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Identification and Removal of Microbial Contaminants from Herbal Drugs
for Traditional Chinese Medicine Injection
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ABSTRACT: Objective The main aim of the present study was to limit contaminant microbes and their macromolecules
in raw herbal drugs, then decrease TCMIs’ safety problems. Methods A raw herbal drug from underground part (Danshen,
root and rhizome of Salvia miltiorrhiza Bge.) and that from aboveground part(Honghua, flower of Carthamus tinctorius L.) were
introduced. The contaminant microbes were assayed at steps of the mimic process of TCMI manufacturing. Microbes adhered
to raw herbal drugs Honghua or Danshen were collected, and their DNA encoded 16S rRNA (for bacteria) and 18S rRNA (for
fungi) were identified by high—throughput sequencing. The feasibility of removable lipopolysaccharide(LPS) adhered to the raw
drugs was investigated with TAL (Tachypleus Amebocyte Lysate) kits by detecting flushing fluid and the mimic injections.
Results The results showed that both raw drugs were contaminated with microbes, and the abundance of fungi was heavier
than that of bacteria. As a raw herbal drug from aerial part, Honghua contained more bacteria and fungi than Danshen. The
contaminant LPS was able to be largely removed by washing. Conclusion All the results suggested that the contaminant
microbes, especially fungi, and their macromolecular impurities should be taken into account for TCMI manufacturing, and
they were able to be removed largely by washing.
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Traditional Chinese Medicine injection(TCMI) is
a unique preparation for clinical practice in China,
which is made from the extracts of raw natural drugs,
and most of which are herbal drugs. The drug prepa-

M. and widely used in clinic

ration originated in 1940s
in the last decades of 20™ century. There had been
more than 1 000 TCMIs, but most of them were ex—
cluded or forbidden for clinical practice because of
their safety problems, and there are only 132 TCMIs
left approved by China Food and Drug Administration
(cFDA) at present®. According to chemicals and sub—
stances contained, TCMIs can be divided into four
eroups, namely, monomeric injections(containing on—
ly one active compound), active fraction injections
(containing several active compounds shared similar
structure ), single herbal injections (a total extraction
from a natural drug), and multiple herbal injections
(an extraction from multiple natural drugs). In fact,
most TCMIs contained two or more active compounds,
which become a big challenge for pharmaceutical sci-
entists to analyze and evaluate.

TCMIs contain impurities, and the component
contributes little to drugs’ efficacy, but a lot to ad—
verse reactions, especially anaphylactic and anaphy—

s137% Based on their molecular size,

lactoid reaction
the impurities can be grouped into small molecules
and macromolecules, and the latter were usually ne—
glected. According to their sources, macromolecular
impurities can be grouped into endogenous impurities
that come from the raw drug and can not be removed
easily just by processing methods like washing, and
exogenous ones are usually from microbes. Endoge—
nous macromolecular impurities include nucleotides,
proteins and polysaccharides which are essential com-
ponents for herb to grow, and exogenous ones usually
do little to the medicinal herb growing. According to
the modern immunological theory, body’s macro-
molecules should be in place without disturbance of
exogenous ones, and invasive macromolecules are
able to result in innate immune response via pathogen—

associated molecular pattern(PAMP), or damage as—

2

sociated molecular pattern(DAMP) if macromolecules
are similar to the intracellular proteins of the host, or
human'!’ 3!, Moreover, microbes and their macro—
molecules , especially lipopolysaccharide (LPS) are
PAMPs that are able to cause anaphylactic and ana
phylactoid reactions', which became the top safety
problem of TCMI. Therefore, the macromolecular im—
purities should be removed as thoroughly as possible
during the process of TCMI preparation. However,
most raw drugs for TCMI are herbal drugs contami-
nated with microbes, and the hazards were underem—
phasized. The microbes contained in herb can be clas-
sified as virus, bacterium and fungus, and the latter
two are believed to be the main contaminants that
harmful to human health. Therefore, it is needed to
understand the microbes and their macromolecules left
in the herbal drugs. Honghua injection, made from
herbal drug Honghua (flower of Carthamus tinctorius
L., C. tinctorius ), and Danshen injection, made from
Danshen(root and rhizome of Salvia miltiorrhiza Bge.,
S. miltiorrhiza), are representative injections that the
present study concerned. The present study will inves—
tigate the microbes and LPS left in the two raw drugs
for TCMI.
1 MATERIALS AND METHODS
1.1 Materials

Honghua and Danshen for injection preparation
were provided by Shiyao Yinhu Pharmaceutical Co.,
Ltd and identified by the Department of Pharmaceuti—
cal Botany, Yunnan University of Chinese Medicine.
TAL kits (0.125 EU/100 wl) were manufactured by
Zhanjiang A & C Biological Ltd(Zhanjiang, China). E.
Z.N.ATM Mag-Bind Soil DNA Kits were manufactured
by Omega Biotec(Guangzhou, China). Ultrapure water
free of lipopolysacchride was prepared by Milli Q water
purification system manufactured by EMD Millipore
Group(Darmstadt, Germany ). Centrifugal filter devices
(Amincon® Ultra-15) were manufactured by Milli-
pore Corporation (Billerica, USA.). Other reagents of
analytical purity were made in China. Multimicroplate

reader of Infinite 200 pro was manufactured by Tecan
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Group(Berne, Switzerland ). The freeze drier was man—
ufactured by EYELA (Tokyo, Japan). NanoDrop ND-
1000 spectrophotometer was manufactured by Thermo
Scientific( Wilmington, USA.).

1.2 Microbe detection

Raw drugs of 50 g were washed with microbe —
free water for 30 min. The water extraction was made
into powder by a freeze drier. Total DNA from 0.2 g
powder was extracted and purified by the Soil DNA
Kit and dissolved in 70 pL buffer provided by the Soil
DNA Kit. DNA quality and quantity were measured by
the NanoDrop ND—1000 spectrophotometer.

The DNA encoded by bacterial 16S rRNA was
amplified by 25 cycles with primers Bakt_341F
(CCTACGGGNGGCWGCAG) and Bakt_805R (GAC-
TACHVGGGTATCTAATCC)!". The DNA encoded by
fungal 18S rRNA was amplified by 25 cycles with
primers ITS1 —F (CTTGGTCATTTAGAGGAAGTAA)
and ITS2-R(GCTGCGTTCTTCATCGATGC)!. The 5’
end of the primers was designed as adapters for pu-—
rification, which were CCCTACACGACGCTCTTCC-
GATCTG and GACTGGAGTTCCTTGGCACCCGAGA -
ATTCCA, respectively " The purified 16S rRNA and
18S rRNA were assessed by standard agarose gel
electrophoresis. The DNA was sequenced by Sangon
Biotech (Shanghai, China). The amplified sequences
were BLASTed with gene bank. The OTUs(operational
taxonomic units) and copies were recorded according

to the results of BLAST.

1.3 LPS in pre—processing solution

Raw drug of 5 ¢ (Honghua) or 10 g(Danshen)
was put into a 500 mL beaker free of LPS. As soon as
200 mL water was added and mixed, 1 mL water was
sampled (0 min) and another 1 mL was replenished.
Then, the raw drug and water were stirred by a mag—
netic stirrer. The stirred water of 1 ml. was sampled
and new water of the same volume was replenished at
different time.

The LPS in the samples was detected by TAL kits.
If the mixture of 100 pL sample and 100 wL TAL
caused a positive reaction, the sample would be dilut-—
ed two folds with LPS—free water until a negative reac—
tion occurred. The time(s) of dilution just for negative
reaction was recorded to evaluate the level of LPS.

In order to understand the dissolved substances
in the samples from the raw drug, their absorption
curve from 230 to 800 nm was scanned by the multi-
microplate reader with an interval of 2 nm. The area
under the absorption curve (AUC) was calculated
based on trapezoidal method™.

1.4 LPS in mimic injection solution

Honghua injection and Danshen injection were
prepared according to the Quality Standard approved
by ¢FDA, and the mimic injections were also pre—
pared according to modified Quality Standards (Table
1). The sample of every step(Table 1) during prepa—
ration was also obtained for lipopolysaccharide (LPS)

detection.

Table 1 Steps and methods for mimic injection preparation

Method Step 1 the first Step 2 the second Step 3 The third Step 4 Step 5
etho
extraction (500 mL) extraction(400 mL) extraction(400 mL) (100 mL) (100 mL)
A* by routine hot reflux (boiling), namely, added cold water and heating to boiling for 2 h,
1.5 h and for 1.5 h, respectively the
B by heated water, namely, added cold water and heating to boiling temperature without boiling injecllion Injection of
made
C by heated water, namely, added cold water and heating to water of 90 °C from the Step 4 removed
. macromolecules
D by heated water, namely, added cold water and heating to water of 80 °C let:re whose molecular
0 . .
E by heated water, namely, added cold water and heating to water of 70 °C extraction welghltolsKabove
F by boiling water, namely, added boiling water all the time by] St36p
G by water of boiling temperature, namely, added boiling water all the time

* Step 1-4 of Method A was agreed with the Quality Standard of Honghua Injection and Danshen Injection approved by cFDA

3
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Briefly, Honghua of 60 g and Danshen of 150 g
were used. Step 1-4 of Method A was agreed with the
Quality Standard approved by ¢FDA. The colour of the
extract of Step 1-3 of Method B and others was con—
trolled to be very similar to that of Method A of same
volume by adjusting the processing time.

In order to prove the effect of water —washing
pre —processing in removing LPS, the raw drugs
(Honghua of 60 g and Danshen of 150 ¢) were pre—
processed with distilled water (500 mL) for 6 min in
three times. Then, the mimic injection solutions of
Honghua and Danshen were prepared according to
Method A(Table 1).

2 RESULTS

2.1 Abundance of microbes

Extract powder of 7.6 g from raw drug (50 g) of
Honghua and 0.6 g powder from raw drug (50 g) of
Danshen were obtained. The 16S rRNA and 18S rRNA
in the powder were amplified and sequenced. The se—
quencing yielded 1 722 16S rRNA and 1 090 18
rRNA from the extract powder. OTUs of 16S rRNA in
Honghua (1 325) were more than those in Danshen
(636), and OTUs of 18S rRNA in Honghua (623)
were close to those in Danshen (699). According to
the total copies showed in Figure 1A, the flower
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(Honghua) was contaminated with more bacteria and
fungi than the root and rhizome (Danshen, Figure 1A
and Figure 2A). Even further, the copies of 18S
rRNA(Figure 2A) were more than those of 16S rRNA
(Figure 1A) whether in the flower or in the root and
rhizome, suggesting that the contaminant microbes
mainly belonged to fungi rather than bacteria whether
in herb from aerial part or underground part.

Bacteria distributed in raw drugs of Honghua and
Danshen were different whether at phylum (Figure
1B), class (Figure 1C), order (Figure 1D), family
(Figure 1E) or genus(Figure 1F) levels. In Honghua,
the bacteria most frequently detected were belonged to
Proteobacteria,  Alphaproteobacteria,  Rhizobiales,
Rhizobiaceae and Anderseniella at phylum, class, or—
der, family, and genus level, respectively. However,
in Danshen, the bacteria most frequently detected
were belonged to Proteobacteria(similar to Honghua),
Gammaproteobacteria (different from Honghua), En—
terobacteriales (different from Honghua), Enterobac-
teriacae (different from Honghua) and Pseudomonas
(different from Honghua). At the species level, the
top 10 bacterias most frequently identified in Honghua
and Danshen were shown in Table 2. Obviously, the
pattern of bacterial distribution in Danshen was differ—
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Figure 1 Bacteria in raw drugs of Honghua(C. tinctorius ) and Danshen(S. miltiorrhiza )(mean = SD, n=3). The total

abundance of bacteria in the raw drug of 50 g was evaluated based on copies of DNA encoding 16S rRNA(A ). The main

bacteria were evaluated at phylum(B), class(C), order(D), family(E )or genus(F) level.
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Figure 2 Fungi in raw drugs of Honghua(C. tinctorius ) and Danshen(S. miltiorrhiza )(mean = SD, n=3). The total

abundance of fungi in the raw drugs of 50 g was evaluated based on copies of DNA encoding 18S rRNA(A ). The main

fungi were evaluated at phylum(B), class(C), order(D), family(E )or genus(F) level.

Table 2 Top 10 microbes mostly frequently identified at species level identified in Honghua(flower of C. tinctorius )

and Danshen(root and rhizome of S. Miltiorrhizae )(Mean + SD, n=3)*

Bacteria Fungi
Drug Rank
Name Copies Name Copies
1 Anderseniella; uncultured_bacterium 56037+3242 Candida; Candida_sp_VVT_2012 72871+6156
2 Weissella; uncultured_bacterium 28171+2546 Alternaria; Alternaria_destruens 64866+4927
3 Enterobacter; uncultured_bacterium 9525+1089 Mucoraceae; Mucor; Mucor_sp_XAE_159 49235+3863
4 Pantoea; uncultured_bacterium 8537+950 Aureobasidium; Aureobasidium_pullulans ~ 33364+2571
o; 5 Pantoea; uncultured_bacterium 7423+659 Rhodotorula; Rhodotorula_mucilaginosa 27765+2305
E
U;T 6 \Weissella Wef;zlé;p;;‘;;nese“‘emides_ 4041£367  Cladosporium; Cladosporium_sp_1_GP_2013 277402065
7 Tatumella; uncultured_bacterium 3901367 uncultured_Cryptococcus 23332+1710
8 Pseudomonas; uncultured_bacterium 3648317 Cladosporium; Cladosporium_sp_1_GP_2013 161121254
9 Pantoea; uncultured_bacterium 3154+253 Antarctic_fungal_sp_GI1927 8411+722
10 Pseudomonas_sp._Y3(2010) 2711228 Candida_sp_VVT_2012 8297+532
7777777777 | Enterobacter; Pantoea_sp._RAM-D  8166+567  uncultured_soil_fungus  30852:2775
2 Pseudomonas; uncultured_bacterium 6732+546 Alternaria; Alternaria_destruens 6723+573
3 Pantoea; uncultured_bacterium 3906+273 unclassified_Inocybaceae; Inocybaceae_sp 3153+279
4 Pseudomonas; uncultured_bacterium 2592+216 Ophiocordyceps; Ophiocordyceps_sinensis 2643+228
%? 5 Pseudomonas; Pseudomonas_putida 2364+207 Inocybe; Inocybe_sp 2589+213
% 6 Enterobacter; Enterobacter_sp._1(2012) 1842+159 Aspergillus_penicillioides 2406+207
7 Enterobacter;u ncultured_bacterium 1182+90 Fusarium; Fusarium_oxysporum_{_sp_ciceris =~ 2244+192
8 Enterobacter; Pantoea_sp._R4M-D 666+54 unclassified_Inocybaceae; Inocybaceae_sp 1668+150
9 Pseudomonas; uncultured_bacterium 663+51 Rhizoctonia; Rhizoctonia_sp_AG_A 1476+129
10 Enterobacter; uncultured_bacterium 654+51 uncultured_fungus 1476+141

* from 50 g of raw drug



2019 4¢

w PR bR

5 42 %

ent from that in Honghua.

Fungi distributed in raw drugs of Honghua and
Danshen were also different whether at phylum(Figure
2B), class (Figure 2C), order (Figure 2D), family
(Figure 2E )or genus(Figure 2F) levels. In Honghua,
the fungi most frequently detected were belonged to
Ascomycoda, Dothideomycetes, Saccharomycetales,
Saccharomycetales family, Incertae sedis and Saccha-
romycetales family, Incertae sedis at phylum, class,
order, family and genus level, respectively. However,
in Danshen, the fungi most frequently detected were
all belonged to Unclassified fungi (different from
Honghua )whether at phylum, class, order, family or
genus level. At the species level, the top 10 fungi
most frequently identified in Honghua and Danshen
were shown in Table 2. Obviously, the pattern of bac—

terial distribution in Danshen was also different from

that in Honghua.

2.2 LPS in pre—processing solutions

LPS in the pre—processing solutions was detected
by TAL (Tachypleus Amebocyte Lysate) kits. LPS in
the pre—processing solution of Honghua was at a high—
er level than that of Danshen (Figure 3A and 3B).
LPS in pre—processing solution at 0 min (just mixed
with LPS free water )was detectable, and the LPS lev—
el increased as washing time increases. When raw
drugs were pre—processed for 6 min, LPS in Honghua
or Danshen solution arrived at the first plateau. Then,
LPS in Honghua solution arrived at the second plateau
at 18 min, and that in Danshen solution did so at 35
min. The two plateaus suggested that there were two
phases for LPS digested from the raw drugs. LPS di-
gested in the first stage should be mainly from the
surface of raw drugs that adhered to loosely, and that
in the second stage mainly from the surface adhered

to relatively tightly. As for Danshen, strangely, there
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Figure 3 LPS was able to be largely removed at a small cost of active components losing. LPS( A )and total components

(B) based on the area under the absorbance curve in the washing solution were detected. LPS in the mimic TCMI

solution of Honghua injection(C) and Danshen injection(D) with modified methods was detected. LPS in mimic injection

solution started with three times(3 minx 3) of washing followed with Method A was detected(E ). All the data repeated

three times and similar results can be obtained. 2", the diluted times for just the negative TAL( Tachypleus Amebocyte

Lysate )results by double dilution; Step 1-5 and Method A referred to Table 1; OD nm, the area under absorption curve
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was an unaccountable, but really existed peak at 30
min.

Raw herbal drugs contained small molecular
components accounted for their pharmacological ef-
fects, some of which were substances with ultraviolet—
visible absorbance. According to previous study ™,
AUC before the isobestic point of the spectrum can be
used to evaluate the active small molecules. Isosbestic
point of Honghua injection was 480 nm, and that of
Danshen injection was 360 nm . Therefore, the AUC
before 480 nm (from 230 nm to 480 nm of the spec—
turm ) and AUC before 360 nm were calculated. When
washed for a long time, the amount of the micro
molecules with ultraviolet —visible absorbance would
be digested from raw drugs. Since the small molecules
existed in the inner of the raw drug rather than at the
surface, there were no obvious saturation phrases dur—
ing the washing period within 60 min (Figure 3C),
suggesting that microbes and their biomacromolecules
adhered to the raw drugs can be largely removed at a
small cost of their active components losing.

2.3 LPS in mimic injection solutions

LPS in injection is toxic for body, and the sub-
stance could be removed as thoroughly as possible.
The first extract from the raw drugs(Step 1) contained
the most of LPS, and then, the amount of LPS de-
creased step by step (Figure 3C and 3D). However,
the mimic injection at Step 4 still contained small
amount of LPS that positively tested by TAL kits. LSP
was macromolecule that could be removed thoroughly
by an ultra—filter( 10K ) (Figure 3C and 3D, Step 5).

If the raw drugs pre—processed with water of am-
bient temperature (20 °C )washing for 3 min three
times, the amount of LPS in the mimic injection solu—
tion of every step dramatically decreased(Figure 3E).
Not surprisingly, LPS in the mimic injection solutions
at Step 4 and the latter was undetectable(Figure 3E).
3 DISCUSSION

TCMIs are important members of Chinese drug

system for clinical practice and their efficacy are

well-accepted in Chinese mainland. However, events

of TCMI’s adverse reaction occurred in recent
decades made TCMIs face suspicion and blame. Obvi—
ously, impurities, especially macromolecular impuri—
ties were the main reason for the adverse reactions,
because oral TCMs were much safer than TCMIs with
similar formulation. Macromolecules are non —ab-
sorbable substances and can be kept out by gastroin—
testinal barriers™?. Macromolecules in TCMIs could be
derived from the tissue of raw drugs, the contaminant
microbes, and pharmaceutical excipients. Among
them, macromolecules from microbes were the most
dangerous for they can damage body via PAMP path-
way™®L LPS is a wall component of microbes, and can
result in serious innate immune reactions. Therefore,
microbes and their macromolecules remained should
be excluded in TCMIs.

However, the present study found that the main
contaminant microbes in raw herbal drugs were fungi
rather than bacteria, though bacteria were also heavi-
ly contaminated. It can be deduced that the microbes
in flower should be from the air exposed to and those
in root and rhizome should be from the soil they grew.
Honghua, with a huge surface area exposed to the
air, was easy to adhere to floating microbes. There—
fore, the copies of 16S and 185 rRNA in Honghua
were much higher than those in Danshen. Danshen,
with a small surface area exposed to soil, was able to
adhere to soil microbes and quickly arrived at a bal-
ance. Most contaminant bacteria in Honghua were
Anderseniella (belonged to Rhizobiales) and Saccha-
romycelales family, Incertae_sedis (belonged to Sac—
charomycetales). Comparing with Honghua, most
contaminant bacteria in Danshen were soil bacteria
(belonged to Enterobacteriales) and soil fungi (Un—
classified fungi).

The high level of microbes doomed that the raw
flower drug should contain more LPS than raw drugs

from root and rhizome. Without pre —processing, the

mimic injection solutions of Honghua contained higher

7
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level of LPS than those of Danshen. Fortunately, the
contaminant substance was able to be dramatically re—
moved simply by water washing. With water washing
pre —processing, LPS in the injection solution obvi—
ously decreased and even was able to obtain LPS free
injection solutions without ultrafiltration.

Therefore, all the results suggested that the con—
taminant microbes and their macromolecular impuri—
ties should be taken into account for TCMIs manufac—
turing, and pre—processing is an important treatment
in removing them, which would make TCMIs much

safer.
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