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Abstract

Background: Sepsis remains a major problem for both scientists and clinicians. Cecal ligation and puncture (CLP) is considered the gold
standard for animal models of sepsis. The undesirable side effects of certain antibiotics have forced scientists to discover new, natural,and
safe antimicrobial agents, such as cephalopods, which are known to display significant antimicrobial activity.

Objectives: The present investigation aims to evaluate the in vitro and in vivo antibacterial and antiseptic efficacy of Sepia officinalis body
tissue (SOBT) extract and S. officinalis polysaccharide (SOP) from its cuttlebone.

Materials and Methods: Forty-eight rats were divided into 4 groups, and starting 2 hours after CLP, treatments were given for 2 days as
follows: sham control rats treated orally with distilled water, septic rats treated orally distilled water, septic rats treated orally methanolic
extract of SOBT (500 mg/kg b.wt) suspended in distilled water, and septic rats treated orally SOP extract (200 mg [kg b.wt) dissolved in
distilled water. On the third day, half of the rats in each group were euthanized for blood collection. The other half were kept alive and
used for the survival study.

Results: The present study revealed that the SOBT and SOP extracts showed in vitro bactericidal activity against gram-positive and
gram-negative bacteria. Furthermore, administration of SOBT and SOP increased the rats’ survival rates by 66.7% and 83.33%, respectively,
as compared to the untreated CLP-septic rats. Treatment of the CLP-septic rats with SOBT and SOP significantly alleviated alterations in

Conclusions: SOBT and SOP had profound antiseptic efficacy.

Extract

procalcitonin levels and in some hematological parameters induced by CLP.

Keywords: Sepsis, Antibacterial Activity, Procalcitonin, Sepia Officinalis Body Tissue Extract, Sepia Officinalis Bone Polysaccharide

1. Background

Sepsis is a serious health problem and is the most com-
mon cause of mortality in surgical intensive care units
(1). Sepsis refers to a systemic response to serious infec-
tion with any class of microorganism. Statistics indicate
that the incidence of sepsis is approximately 18 million
people worldwide each year, with an approximate 30%
mortality rate, and the incidence increases 1.5% - 8% annu-
ally (2). The animal sepsis model serves as an important
tool to describe mechanisms that can clarify the patho-
physiology of this inflammatory syndrome. There are
different models for sepsis induction, but cecal ligation
and puncture (CLP) has achieved widespread use and is
considered the gold standard for animal models of sep-
sis (3). Therefore, the present investigation uses CLP as an
experimental model of sepsis, as this model mimics the
pathophysiology of human sepsis (4).

Unfortunately, the recent appearance of a growing
number of bacteria resistant to conventional antibiotics,
the undesirable side effects of certain antibiotics, and the
emergence of uncommon infections have forced scien-
tists to search for new nutraceutical antimicrobial com-

pounds (5). In recent years, the attention of researchers
has turned to marine biota, which contain many potent
bioactive compounds not found in terrestrial natural
products, representing excellent pharmacological re-
sources that can be used in medicine (6). Earlier studies
reported that mollusks, including cephalopods, have
good antibiotic properties. Cephalopods are commonly
available throughout the world, and show significant an-
timicrobial activity in clinical isolates (7). Thus, the cur-
rent study investigates the antiseptic effect of the cepha-
lopod Sepia officinalis (cuttlefish), which is considerably
important as a food resource (8). Sepia officinalis and its
cuttlebone are used as antibacterial agents against cer-
tain human pathogenic microorganisms (8).

2. Objectives

The present investigation aims to evaluate the in vivo
and in vitro antiseptic efficacy of S. officinalis body tissue
(SOBT) extract and S. officinalis polysaccharide (SOP) from
the cuttlebone.
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3. Materials and Methods

3.1. Sample Collection

Fresh cuttlefish (S. officinalis) were purchased directly
from a fishmonger. The animals were transported to
our laboratory in an icebox containing ice cubes and a
few pinches of table salt. The animals were immediately
washed under running tap water, and then dissected to
separate the body tissue from the cuttlebone.

3.2. Preparation of Sepia officinalis Extracts

3.2.1. Methanolic Extract of SOBT

The body tissues of the S. officinalis specimens were cut
into small pieces, and then homogenized with a mixer.
Ten grams of homogenate were extracted with methanol
(15 mL) at room temperature for 48 hours. The metha-
nolic extract was then centrifuged to collect the super-
natant. The extract was concentrated under vacuum in
a rotary evaporator at a low temperature (9). The SOBT
extractive value was 4.2 g (yield = 0.53%).

3.2.2. SOP Extract From Cuttlebone

The SOP extract was prepared using a previously de-
scribed method (10). The air-dried cuttlebones were pul-
verized and washed with acetone. The powder (10 g) was
extracted with hot 10 mM EDTA solution (170 mL) for 48
hours and filtered using Whatman No. 1 filter paper. Next,
the saturated barium hydroxide solution was added to
the filtrate and left standing overnight. The obtained
precipitate was collected on Whatman No. 1 filter paper
and washed with water. The precipitate was dissolved
in 10 mM EDTA solution and dialyzed against deionized
water using the dialysis membrane cutoff of 8 kD for 48
hours. The dialysate was freeze-dried and stored until
use. The extractive value was 3 g (yield =1.35%).

3.3. Antibacterial Activity of SOBT and SOP

The antibacterial activity of the extracts of SOBT and
SOP was determined with the Kirby-Bauer disc diffusion
method (11). Briefly, sterile Mueller-Hinton agar plates
were prepared, and the extracts were poured into Petri
dishes and allowed to solidify. The plates were then in-
oculated with gram-positive bacteria, such as Staphylo-
coccus aureus, and gram-negative bacteria, such as Esch-
erichia coli and Pseudomonas aeruginosa, and 100 pL each
of SOBT and SOP (20 mg/mL) was introduced into filter
paper discs (0.8 cm) and allowed to dry in order to reach
full saturation. The control disc contained 40 mL of ster-
ile10% aqueous DMSO. The discs were then pressed lightly
on the surface of the same plate. The plate was incubated
at 37 °C for 72 hours, and then observed for a clear inhibi-
tion zone. The standard antibacterial agent ceftazidime
(30 pgfdisc) was used as a positive control. Finally, the in-
hibition zone was measured in millimeters with a ruler.

3.4. Test Microorganisms

Staphylococcus aureus ATCC 29213, E. coli ATCC 29998, and P.
aeruginosa ATCC 27853 were used for testing antimicrobial
activity. Lyophilized bacteria were obtained from the stan-
dard ATCC bacterial strain collection of the Micro Analysis
Center of the Faculty of Science at Cairo University.

3.5. Animal Housing

Adult male Wistar albino rats (Rattus norvegicus) weigh-
ing 150 - 170 g were obtained from the animal house of
the National Research Center (NRC) in Egypt, then were
housed in polypropylene cages (five animals/cage) at the
Zoology Department of the Faculty of Science, Cairo Uni-
versity, at a temperature of 23 £ 2 °C and under a natu-
ral day/night cycle. They were fed standard chow pellets
and drinking water ad libitum. The rats were acclimatized
for one week before the commencement of the experi-
ment. The experimental protocols and procedures used
in this study were approved by Cairo University’s Faculty
of Science Institutional Animal Care and Use Committee
(IACUC) (CUFS/S[PHY[17[14). All of the experimental proce-
dures were carried out in accordance with the Guide for
the Care and Use of Laboratory Animals, 8t edition.

3.6. Acute Toxicity Study

Fifteen male Wistar albino rats were selected randomly
and divided into three groups (n =5). The first and second
groups were given oral administration of the SOBT meth-
anolic extract and the SOP extract, respectively, at a limit
test dose of 5000 mg/kg body weight. The third group, the
controls, received an equal volume of distilled water. The
animals were observed macroscopically at 0 minute, 30
minutes, 1 hour, 2 hours, 4 hours, and 6 hours on the first
day and thereafter every day for 14 days, to note any signs
of toxicity, morphological behaviors, and mortality. Acute
toxicity was evaluated based on the number of deaths (if
any). Acute toxicity was calculated as per the Organization
for Economic Co-operation and Development (OECD) Test
Guideline 420 (the fixed-dose method) (12).

3.7. Induction of Sepsis by CLP

Sepsis was achieved in the rats by performing the CLP
process, which is considered the most clinically relevant
model for sepsis. After the rats were anesthetized with
sodium pentobarbital (30 mg/kg b.wt), the surgical area
was disinfected with betadine and a midline laparotomy
was performed. The cecum was identified, exteriorized
through the abdominal incision, and ligated just to the
ileocecal valve to avoid intestinal obstruction. The ce-
cum was punctured with an 18-gauge needle to make
two pores, and then pressed on to release the feces. The
cecum was then returned into the abdominal cavity, and
the abdominal incision was closed using 4 - 0 silk thread.
The sham-control rats underwent the same procedure ex-
cept that the cecum was neither ligated nor punctured.
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Following the surgery, the rats were injected with normal
saline (3 mL/kg b.wt) for fluid resuscitation. The CLP sur-
gery was performed as described by Liu et al. (13).

3.8. Experimental Design and Animal Treatment

Forty-eight rats (12 per group) were randomly divided
into 4 groups. Starting 2 hours after CLP induction, they
were treated for 2 days as follows: sham control rats
treated with distilled water; CLP-septic rats treated with
distilled water; CLP-septic rats treated with methanolic
extract of SOBT (500 mg/kg b.wt) suspended in distilled
water; and CLP-septic rats treated with SOP extract (200
mg kg b.wt) dissolved in distilled water. On the third day;,
half of the rats from each group (n =24) were euthanized
for blood collection, while the other half (n = 24) were
kept alive and used for the survival study.

3.9. Survival Study

Following the treatment period, the survival rate was
observed over the subsequent 10 days. Rat mortality was
recorded every 24 hour until the tenth day, and the sur-
vival rate was expressed as a percentage.

3.10. Determination of Sepsis Markers

3.10.1. Procalcitonin

The procalcitonin (PCT) concentration was determined
in serum using an ELISA kit (WKEA Med Supplies Corp.,
Changchun, China).

3.10.2. Hematological Parameters

The plasma levels of red and white blood cells (RBCs and
WBCs), hemoglobin (Hb), and platelets were determined
using a Coulter counter machine.

3.11. Statistical analysis

The results were expressed as the mean + SEM of six ani-
mals. The differences between groups were analyzed with
one-way ANOVA and Duncan’s post hoc test. The survival
data were analyzed with the Kaplan-Meier method and
the log-rank statistic. Values of P < 0.05 were considered
statistically significant. The data analysis was performed
using SPSS version 15.0.

4.Results

4.1. Antibacterial Activity of SOBT and SOP

Table 1 and Figure 1 show the antibacterial activities of
the SOBT and SOP extracts against different gram-positive
and gram-negative bacteria. The results revealed higher
bactericidal potency against both gram-positive and
gram-negative bacteria with the SOP extract than with
the SOBT extract. The SOP’s inhibition zones were 42 mm
againstS. aureus, 38 mm against E. coli,and 41 mm against
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P. aeruginosa, whereas the inhibition zones with SOBT ex-
tract were 9 mm against both S. aureus and E. coli.

4.2. Acute Toxicity

The current study revealed that the SOBT extract was
safe at a dosage of 5000 mg/kg body weight. Thus, we
used a tenth of this dose (500 mg/kg body weight) as the
median effective dose. In contrast, the SOP extract exhib-
ited some physiological changes at a dose limit of 5000
mg/kg body weight. Therefore, the present study repeat-
ed the acute toxicity study at a dose of 2000 mg/kg body
weight, and this dose did not change any physiological or
behavioral parameters in comparison with the controls.
Therefore, we selected a safe dose of 200 mg/kg body
weight as the median effective dose for SOP extract.

4.3. Effects of SOBT and SOP on the Survival of
Septic Rats

The present study revealed no mortality in the sham
group. Conversely, there was 100% mortality within 10
days in the untreated CLP-septic rats. There was a sig-
nificant decrease (P < 0.05) in the survival rate of the
CLP-septic rats as compared to the sham rats. However,
treatments with SOBT and SOP were able to rescue the
septic rats from death. SOBT extract increased the sur-
vival rate to 4 out of 6 (66.7%), and a marked elevation in
the survival rate was also observed with SOP (5 out of 6,
83.33%) (Figure 2).

4.4. Effects of SOBT and SOP Extracts on PCT Levels
of Septic Rats

Serum PCT level (sepsis markers) was significantly in-
creased (P < 0.05) due to CLP, compared to the sham con-
trol group. Treatment of the CLP-septic rats with SOBT
and SOP significantly decreased (P < 0.05) the PCT levels,
as compared to the untreated CLP-septic rats (Figure 3).

4.5. Effects of SOBT and SOP Extracts on the
Hematological Parameters of Septic Rats

Induction of sepsis by CLP induced a significant de-
crease (P < 0.05) in Hb, RBCs, and platelets, as compared
with the normal sham values. Meanwhile, a significant
increase (P < 0.05) was observed in the WBC counts of
the CLP-septic rats compared with the sham rats (Table
2). These results indicate that the CLP procedure causes
anemia, leukocytosis, and thrombocytopenia. Post-treat-
ment of the CLP rats with SOBT failed to restore the Hb,
RBC, and WBC levels. However, SOBT was influential in
significantly increasing (P < 0.05) the platelet level, com-
pared with the CLP-septic rats. In contrast, treatment of
the septic rats with SOP succeeded in achieving signifi-
cant elevations (P < 0.05) in Hb, RBCs, and platelets, in
addition to a significant decrease (P < 0.05) in the WBC
count, as compared to the CLP-septic group.
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Table 1. Antibacterial Activities of SOBT and SOP Extracts Against Different Gram-Positive and Gram-Negative Bacteria

Pathogen Zone of inhibition, mm
S. officinalis
SOBT SOopP
S. aureus 9 42
E. coli 9 38
P. aeruginosa NA 41

Abbreviation: NA, not available.

Figure 2. Effect of SOBT and SOP on the 10-Day Survival Rate of CLP-
Induced Septic Rats
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Figure 3. Effect of SOBT and SOP on PCT Levels of CLP-Septic Rats
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Table 2. Effect of SOBT and SOP on Hematological Parameters in CLP-Induced Septic Rats®P

Parameter Group

Sham CLP (Sepsis) SOBT, 500 mg/kgb.wt  SOP,200 mg/kg b.wt
Hb, mg/dL 14.75 +0.433 12.6 +0.23 12.5+0.288 14.25 +0.433
RBCs x10°, cell/mm3 7.25+0.144 4.5+0.288 4.740.433 7.5+0.288
WBCs x103, celljmm3 8.4+0.23 12.25+0.433 115 + 0.288 8.5+0.288
Platelet x103, mm3 790 +5.773 625+5 690 + 8.66 702 £1.154

3Values are expressed as mean + SEM (n = 6).
Values are significantly different (P < 0.05).

5. Discussion

Sepsis is an infection-initiated systemic inflammatory
syndrome, the severity of which results in a high mortal-
ity rate (14). The CLP procedure produces a polymicrobial
infection and a resultant immune, hemodynamic, and
biochemical response in animals, similar to that seen
in patients with sepsis (15). CLP causes the bacteria of co-
lonic contents to spill into the abdomen, producing se-
vere peritonitis and bacteremia (16). Thus, the CLP animal
model of rats with sepsis was used in this study. Increas-
ing antibiotic resistance may negatively affect patients’
health and the cost of care. Consequently, there is a grow-
ing demand for the development of novel antimicrobial
drugs, as existing drugs either have too many side effects
or tend to lose effectiveness due to the selection of resis-
tant strains.

The marine environment is an exceptional reservoir of
bioactive natural products, and marine invertebrates are
a source of potential antimicrobial drugs. Mollusks are
highly delicious seafood and a rich source of imported
biomedical products (17). Scientific interest in cephalo-
pods has increased over the last century for at least two
reasons: i) their value as experimental animals for bio-
medical and behavioral research (18) and ii) their posi-
tion in the world market as a major fishery resource (18).
Ramasamy et al. (8) demonstrated the antimicrobial ac-
tivities of polysaccharides from the cuttlebone and body
tissue of S. prashadi. Therefore, the present study was de-
signed to assess the antiseptic efficacy of SOP and metha-
nolic extract of SOBT.

In line with some findings (7, 8, 19), the results of the
present study clearly showed that the SOP had greater
antibacterial activity against human pathogens (S. au-
reus, E. coli, and P. aeruginosa) than the SOBT extract,
which exhibited moderate antibacterial activity. This
high activity of SOP may be due to the destruction of the
bacterial cell wall, which eventually leads to the release
of intracellular components (20). The higher antibacte-
rial efficacy of SOP in the present study may be due to its
chelating activity, which may prevent the growth of mi-
crobial pathogens and their proliferation. Kong et al. (21)
demonstrated that the action of chitosan as a chelating
agent selectively disturbs the essential metal metabolism
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of the microorganism by interfering with metal acquisi-
tion and bioavailability for crucial reactions. In addition,
the antibacterial activity of SOBT may be attributed to its
flavonoid content (unpublished data). Dzoyem et al. (22)
mentioned that naturally occurring flavonoids possess
antimicrobial activity against a wide range of pathogens.
Despite advances in critical care in human medicine,
sepsis and septic shock due to infection play consider-
able roles in the morbidity and mortality of patients in
intensive care units, which has been reported to be be-
tween 30% and 50% (23). Consistent with the finding of
Liu etal. (13), the present study showed 100% mortality fol-
lowing the CLP model in rats. The high mortality rate re-
corded here may be due to severe blood loss that caused
impaired oxygen delivery, leading to tissue dysfunction
and finally death (1). The results of this study showed that
when SOP and SOBT were used, the survival rates of the
septicrats increased to 83.33% and 66.7%, respectively. This
may be due to the ability of SOP and SOBT to inhibit the
growth of the most common bacterial types involved in
sepsis, as evidenced by the in vitro bactericidal activity.
The use of a diagnostic gold standard or reference stan-
dard is considered the best method for establishing the
presence or absence of a disease. Procalcitonin (PCT) is
known as a biochemical marker for the early diagnosis and
prognosis of sepsis (24). PCT is the propeptide precursor
protein of the calcitonin hormone, and has no hormonal
activity. In healthy individuals, PCT levels are undetectably
low. Clinical studies have indicated that bacterial inflam-
mation and sepsis, but not viral infections or autoimmune
disorders, could stimulate high concentrations of serum
PCT(25). PCT increases within 4 h after a bacterial infection
begins, and declines as the infection comes under control
(26).Itis therefore considered a gold standard tool for test-
ing the success of CLP as a sepsis model, and for studying
the efficacy of both SOBT and SOP extracts as novel antisep-
tic agents. In conjunction with the reports of Liu et al. (13)
and Tavares et al. (27), data from the present investigation
showed significantly increased PCT levels following CLP
in rats. The increment of PCT in septic rats may be due to
a continuous bulk-flow constitutive pathway, in which
only limited conversion to mature calcitonin occurs (28).
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PCT as a surrogate biomarker usually increases upon bac-
terial infection and decreases upon recovery, so it can be
used to guide antibacterial therapy (29). The present study
showed that post-treatment of septic rats with SOBT or SOP
alleviated the PCT increment significantly in comparison
with the untreated septic rats, which may be due to their
antimicrobial constituents.

Hematologic changes are present in virtually every pa-
tient with severe sepsis, as the hematologic system is poor-
ly circumscribed and serves several unrelated functions
(30). In conjunction with previous findings (31, 32), the
present investigation indicated that the most common
abnormalities of the hematologic system in sepsis are
anemia, leukocytosis, thrombocytopenia, and activation
of the hemostatic system. Significant decreases in RBCs,
Hb, and platelets in the septic rats observed in this study
may reflect the adverse effects induced in the hemopoietic
organs. Goyette et al. (31) clarified that the dysfunction of
the hematological organ system is considered one of the
key contributors to this deadly disease. Recently, Ercan
and Ozdemir (1) interpreted the hematological dysfunc-
tion associated with sepsis to be related to microcircula-
tory blood flow with decreased RBCs and impaired oxygen
delivery, which eventually leads to tissue dysfunction and
death. The present results showed that treatment of septic
rats with SOP and SOBT restored the hematological param-
eters to near the control level, while SOBT succeeded only
atrestoring the level of blood platelets.

5.1. Conclusions

In conclusion, the present study followed the CLP
model in rats and revealed that SOP and SOBT both had
profound antibacterial effects against the most common
bacterial infections involved in sepsis. SOP and SOBT in-
creased the survival rate in septic rats, and alleviated the
PCT increment and hematological disorders. Addition-
ally, it was cleared that SOP may be more effective than
SOBT in sepsis fighting. However, further studies must be
carried out to provide opportunities to elucidate the dif-
ferent mechanisms that may be involved in the in vivo
antiseptic effects of SOP and SOBT.

Acknowledgments

We thank our colleagues at the Microanalytical Center
of the Faculty of Science, Cairo University, for helping
with the use of bacterial strains.

Footnote

Funding/Support:There was no funding support for
this work.

References

1. Ercan M, Ozdemir S. The contribution to studies of the effect of
B-glucan on plasma viscosity in a rat sepsis model. Med Sci Dis-
cover. 2015;2(1):148-53. doi: 10.17546/msd.35215.

2. Martin GS. Sepsis, severe sepsis and septic shock: changes in

12.

13.

15.

16.

17.

19.

20.

incidence, pathogens and outcomes. Expert Rev Anti Infect Ther.
2012;10(6):701-6. doi: 10.1586/eri.12.50. [PubMed: 22734959 |
Dyson A, Singer M. Animal models of sepsis: why does preclini-
cal efficacy fail to translate to the clinical setting? Crit Care Med.
2009;37(1 Suppl):S30-7. doi: 10.1097/CCM.0b013e3181922bd3.
[PubMed: 19104223]

Brooks HF, Osabutey CK, Moss RF, Andrews PL, Davies DC. Caecal
ligation and puncture in the rat mimics the pathophysiological
changes in human sepsis and causes multi-organ dysfunction.
Metab Brain Dis. 2007;22(3-4):353-73. doi: 10.1007/s11011-007-9058-
1. [PubMed: 17828620]

Dorobat OM, Moisoiu A, Talapan D. [Incidence and resistance
patterns of pathogens from lower respiratory tract infections
(LRTI)]. Pneumologia. 2007;56(1):7-15. [PubMed: 17491203]

Fahmy R, Soliman AM. In vitro antioxidant, analgesic and cytotoxic
activities of Sepia officinalis ink and Coelatura aegyptiaca extracts.
Afr Pharm Pharmacol. 2013;7(22):1512-22. doi: 10.5897/ajpp2013.3564.
Vairamani S, Subhapradh N, Ramasamy P, Barwin Vin A, Raveen-
dran S, Shanmugam A. Antibacterial activity of methanolic ex-
tract of whole body tissue and ethylene diamine tetra acetate
extract of cuttlebone of sepiella inermis (orbigny, 1848). Res |
Microbiol. 2012;7(5):263-72. doi: 10.3923[jm.2012.263.272.
Ramasamy P, Vino AB, Saravanan R, Subhapradha N, Shanmu-
gam V, Shanmugam A. Screening of antimicrobial potential of
polysaccharide from cuttlebone and methanolic extract from
body tissue of Sepia prashadi Winkworth, 1936. Asian Pac | Trop
Biomed. 2011;1(2):5244-8. doi: 10.1016/$2221-1691(11)60163-9.

Ely R, Supriya T, Naik CG. Antimicrobial activity of marine organ-
isms collected off the coast of South East India. ] Exp Mar Bio Ecol.
2004;309(1):121-7. doi: 10.1016/j.jembe.2004.03.010.

Okutani K, Morikawa N. Gel-filtration and sugar constituent of
the polysaccharide extracted from the internal shell of squid.
Bull Jap Soc Fish.1978;44(4):369-72. doi: 10.2331/suisan.44.369.
Bauer AW, Kirby WM, Sherris ]C, Turck M. Antibiotic susceptibil-
ity testing by a standardized single disk method. AmJ Clin Pathol.
1966;45(4):493-6. [PubMed: 5325707

Whitehead A, Curnow RN. Statistical evaluation of the fixed-dose
procedure. Food ChemToxicol. 1992;30(4):313-24. d0i: 10.1016/0278-
6915(92)90009-a.

Liu MW, Su MX, Zhang W, Wang Y, Qin LF, Liu X, et al. Effect of mel-
ilotus suaveolens extract on pulmonary microvascular perme-
ability by downregulating vascular endothelial growth factor
expression in rats with sepsis. Mol Med Rep. 2015;11(5):3308-16.
doi:10.3892/mmr.2015.3146. [PubMed: 25571852]

Nesseler N, Launey Y, Aninat C, Morel F, Mallédant Y, Seguin P. Clinical
review: The liver in sepsis. Crit Care. 2012;16(235):1-8. doi: 10.1186/cc11381.
Poli-de-Figueiredo LF, Garrido AG, Nakagawa N, Sannomiya P.
Experimental models of sepsis and their clinical relevance.
Shock. 2008;30 Suppl 1:53-9. doi: 10.1097/SHK.0b013e318181a343.
[PubMed: 18704008]

Buras JA, Holzmann B, Sitkovsky M. Animal models of sepsis:
setting the stage. Nat Rev Drug Discov. 2005;4(10):854-65. doi:
10.1038/nrd1854. [PubMed: 16224456]

Mayer AM, Rodriguez AD, Berlinck RG, Hamann MT. Marine phar-
macology in 2003-4: marine compounds with anthelmintic anti-
bacterial, anticoagulant, antifungal, anti-inflammatory, antima-
larial, antiplatelet, antiprotozoal, antituberculosis, and antiviral
activities; affecting the cardiovascular,immune and nervous sys-
tems, and other miscellaneous mechanisms of action. Comp Bio-
chem Physiol C Toxicol Pharmacol. 2007;145(4):553-81. d0i: 10.1016j.
cbpc.2007.01.015. [PubMed: 17392033]

Periyasamy N, Murugan S, Bharadhirajan P. Anticoagulant activ-
ity of marine gastropods babylonia spirata lin, 1758 and phalium
glaucum lin, 1758 collected from cuddalore, southeast cost of IN-
DIA. Int ] Pharm Pharm Sci. 2013;5(4 ):117-21.

Krishnamoorthi ], Sudharsan S, Shanmugam V, Shanmugam A.
In vitro antibacterial screening of methanolic extract of whole
body tissue and ethylene diamine tetra acetate (EDTA) extract of
cuttlebone of Sepia pharaonis (Ehrenberg, 1831) against selected
clinical isolates. Afr ] Microbiol Res. 2014;89(40):3551-7.

He F, Yang Y, Yang G, Yu L. Studies on antibacterial activity and
antibacterial mechanism of a novel polysaccharide from Strep-

Jundishapur ] Microbiol. 2016;9(1):29331



Soliman AM et al.

21

22.

23.

24.

25.

26.

tomyces virginia H03. Food Control. 2010;21(9):1257-62. doi:
10.1016/j.foodcont.2010.02.013.

Kong M, Chen XG, Xing K, Park HJ. Antimicrobial properties of
chitosan and mode of action: a state of the art review. Int ] Food Mi-
crobiol. 2010;144(1):51-63. doi: 10.1016/j.ijfoodmicro.2010.09.012.
[PubMed: 20951455]

Dzoyem ]P, Hamamoto H, Ngameni B, Ngadjui BT, Sekimizu K.
Antimicrobial action mechanism of flavonoids from Dorstenia
species. Drug Discov Ther. 2013;7(2):66-72. [PubMed: 23715504]
Blanco],Muriel-Bombin A, SagredoV, TaboadaF, Gandia F, Tamayo
L, etal. Incidence, organ dysfunction and mortality in severe sep-
sis: a Spanish multicentre study. Crit Care. 2008;12(6):R158. doi:
10.1186/cc7157. [PubMed: 19091069

Raoofi R, Salmani Z, Moradi F, Sotoodeh A, Sobhanian S. Procal-
citonin as a marker for early diagnosis of sepsis. Am ] Infect Dis.
2014;10(1):15-20. doi: 10.3844/ajidsp.2014.15.20.

Delevaux I, Andre M, Colombier M, Albuisson E, Meylheuc F, Begue
RJ, et al. Can procalcitonin measurement help in differentiating
between bacterial infection and other kinds of inflammatory pro-
cesses? Ann Rheum Dis. 2003;62(4):337-40. [PubMed: 12634233]

Yap CYF, Aw TC. The use of procalcitonin in clinical practice. P Sin-
gapore Healthcare. 2014;23(1):33-7.

Jundishapur ] Microbiol. 2016;9(1):29331

27.

28.

29.

30.

31

32.

Tavares E,Maldonado R, Minano FJ. Immunoneutralization of en-
dogenous aminoprocalcitonin attenuates sepsis-induced acute
lung injury and mortality in rats. Am J Pathol. 2014;184(11):3069-
83. doi:10.1016/j.ajpath.2014.07.025. [PubMed: 25251058]
Bershadsky AD, Futerman AH. Disruption of the Golgi appara-
tus by brefeldin a blocks cell polarization and inhibits directed
cell migration. Proc Natl Acad Sci. 1994;91(12):5686-9. doi: 10.1073/
pnas.91.12.5686. [PubMed: 8202549]

Li H, Luo YF, Blackwell TS, Xie CM. Meta-analysis and systematic
review of procalcitonin-guided therapy in respiratory tract in-
fections. Antimicrob Agents Chemother. 2011;55(12):5900-6. doi:
10.1128/AAC.00335-11. [PubMed: 21947386

Aird WC. The hematologic system as a marker of organ dys-
function in sepsis. Mayo Clin Proc. 2003;78(7):869-81. doi:
10.4065(78.7.869. [PubMed: 12839083

Goyette RE, Key NS, Ely EW. Hematologic changes in sepsis
and their therapeutic implications. Semin Respir Crit Care
Med. 2004;25(6):645-59. doi: 10.1055/s-2004-860979. [PubMed:
16088507]

Piagnerelli M, Boudjeltia KZ, Vanhaeverbeek M, Vincent JL. Red
blood cell rheology in sepsis. Intensive Care Med. 2003;29(7):1052-
61. doi: 10.1007/s00134-003-1783-2. [PubMed: 12802488]



