and 0.50 % activated carbon, the concentrations
of baicalin aqueous solution slightly decreased from the initial
5.0to 4.5 and 3.8 mg/mL, respectively. Adsorbed by 1 % acti-
vated carbon, baicalin concentration was obviously decreased
to 2.7 mg/mL (Fig. 2). It showed that there was a certain
adsorption dose-effect correlation between baicalin and
activated carbon.
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Fig. 2. Baicalin adsorption curve with activated carbon

Adsorption of baicalin contaminated by bacterial
endotoxin by activated carbon experiment: Through
analyzing the efficiency of activated carbon with different
concentrations to remove bacterial endotoxin, it showed that
when the concentration of bacterial endotoxin was 11.3 EU/mL,
with the increase amount of activated carbon, the efficiency
ranged from 67.2 % to 89.5 %. However, the baicalin recovery
dropped with the increase of activated carbon concentration.
When activated carbon concentration was 1.0 %, the loss of
baicalin reached almost 60 % (Table-1 and Fig. 3a).

TABLE-1
EFFICIENCY OF ACTIVATED CARBON TO
REMOVE BE AND THE BAICALIN RECOVERY

Activated Concentration of BE BE removal  Baicalin

carbon (EU/mL) efficiency recovery
ratio (%) Stock solution Filtrate (%) (%)
0.10 3.60 67.3 86.6
0.50 11.3 1.95 82.3 67.8
1.00 1.15 89.5 43.1
0.10 7.72 80.2 90.8
0.50 39.6 3.24 91.7 73.1
1.00 1.72 95.6 51.3

B BE removal efficiency (%)
[ Baicalin recovery (%)

100
90 4 @

60 4
50 1
40 -
30 A
20 A
10 +

0.1 0.5 1.0
Activated carbon concentration (%)

Bl BE removal efficiency (%)
[l Baicalin recovery (%)

100
90 4

80 -
70 -
60 -
50 -
40 -
30 A
20 1
10

0.1 0.5 1.0
Activated carbon concentration (%)

Fig. 3. Bacterial endotoxin removal efficiency and baicalin recovery with
activated carbon. (a) bacterial endotoxin concentration was 11.3
EU/mL; (b) bacterial endotoxin concentration was 39.6 EU/mL

Under severe bacterial endotoxin contamination in the
baicalin aqueous solutions, the bacterial endotoxin removal
rates of 0.10, 0.50 and 1.00 % activated carbon were 80.2,
91.7 and 95.6 %, respectively. And the corresponding baicalin
recovery rose at the same time, ranging from 51.3 % t0 90.8 %
and (Table-1 and Fig. 3b).

With the increase of activated carbon concentration, the
bacterial endotoxin removal rate rose, but the baicalin recovery
decreased gradually. When the bacterial endotoxin concen-
tration rose up from 11.3 to 39.6 EU/mL, the baicalin recovery
increased correspondingly. It meant that the increase of bacterial
endotoxin concentration in the activated carbon particles surface
may help activated carbon reduce the baicalin adsorption, that
is to say, there was a competitive adsorption between bacterial
endotoxin and baicalin on the surface of activated carbon
particles. Therefore, when the baicalin aqueous solution was
contaminated by bacterial endotoxin, removing bacterial
endotoxin by activated carbon adsorption may be difficult to
achieve the expected results and may not ensure the safety of
the baicalin filtrate.

There is a conjugated system in the baicalin structure.
Bacterial endotoxin structure is long-chain. The baicalin and
bacterial endotoxin are absorbed together for strong van der
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Waal’s force when they are on the surface of the activated
carbon particles. Therefore, when baicalin and bacterial
endotoxin exist on the surface of the activated carbon particles
at the same time, due to competitive adsorption, baicalin loses
dramatically and bacterial endotoxin cannot be completely
removed.

Injection test: According to the current production process
of Shuanghuanglian injection and Qingkailing ionjection, 0.5
% activated carbon was applied to remove bacterial endotoxin.
Results shown in Table-2 found that the contents of bacterial
endotoxin in Shuanghuanglian and Qingkailing injection
accidentally contaminated by pyrogen were all above 6.0 EU/
mL after the adsorption by activated carbon. The content of
bacterial endotoxin in Shuanghuanglian injection was higher
than the safe limit value 2.5 EU/mL, while that in Qingkailing
injection was in the safe range. Both of the baicalin recovery
were less than 80 %, significantly. Therefore, during the
production process of injections which contain baicalin, when
bacterial endotoxin content was low in stock solution, adsor-
ption by activated carbon may be effective and could ensure
the safety. However, with moderate or severe pyrogen conta-
mination, using activated carbon cannot completely remove
bacterial endotoxin. Consequently, through this study, it is
easily found that it may not be suitable for activated carbon to
adsorb pyrogen in the injections which contain baicalin.

TABLE-2
EFFICIENCY OF ACTIVATED CARBON TO REMOVE
BE AND THE BAICALIN RECOVERY IN INJECTIONS

Concentration of BE L
BE removal  Baicalin

Injection (EU/mL) efficiency  recovery
Sock  pijae (%) (%)
solution
Shuanghuanglian 432 6.00 86.1 753
Qingkailing 45.6 7.80 82.9 79.2

Bacterial endotoxin removal of baicalin aqueous solu-
tions by ultrafiltration: The concentration of additional
bacterial endotoxin in baicalin aqueous solution was 70.6 EU/
mL. After filtrated by ultrafiltration membranes whose
molecular weight cut off were respectively 5 and 10 kDa, the
bacterial endotoxin removal rates were all over 99.0 % and
the bacterial endotoxin concentrations in the filtrate were
below the safe limit value (Table-3). 10 kDa ultrafiltration
membrane may ensure the bacterial endotoxin removal rate
and effectively maintain baicalin concentration whose loss was
less than 6.0 % at the same time.

TABLE-3
REMOVAL EFFICIENCY OF BE BY
UF AND THE BAICALIN RECOVERY

menlﬂ)jiane Concentration of BE BE removal  Baicalin
MWCO (EU/mL) efficiency recovery
(kDa) Stock solution Filtrate (%) (%)
5 70.6 ifr‘;it ~100% 526

10 70.6 0.58 99.2 94.3

In addition, ultrafiltration technique may not be affected
by baicalin content in the filtrating progress because of mem-
brane pore sieving. So ultrafiltration may ensure the pyrogen
removal efficiency and the content of baicalin and meet the
requirement of injection safety production.

Conclusion

As the extraction, purification and preparation process of
traditional Chinese medicine injections is complicated and long
with poor controllability, changes of these environmental
factors may lead to over-standard of pyrogen in some batches
injections, so that they affect injection safety. If pyrogen
contamination suddenly occurs during the production process
and bacterial endotoxin content is too high in the stock solution,
itis difficult to maintain a safe content range of pyrogen in the
injections by applying activated carbon with conventional
ratio.

Due to the limitations of saturated and competitive adsor-
ption, when we eliminate pyrogen in the solutions containing
baicalin and similar structures by adsorption with activated
carbon, it may not ensure the removal efficiency. However,
according to differences in molecular weight of drug ingre-
dients and pyrogen, ultrafiltration technique can overcome the
above limitations and eliminate pyrogen in the injections
containing baicalin. Hence, ultrafiltration has its unique
advantages by membrane pore sieving technology.
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