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Abstract

It has been shown that near all organs, especially the cardiovascular system, are affected by bacterial lipopolysaccharide
via the activation of Toll-like receptor signaling pathways. Here, we tried to find the blunting effect of bacterial lipase on
lipopolysaccharide (LPS)-induced cardiac tissue toxicity in chicken embryos. 7-day fertilized chicken eggs were divided
randomly into different groups as follows; Control, Normal Saline, LPS (0.1, 0.5 and 1 mg/kbw), and LPS (0.1, 0.5 and
1 mg/kbw) plus 5 mg/ml Lipase. On day 17, the hearts were sampled. The expression of genes such as GATA4, NKX2.5,
EGFR, TRIF, and NF-KB was monitored using real-time PCR analysis. Using western blotting, we measured NF-KB protein
level. Total antioxidant capacity, glutathione peroxidase, and Catalase activity were also studied. Microvascular density and
anterior wall thickness were monitored in histological samples using H&E staining. High dose of LPS (1 mg/kbw) increased
the expression of TRIF but not NF-KB compared to the control group (p < 0.05). We found a statistically significant reduction
in groups that received LPS + Lipase compared to the control and LPS groups (p < 0.05). Western blotting revealed that the
injection of Lipase could reduce LPS-induced NF-KB compared to the control group (p < 0.05). The expression of GATA4,
NKx2.5, and EGFR was not altered in the LPS group, while the simultaneous application of LPS and Lipase significantly
reduced GATA4, NKx2.5, and EGFR levels below the control (p <0.05). We found non-significant differences in glutathione
peroxidase, and Catalase activity in all groups (p >0.05), while total antioxidant capacity was increased in groups that
received LPS + Lipase. Anterior wall thickness was diminished in LPS groups and the use of both lipase and LPS returned
near-to-control values (p <0.05). Despite a slight increase in microvascular density, we found statistically non-significant
differences in all groups (p > 0.05). Bacterial lipase reduces detrimental effects of LPS on chicken embryo heart induced via
Toll-like receptor signaling pathway.
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Introduction

Pregnancy is a unique period in which a single cell embryo
develops into a multi-organ organism [1]. Embryonic
development normally occurs during the pre and post-
implantation period until birth. Because of embryo expo-
sure to non-genetic and environmental risk factors such as
infectious agents and pathogens, it is postulated that these
conditions can lead to the lack of embryonic growth and
development [2, 3]. Noteworthy, very early weeks of ges-
tation period are considered the most critical times as any
distracting factors can later cause irreversible anatomical
abnormalities and structural birth defects known as tera-
togenesis [2, 3]. Within the uterus, the crosstalk between
the mother and the embryo is disturbed due to the presence
of inflammation and infectious pathogens [4]. Lipopoly-
saccharide (LPS) is Gram-negative bacteria endotoxin
and the main component of the outer membranes. LPS
has a molecular weight of more than 100 kD and consists
of three components including a lipid A, core oligosac-
charide, and hydrophilic polysaccharide named O antigen
[5]. Lipid A is composed of a phosphorylated N-acetyl
glucosamine dimer attached to 6 or 7 fatty acids [6]. In
the structure of O antigen, 3 to 5 sugars are detectable.
All of these structures participate in LPS bioactivities in
in vivo conditions. It was suggested that the lipid A por-
tion of LPS can lead to toxicity, while O antigen provokes
the immune-related responses and immunogenicity [6].
LPS is shown to play a critical role in the pathogenesis
of bacterial infections and confronts the host defense sys-
tem [7]. High concentrations of LPS may lead to systemic
sepsis that targets all organs, especially the cardiovascular
system [5, 8—11]. The activation of both humoral and cel-
lular immunities can lead to the detoxification of LPS via
enzymatic degradation or complement-base activity [12].
Besides, blood can neutralize the effects of circulating LPS
and limit the distribution of LPS to the remote sites. For
instance, it has been shown that serum factors such as
apolipoproteins, lipoproteins, and LPS-transferring pro-
teins [LPS-binding protein (LBP), soluble CD14 and phos-
pholipid transfer protein] can attach LPS [13]. Upon the
activation of immune system, serum levels of pro-inflam-
matory cytokines such as tumor necrosis factor (TNF-a),
interleukin-1 (IL-1), and -6 are elevated [5, 7]. It has been
confirmed that wide types of plasma membrane receptors
such as pathogen-associated molecular patterns (PAMPs),
LBP, CD14, MD-2, and TLR4 are actively involved in the
identification of LPS [8, 14]. To this end, the inhibition of
LPS activity is an important therapeutic strategy to reduce
Gram-negative infection complications [5]. To the best of
our knowledge, different aspects of LPS activity have not
been fully investigated during the gestation period.
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Lipases (triacylglycerol acyl hydrolase) can hydrolyze
carboxyl ester bonds in triacylglycerol [15]. The most
important of commercial microbial lipases are produced by
bacteria [16]. In an experiment conducted by our group, we
found that bacterial lipase can reduce the detrimental effect
of LPS on rat cardiomyoblasts in in vitro culture system
[17].

In this study, the chicken embryo was used as a labora-
tory-animal model to assess the possible effect of LPS on
cardiac tissue. We further analyzed the blunting effect of
bacterial lipase on LPS-induced cardiac injury in the chicken
embryos. LPS and lipase were injected into the albumen sec-
tion and cardiac tissue was assessed in pre-hatched condition
by histological examination and monitoring the expression
of different genes participate in the inflammatory response
(TRIF and NF-KB) and the development of cardiomyocytes
(i.e., GATA4, NKvx2.5, and EGFR).

Materials and Methods
Chicken Embryo and Ethical Issue

All the experiments conducted in this project were approved
by the Local Ethics Committee of Tabriz University of Med-
ical Sciences (IR.TBZMED.VCR.REC.1397.082). Ferti-
lized chicken eggs (Ross strain) were purchased from Local
Chicken Hatcher Incubator Company and transferred to the
laboratory in an enclosed container. After sterilization using
70% EtOH, eggs were immediately placed in an automatic
hatcher incubator instrument set (Easy-Bator 1, Automatic
Incubator, Urmia, Iran) at 60% humidity and 38 °C.

LPS and Lipase Stock Preparation

We purchased E. Coli LPS (Cat no: L2880; Sigma-Aldrich)
and Lipase from Pseudomonas cepacia (Cat no: 62309;
Sigma-Aldrich). Both LPS and Lipase were dissolved in
sterile normal saline and aliquots were stored at — 80 °C until
use. LPS was injected into the 7-day fertilized eggs at final
concentrations of 0.1 and 1 mg/kbw. In groups that received
the combination of LPS and Lipase, different doses of LPS
were co-incubated with 5 mg/ml Lipase at 38°C overnight
to inactivate the LPS.

Inoculation of LPS and LPS + Lipase

At the first 7 days of incubation inside an automatic
hatcher incubator instrument set, fertilized eggs were
divided randomly into different groups (each in 6 eggs)
as follows; Control, Normal saline (Vehicle), LPS (0.1
and 1 mg/kbw), and LPS (0.1 and 1 mg/kbw) + Lipase
(5 mg/ml). Before injection, the surface of the eggs was
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disinfected using 70% EtOH. Then, a small hole was
generated at the site of injection using a sterile needle
gauge 20. In ovo injection volume was near 100 pl sol-
vent per egg. After the completion of the injection, the
hole was sealed properly using melted paraffin drops, and
eggs were immediately transferred into the incubator and
maintained for additional 10 days.

Real-Time PCR Analysis

16-day-old chicken embryos were euthanized humanely
and cardiac tissues were sampled under sterile conditions.
On this basis, hearts were washed in sterile phosphate-
buffered saline (PBS) and used for histological exami-
nation, gene expression analysis, and western blotting.
For gene expression assay, RNA extraction was done in
the heart samples using an RNA extraction kit (Cat No:
FABRKO0O01; Yektatajhiz Co.) according to the instruc-
tions given by the manufacturer. The quality and con-
centration of RNAs were assessed using the Picodrop
spectrophotometer system (Model No: PICOPETO1) and
reverse-transcribed to cDNA (Cat. No: YT4500; Yektata-
jhiz kit). Gallus gallus species-specific primers such as
GATAA4, NKx2.5, EGFR, TRIF, and NF-KB were designed
using online software (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/) and purchased from Metabion, Ger-
many (Table 1). The expression of each gene was calcu-
lated based on the 2722€T method after normalization to
GAPDH. In this study, PCR reactions were performed in
45 cycles of 95 °C for 10 s (denaturation), 60 or 62 °C
for 10 s (annealing), and 72 °C for 10 s (extension) using
Roche LightCycler96 instrument. All the PCR reactions

Table 1 List of primers

were performed with three biologically related samples
for each group in two replicates.

Hematoxylin-Eosin Staining

To this end, heart samples were fixed in 10% formalin
solution and embedded in paraffin blocks. Thereafter,
5-pm thick sections were prepared using Leica microtome
system and stained with Hematoxylin and Eosin (H&E)
solution. In this study, the existence of inflammatory
responses, cardiomyocytes were monitored in left ven-
tricles. To assess microvascular intensity, the number of
microvesicles was randomly counted in 10-high-power
fields. We also measured average anterior wall thickness
randomly in four to five points per slide using Imagel
software (version 1.4, NIH) and results were compared
among the groups. Left ventricle/slide section area was

also calculated and expressed as mm?.

Measuring Antioxidant Capacity

To assess whether in ovo injection of LPS and LPS + Lipase
alter the oxidative status in chicken hearts, we measured the
total activity of Catalase (Cat no: 707002; Cayman Chemi-
cal Company), Glutathione peroxidase (GPx, Cat No: RS
504, Randox laboratories, UK) and total antioxidant capac-
ity (TAC, Cat No: NX 2332, Randox). Heart samples were
lysed using protein lysis buffer consisted of 150 mM NaCl,
0.1% SDS, 50 mM Tris—HCI, 2 mM EDTA, and 1% NP-40
enriched with an anti-protease cocktail. TAC was calculated
using the following formula:

Genes Name and accession number Sequence Anneal-
ing ™
°C

GATA4 NM_001293106.1 Gallus gallus GATA binding protein 4 (GATA4) F1: TGAAATGGCCACCACTTGGA 60

R1: AGTTGACACATTCTCGCCCT
NKX2.5 NM_205164.1 Gallus gallus NK2 homeobox 5 (NKX2-5) F1: AGGATTCCAAGGCGGACAAG 60
R1: TTGAGAAAAGAGGACGCGGG
EGFR NM_205497.2 Gallus gallus epidermal growth factor receptor (EGFR) F1: GTGACATTTGGGTCCAAGCCTA 60
R1: CGGCTGTCTGCATCAATCA
TRIF NM_001081506.1 Gallus gallus toll-like receptor adaptor molecule 1 F1: GTGGAAGCATCATTGGCACC 60
(TICAM1) R2: TCCTTGATGCGACAGGCAAT
NF-KB C-rel NM_001167726.1 Gallus gallus REL proto-oncogene, NF-kB subunit F1: ATCACAGAACCCATCACGGTC 62
(REL) R1: CAGCGTTGATCTTTGCCTT
GAPDH NM_204305.1 Gallus gallus glyceraldehyde-3-phosphate dehydrogenase F1: GCAGCAGGAACACTATAAAGGC 60

(GAPDH)

RI:ATTGATGGCCACCACTTGGA

Fforward, Rreverse
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[TAC = Concentration of the Standard X (A 4 Blank—A ASample) / (A Blank—A S tan dard)]

where A, stands for adsorption at t,, A, is the adsorption
at t;, and A, is the values of difference in adsorption time
between t, and t;. The TAC values were presented as mM.
The levels of GPx and Cat were also measured in protein
lysates using Randox kit according to the manufacturer’s
instruction. Both Cat and GPx levels are expressed as [U/
mg of protein.

Western Blotting

We performed western blotting to measure protein levels
of NF-xB in chicken embryo cardiac samples exposed to
LPS and LPS + Lipase. For this purpose, the protein lysates
from different groups were electrophoresed on 10% SDS-
PAGE and transferred onto the PVDF membrane. There-
after, the membranes were blocked using 1% bovine serum
albumin (BSA, Cat No: A7906, Sigma) and incubated

with anti-NF-kB antibody (Cat No: sc-8008: Santa Cruz
Biotechnology, Inc.) at 4°C overnight. After three washes
with TBS-T solution, membranes were exposed to HRP-
conjugated mouse anti-rabbit secondary antibody (Cat no:
sc-2357; Santa Cruz Biotechnology, Inc.) for 1 h at room
temperature followed by three-time TBS-T washes (each
for 10 min). To visualize the immunoreactive bands, ECL
solution (Cat no: 84785, Thermo Scientific) and X-ray films
were used. The density of each immunoreactive band was
calculated using ImagelJ software. -actin (Cat no: sc-47778;
Santa Cruz Biotechnology, Inc.) was used as an internal
housekeeping protein.

Statistical Analysis
All data are presented as mean + SD. The statistical differ-

ence between the groups was found by One-way analysis
of variance (ANOVA) with the post hoc test of LSD using
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Fig.1 Real-time PCR analysis of GATA4, NKx2.5, NF-kB, EGFR,
and TRIF genes following treatment with LPS and LPS plus Lipase.
Fertilized chicken eggs were injected with different doses of LPS (0.1
and 1 mg/kbw) and LPS (0.1 and 1 mg/kbw) plus Lipase (5 mg/ml).
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GAPDH was used as a housekeeping gene. All data are presented as
mean+SD. One-way analysis of variance (ANOVA) with the post
hoc test of LSD.*p <0.05; **p <0.01 (n=3)
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GraphPad software (Version 8.0.2). p values below 0.05
were considered statistically significant.

Results

Transcript Levels Related to Inflammation have
Elevation Following LPS Treatment

The expression of genes involved in cardiac development
and inflammatory response was monitored after in ovo injec-
tion of LPS and LPS plus Lipase. According to our data,
the injection of different doses of LPS, 0.1 and 1 mg/kbw,
did not significantly alter the expression of EGFR, GATAA4,
and NKx2.5 compared to the control and vehicle groups
(p>0.05; Fig. 1a, b, and d). Interestingly, the combination
of LPS and Lipase down-regulated significantly the expres-
sion of these genes and reached below the control levels
(p<0.05; Fig. 1a, b, and d). We also found statistically sig-
nificant differences in the expression of EGFR, GATA4, and
NKx2.5 between the LPS and LPS plus Lipase (p <0.05;
Fig. 1a, b, and d). To assess the modulatory effect of LPS
on the cardiomyocytes via the toll-like receptor signaling
pathway, we monitored the expression of NF-KB and TRIF.
Data showed that neither a higher dose of LPS 1 mg/kbw
nor a low concentration of 0.1 mg/kbw can alter the expres-
sion of NF-KB, 10 days after in ovo injection of LPS. Again,
we found that the combination of Lipase with higher doses
of LPS reduced significantly NF-KB expression as com-
pared with the control and control-matched LPS groups
(p <0.05; Fig. 1c). Based on our data, injection of LPS into
fertilized eggs induced the expression of TRIF in the group
that received 1 mg/kbw LPS compared to the control group
(p <0.05). We found that the pre-conditioning of LPS in the
presence of Lipase neutralized these effects in which the
expression of TRIF near-to-control levels (Fig. 1e).

Histopathological Examination Revealed Focal
Tissue Injury and Inflammation

Histopathological examination revealed the adverse effects
of LPS on chicken cardiac tissue 10 days after in ovo injec-
tion (Fig. 2a). We found focal to massive hemorrhagic foci
in the group that received 1 mg/kbw LPS, while these effects
were less in the chicken embryo that received 0.1 mg/kbw
LPS. Necrotic changes and prominent interstitial edema
were evident after injection of 1 mg/kbw LPS and these
values were less in the 0.1 mg/kbw LPS group. Of note,
overnight pre-treatment of LPS with Lipase neutralized
LPS toxicity on the cardiac tissue in which all pathologi-
cal indices like necrotic changes and focal hyperemia and
inflammation were removed. Monitoring the microvascular
density revealed a lack of statistically significant differences.

Although the number of microvessels/high power field was
increased in 1 mg/kbw groups these changes remained sta-
tistically non-significant (Fig. 2b).

LPS plus Lipase Reversed LPS-Induced Anterior Wall
Thickness Alteration

Left ventricular anterior wall thickness of chicken embryo
heart was analyzed in LPS and LPS + Lipase groups (Fig. 3a,
b). According to our data, all concentrations of LPS includ-
ing 0.1 and 1 mg/kbw decreased the anterior wall thick-
ness compared to Control and vehicle groups (p > 0.05;
Fig. 3a, b). The deactivated Lipase did not alter chicken
embryo cardiac anterior wall thickness as well as compared
to the Control group (p >0.05; Fig. 3a, b). We noted that the
combination of LPS and Lipase did not alter significantly
the anterior wall thickness compared to the Control group
(p>0.05; Fig. 3a, b). To be specific, statistically significant
differences were obtained regarding anterior wall thickness
between the LPS and LPS plus Lipase groups (p <0.05).
Measuring left ventricle/slide section area revealed the lack
of statistically significant differences between the groups
(p>0.05; Fig. 3c).These data showed that Lipase could blunt
the detrimental effects of LPS on left ventricle wall thickness
in the model of the chicken embryo.

Lipase Increased LPS-Induced TAC Reduction
in Chicken Embryos

Data showed that neither Cat nor GPx activity was not
altered significantly in LPS and LPS plus Lipase com-
pared to the Control group (p > 0.05; Fig. 4a). Similarly,
we found that 10-day incubation of chicken embryos with
LPS did not alter the heart TAC, while in groups that
received LPS + Lipase, a significant increase of TAC was
evident compared to the Control group (p <0.05; Fig. 4a).
We noted that these effects were more evident in the 1 mg/
kbw LPS + Lipase group rather than the 0.1 mg/kbw
LPS + Lipase group.

NF-KB P65 Protein Level was Altered Following
Treatment with LPS and LPS Plus Lipase

Unlike real-time PCR analysis, we found significant alter-
ation of NF-KB P65 protein in groups that received LPS
alone or the combination of LPS and Lipase (Fig. 4b, c).
According to our data, the protein level of NF-KB P65 was
significantly increased in groups received 0.1 and 1 mg/kbw
LPS compared to the Control group (p <0.05). Overnight
incubation of LPS with bacterial Lipase did decrease the
intracellular NF-KB P65 and reached near-to-normal levels
(Fig. 4b, c). As a correlate, it seems that Lipase can blunt the
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Fig.2 Hematoxylin and Eosin (H&E) staining of the heart tissue (a); and microvascular density of the heart tissue (b; n=10-high-power fields)
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Fig.3 Heart left ventricular anterior wall thickness (a); quantification
of anterior wall thickness (b; n=6); and calculation of left ventricle
per slide section area (mm?). All data are presented as mean +SD.

stimulatory effect of LPS on NF-KB P65 in chicken embryo
chicken hearts.

Discussion

In the current experiment, we tried to address the detrimen-
tal effect of bacterial LPS on the development of chicken
embryo heart and inflammatory response. Whether bacterial
Lipase can neutralize LPS effects was also the subject of this
study. It has been shown that LPS can exert its effect on the
target cells using Toll-like receptors (TLR) [14, 18]. The
activation of TLR subsets like TLR4 along with co-recep-
tor namely MD-2 triggers downstream signaling effectors
mainly nuclear NF-xB [14]. It is believed that the binding of
LPS to TLR4 leads to the activation of two distinct signaling
cascades TRIF and MyD88 [19, 20]. These pathways end
with the engaging of nuclear factors such as NF-kB which
is involved in the production of pro-inflammatory cytokines,
apoptosis, and cell survival factors [21]. The overactivation
of TLRs receptors has been documented during sepsis and
endotoxemia, contributing to cardiac dysfunction [9].

One-way analysis of variance (ANOVA) with the post hoc test of
LSD.*p <0.05; **p <0.01.; ¥*¥*p <0.001; ****p <0.0001

Here, we noted that in ovo injection of LPS did not alter
the expression of genes such as EGFR, GATA4, and NKx2.5
in chicken embryo hearts after 10 days compared to the con-
trol embryos. Interestingly, the expression of these genes
was significantly suppressed in groups that received LPS
plus Lipase. Under the physiological condition, Nkx2.5,
GATA4, EGFR, and BMP2 along with other factors such
as Tbx20 can promote the activation of certain factors par-
ticipating in cardiogenic differentiation [22]. Overactivation
of GATAA4 is closely associated with heart failure [23]. The
absence of GATA4 activation and non-significant changes
in the expression of EGFR and NKx2.5 showed that LPS
could not influence cardiogenic differentiation and matu-
ration in chicken embryos after 10 days. As expected, we
found non-significant differences in the expression NF-kB. It
is thought that GATA4 is an upstream factor of NF-kB [24].
Monitoring the expression of TRIF and protein levels of
NF-«kB showed that LPS could induce TRIF and NF-xB and
these effects were reversed when the combination of LPS
plus Lipase was used. Consistent with the current data, Li
and co-workers confirmed that LPS increases the expression
of NF-KB protein in rat cardiomyoblasts HOC2 cells [25]. It

@ Springer



Cardiovascular Toxicology

0.2+

mM/Lit
e 14
o -
1 1
U/mg protein
T T T

AN N N . »
.60 Qr Q@ V\Q \,\Q 'éo Q-
000 Q"o NI AN & Q%
A% (OQ' Q% (RN,
L
A%

GPX Catalase
3_
£
2 2+
°
S
o
(2]
£ 14
=]
N o AN LN N .
Qe V\Q V\Q ({éo %Q. Qg x\>Q x\Q
VN NT [N S I NN
PARR & e AR &
& &
c .
3- * %
f %* %k !
* %

N
1

-
1

Relative density (NF-kB/B-actin)

o
L

>
O )
& &
[€) A%

Fig.4 Analysis of TAC, GPx, and Catalase enzyme levels (a; n=3); and protein levels of NF-KB and P65 (b—c; n=3). All data are presented as
mean + SD. One-way analysis of variance (ANOVA) with the post hoc test of LSD.*p <0.05; **p <0.01.; ***p <0.001

seems that overnight incubation of LPS with Lipase leads
to structural alteration and possibly loss of LPS affinity to
the TLRs. In a support of this claim, it has been shown that
splenic and hepatic macrophages (Kupffer cells) can neu-
tralize bacterial LPS by the elimination of lipid acyl chains
[26]. In an experiment conducted by Mamipour et al., they
found that bacterial lipase can alter the composition of fatty
acids in the lipid A structure [17]. Along with these com-
ments, one could hypothesize that the incubation of LPS
with Lipase can eliminate Lipid A and decrease the LPS-
TLR binding, preventing the activation of the downstream
signaling pathway. How the combination of LPS and Lipase
suppressed the expression of EGFR, GATA4, and NKx2.5
needs more investigations.

We also found that the injection of LPS led to patho-
logical changes in the embryos hearts indicated with

@ Springer

massive hemorrhagic foci and necrotic changes. Again,
these effects were removed in LPS plus Lipase groups.
Despite the increase of NF-KB, the activity of GPx and
Cat did not alter. Zhen and co-workers found that LPS can
induce focal coagulative necrosis, interstitial edema, and
prominent fibrosis [27]. We also found that the TAC did
not change significantly in LPS-treated embryos hearts.
Interestingly, the co-injection of LPS and Lipase increased
TAC in a dose-dependent manner compared to the control
group. As expected, the production of different cytokines,
promotion of oxidative and nitrosative stress, and apopto-
sis by LPS can lead to structural remodeling and cellular
injury [28]. We also found that left ventricle anterior wall
thickness decreases proportionally by increasing the dose of
LPS and lipase neutralized these effects. The cardiac ven-
tricle wall thickness is one of the main indicators in blood
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pumping; therefore decreasing the ventricle anterior wall
thickness reduces blood pumping. There are some limita-
tions related to the current study. Here, we did not evaluate
the endogenous lipase activity of yolk sac on the bacterial
LPS. According to the previously published data, yolk sac
possesses lipase activity with prominent hydrolytic activi-
ties [29]. However, the specificity of this enzyme to bacte-
rial LPS should also be determined by conducting further
investigations.

In conclusion, LPS exerts its effect on the target cells and
tissues using Toll-like receptors, which the heart is more
affected by LPS. Bacterial lipase Inhibits LPS by binding to
lipid A component and eliminates Lipid A, resulting in the
loss of LPS affinity to the TLRs, thus preventing the activa-
tion of downstream signaling related to destructive effects
of LPS. In general, bacterial lipase exerts anti-inflammatory
properties by modulating the TLR signaling pathway and
inhibiting LPS inflammatory responses in heart tissue and
can be a useful anti-inflammatory strategy. It is noteworthy
to mention that some certain antibiotics such as polymyxin
B can directly neutralize the LPS due to high affinity for
bacterial lipopolysaccharide [30]. Therefore, the application
of bacterial lipase in in vivo conditions is applicable after
numerous experiments. Meanwhile, the side effects of bac-
terial lipase such as enzymatic activity on host tissue lipids
should not be neglected.
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