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ABSTRACT

Bacterial endotoxins in the intestines can traverse the mucosal barrier by translocation and enter the blood and lymphatic
system and hence affect the general immune responses. Colostrum biofunctional constituents like immunoglobulins,
lysozymes and lactoferrins have been reported to neutralize endotoxins and control many of viral and bacterial infections in
humans. This study was done on a total of 60 male Wistar rats that were randomly assigned to four groups, each comprising
15 animals: groups I, II and III in addition to a control group. Endotoxaemia was caused by administrating an oral suspension
of enterotoxigenic Escherichia coli (1.0x10° CFU/mL) directly into the duodenum of anaesthetized rats after giving
intraperitoneal carrageenan. At the same time, bovine colostrum and/or proline-rich polypeptide (PRP) were given.
Therapeutic effects were studied by examining both plasma endotoxin activity and bacterial load of both mesenterial lymph
nodes and peritoneal lavages. Results were compared with those obtained with the milk whey which was used in a control
group. Value of plasma endotoxin activity of groups I, II and were 68.1+4.3, 112.3£3.5 and 56.0+3.5 EU/dI, respectively after
6 h of the infection incidence compared with the control group value 152.8+8.8 EU/dl. The reduction in bacterial infection of
lymph nodes and peritoneal lavages was also evident with different degrees of efficiency. The incidence of bacterial infection
in lavage was 42.1, 46.8, 36.3 and 64.8% in the experimental groups I, II, III and the control one respectively, whereas, the
incidence of lymph nodes infection was 40.2, 44.4, 33.9 and 66.7% in the experimental groups I, II, III and the control one,
respectively. Whole bovine colostrum and/or PRP may help to eliminate and control Escherichia coli endotoxaemia in rats
when administered into the gut in conditions of septic shock.
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INTRODUCTION considered as an alternative therapeutic option for the
treatment of enteric infections over the past few years. Per-
oral administration of bovine milk immunoglobulin has
proven to be effective in the treatment of intestinal

Escherichia coli infection (Kawasaki et al., 2000; Ashraf et
al., 2001). The importance of colostrum for the growth and

Clinical data underscores the fact that subsequent high
mortality rates occur in-patients who survive acute septic
episodes. It is generally acknowledged that severe
sepsis/septic shock is a major problem in clinical medicine,

yet the extent of the problem and its basic immunology
remain poorly defined (Benjamim et al., 2003). Possible
translocation of bacteria and endotoxins renders the
gastrointestinal tract a crucial factor in this condition
(Saadia et al., 1990).

The problem of sepsis is further complicated by the
remarkably diverse spectrum of illness encompassed under
the term 'sepsis'. Sepsis may range in severity from mild
systemic  inflammation without significant clinical
consequences to multisystem failure in septic shock with an
exceedingly high mortality rate (Opal, 2003). The innate
immune response is the first line of defence against
infection. Toll-like receptors (TLRs) recognize bacterial
lipopolysaccharides and  other  pathogen-associated
molecular patterns (PAMPs) (Carrillo-Esper, 2003). The
protective function of the gastrointestinal tract breaks down
and bacteria from the gut enter the blood and lymph system
(Brunser et al., 1992). Immunological approaches have been

health of newborn offspring is well known. In bovine
colostrum, the antibody (immunoglobulin) complement
system provides a major antimicrobial effect against a wide
range of microbes and confers passive immunity (Korhonen
et al., 2000). Proline-rich polypeptide was reported to have
multifunctional importance for human health as an immuno-
modulator to correct immunological disorders, improve
mood and cognitive activities, psycho-enhancing,
interleukin-inducing (Inglot et al., 1996; Leszek et al.,
2002). The present study was conducted to determine
whether those findings could be confirmed in vivo by using
bovine colostrum and/or its multifunctional PRP fraction in
animal experiments.

MATERIALS AND METHODS

A total of 60 male Wistar rats (200-230 g) were
anaesthetized with ketamine. In order to achieve a degree of
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immunosuppression (i.e. an inflammatory state) in the gut
and a higher initial level of plasma endotoxin activity
(Lissner et al., 1996; Pricolo et al., 1996), 80 mg of type IV
carrageenan/kg (Sigma-Aldrich Corp., St Louis, MO, USA)
were injected into the peritoneal cavity. Animals were
randomly assigned to four groups, each comprising 15 in
number (Table I): groups I, II and III received 200 mg
bovine colostrum/kg, 25 mg PRP/kg, and a mixture of 200
mg bovine colostrum with 25 mg PRP/kg, respectively.
Group 4 received 400 mg milk whey/kg (control substance).
All animals used in this experiment were adminstrated wuth
10 mg neomycin.

Bovine colostrum was delivered as a scientific grant
from Immuno-Dynamic Inc., Perry — Iowa , USA in purified
powder package of 250 g. PRP was prepared according to
Janusaz et al. (1981).

At the beginning of the 6 h period of observation, the
first blood samples were taken from the exposed external
jugular vein. Neomycin is clear bactericidal agent and
stimulates the release of lipopolysaccharide from E. coli,
and their administration results in increasing plasma
endotoxin levels. Therefore, a combination of 1.0x10°
colony-forming units of E. coli/kg (strain O:NT H16 clinical
isolate; American Type Culture Collection); 10 mg
neomycin/kg; and the group-specific colostrum, PRP or
milk whey were administered through a per-oral tube
(diameter 2 mm). The tube was fixed in the duodenum by
laparotomy (L.N.), carefully avoiding damage to the
efferent billiary tract.

Preliminary investigations without carrageenan have
shown that the maximum endotoxin level in plasma (5042
EU/dl) was reached 6 h after administration of the
bacteria/neomycin  suspension. Therefore, the plasma
endotoxin activity was measured hourly for 6 h. At the same
time points, 1 mL blood was taken from the jugular vein for
culture. Laparotomy (L.N.) and peritoneal lavages with 10
mL endotoxin-free 0.9% saline solution followed the last
assessment.

Furthermore, mesenteric lymph nodes from two
different areas of the mesenterium (duodenum & colon)
were resected and homogenized. Bacterial load of the lymph
nodes and the hourly blood cultures were examined using
smears on sheep blood agar plates incubated for 48 h at
37°C. Each lymph node area was examined on one agar
plate and the peritoneal lavage on three agar plates. Quantity
and specification of the bacterial contamination were not
assessed and no anaerobic cultures were performed.

In order to measure the biological endotoxin activity in
serum, we used the modified Limulus amoebocyte/lysate
test with a chromogenic substrate (Harris et al., 1983; van
Saena et al., 1998). First, 100 L of a 1:40 diluted (0.9%
NaCl) plasma sample were heated for 5 min at 80°C. Then
50 pL of Limulus lysate (Pyroquant 50, ChB: 42-109-551;
Pyroquant  Diagnostik GmbH, Méorfelden-Walldorf,
Germany) were added and incubated for 45 min at 37°C.
inally 100 L of chromogenic substrate (S-2423;
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Chromogenic Company, MoéIndal, Sweden) were added and
incubated for 4 min. at 37°C. The reaction was stopped with
50 L acetic acid (100%) and the extinction was measured by
a photometer at a wavelength of 405 nm.

Statistical analysis of plasma endotoxin activity was
based on the arithmetic means and standard deviations.
Statistical evaluation of analytical data was done by
student’s ‘t’ test (Snedecor & Cochran, 1976).

RESULTS

Data presented in Table I indicate the endotoxin
activity in plasma of rat groups as affected by ingestion of
bovine colostrum and/or PRP. There was an approximately
linear rise in plasma endotoxin up to 6 h in control group
with endotoxin activity value of 145+18 EU/dI. In groups I
and I, the increase in the value of plasma endotoxin activity
was observed up to 5 h with values of 78.3+4.4 and
115.1£2.2 EU/L, respectively. Group IV shows a decrease
in the measured value after 4 h with value of 66.2+5.4
EU/dL

The most effective suppression of biological activity
was observed in group III which received a mixture of both
bovine colostrum together with PRP, in which the
maximum plasma endotoxin value was 67.4+6.2 EU/dI after
4 h. At the end of the observation period the value was just
56.0+3.5 EU/dl. This amounts to a reduction of 63.3% after
6 h. In groups I and II endotoxin activity was reduced to
68.1+4.3 and 112.3£3.5 EU/I, respectively (i.e. a
maximum reduction was 55.4 and 26.5%, respectively after
6 h) as shown in Table II.

The incidence level of the bacterial infection in-group
II which was fed on a mixture of both bovine colostrum
and PRP was the lowest as 33.9 and 36.3% in lymph node
and lavage tissues, respectively (Table III).

DISCUSSION

The gastrointestinal tract is of great importance for the
development and prognosis of septicemia (Prins et al.,
1994). However, such bactericidal preparations can liberate
lipid A fragments from the bacterial cell wall and thus
increase the translocation of endotoxin (Prins et al., 1994;
Dean-Nystrom et al., 2000). It therefore appears rational to
combine antibiotic with a substance that inactivates both
bacteria and endotoxins (Burke et al., 1989; Warny et al.,
1999). An oral dietetic would be of particular importance in
this regard because plain parenteral nutrition lowers the
concentration of secreted IgA in bile. This weakens
immunological resistance and thus diminishes the barrier
function of the intestinal mucosa (Feist et al., 2000). We
attempted to demonstrate that bovine colostrum is better
able to inactivate lipopolysaccharide than albumin.
Lactoferrin is well documented to have multifunctional
activity as the most active principal of bovine colostrum
(Roberts et al., 1992; Antonius et al., 2000). Several
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Table I. Plasma endotoxin activity in rats fed bovine
colostrum and/or PRP

Time Group | Group 11 Group 11 Group IV
(hours) (BCH (PRP?) (BC+PRP)  (Control)

0 27+24  27+42° 27+£12° 28+1.2°

1 256415 271+51° 249435  29.6+3.4°
2 441+432° 486+33%  414+42° 548+53¢
3 64.6+3.6° 754+4.7° 56.8+4.4° 883+21¢
4 744+1.1*° 989+3.7° 674+62° 121.1+34¢
5 783+44* 1151+22° 662+54°  146.5+6.5°
6 68.1+43" 1123+35" 560+35  152.8+88°

BC= "+ SE. P<0.03, versus control; Values are expressed as the mean
PRP= proline-rich polypeptide;Values with different * ,bovine colostrum
letter symbols are shown significant difference

Table Il. Inhibition percentage of plasma endotoxin
activity in rats fed bovine colostrum and/or PRP

Time (hours) Group | (BCY) Group Il (PRP?) Group Il (BC+PRP)

0 1.8% 1.8% 1.8%
1 13.4% 83 % 15.6 %
2 19.4 % 112% 243 %
3 26.8% 14.5% 35.6 %
4 38.8% 18.6 % 445 %
5 465 % 214 % 54.8 %
6 55.4 % 26.5 % 63.3 %
Table I1l. Bacterial contamination after 48 h of

incubation of peritoneal lavage and lymph node
specimen in rats fed bovine colostrum and/or PRP

Tissue Group | Group Il Group Il Group IV

(BCY) (PRP?) (BC+PRP) (Control)
+ve (%) Lavage 40.1°% 46.8°% 363°% 64.8° %
+ve (%) Lymphnode  40.2'% 444'%  33.9°% 66.7° %

Values are expressed as the mean + SE; P<0.05, versus control; 'BC=
bovine colostrum® ,PRP=proline-rich polypeptide; Values with
different letter symbols are shown significant difference

physiological functions have been attributed to bovine
lactoferrin, including the pronounced protective effects
against many of enteric and gastrointestinal infectious
agents in both newborn and adult humans through its oral
intake (Reiter, 1983; Dial & Lichtanberger, 2002). It could
be stated that oral administration of colostrum lactoferrin is
involved in the retardation of the growth of wide range of
both Gram+ve and Gram—ve infectious bacteria including
Escherichia coli, Staphylococcus aureus, Bacillus cereus,
Kelbsiella pneumoniae and Streptococcus mutans through
either bacteriostatic or bactericidal mechanisms (Ajello et
al., 2002). In addition to the pronounced antibacterial
potency of bovine lactoferrin, it has potent anti-viral activity
against many viruses associated with human diseases
including hepatic virus C infections and its possible hepatic
carcinoma, AIDS, influenza, herpes, cytomegalo-viral
infections and others (Harmsen et al., 1995; Swart, 1998).
Many of fungal and parasitic human infections are
completely prevented or at least cured and recovered by
regular oral ingestion of bovine lactoferrin (Samaranayake
etal., 2001; Nibbering et al., 2002).
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In addition, administration of bovine colostrum has
already proven effective in treating bacterial and viral
enteritis in babies and infants (Raqib et al., 2000; Marshall
et al., 2002). Enteral administration of hyperimmunized
bovine colostrum has been found to reduce peri-operative
translocation of endotoxin from the gastrointestinal tract
(Appelmelk et al., 1994). However, it is still unclear which
constituents of bovine colostrum are the crucial biological
factors in this therapeutic effect. Neutralization of
endotoxins and bacteria has been reported for
immunoglobulins and lactoferrin (Nebermann et al., 1994;
Pricolo et al., 1996). On the other hand, Guillen et al. (2002)
and Kimber et al. (2002) reported that bovine lactoferrin
could mediate both antimicrobial and immunomodulation
activities with downstream effects on the outcome of
microbial and other inflammatory diseases.

Yu and Schrijvers (2002) stated that bovine lactoferrin
molecules have the ability to interact with the bacterial cell
wall through specific binding sites. There are some other
suggested mechanisms involved in the expression of the
antibacterial potency of bovine lactoferrin. Semenov et al.
(1998) and Welling et al. (2000) reported that bovine
lactoferrin could inhibit the non-specific bacterial esterase
without affecting both cell wall and cell membrane
permeability. This indicates that lactoferrin molecules affect
and interact with the bacterial ATP system. These
interaction mechanisms could offer some of the critical
disturbance in most of the bacterial physiology then damage
and inactivate the whole bacterial cell. Several other studies
indicated that lactoferrin has its pronounced bactericidal
properties through the ability to release the cellular
lipopolysaccharides of the bacterial cell by the action of the
highly cationic bactericidal domain of lactoferrin at N-
terminus of the molecule (Ballamy et al., 1992; Yamauchi
et al., 1993). This domain is involved directly interacting
with the bacterial cell wall and lipopolysaccharide content,
therefore acting as strong bactericidal agent. This
mechanism highly agree with that reported by Ellison et al.
(1990) and Rossi et al. (2002). Other mechanisms could be
considered also to explain the antibacterial activity of
bovine lactoferrin as that its ability to block bacterial
carbohydrate metabolism (Arnold et al., 1980).

In this study, group III which received a mixture of
both bovine colostrum and PRP, exhibited the greatest
suppression of plasma endotoxin level. This may be due to
the high immunoglobulin content received in addition to
immunomodulator activity of ingested PRP. The reduction
in endotoxin activity was also significant in the other two
experimental rat groups more than control group. Because
that colostrum contains only half as much immunoglobulins
as the colostra, a distinct effect of lactoferrin in-groups I and
III is possible. The iron-saturation of the preparations rules
out the possibility that the bacteriostatic effect of lactoferrin
derives from removal of iron from the bacterial cell wall.
Therefore, lactoferrin also confers a specific defence
mechanism. Intensified elimination of the endotoxin by
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'natural killer cells' is conceivable because iron-saturated
lactoferrin can activate these cells. The positive therapeutic
effect of combining colostrum with PRP supports this
concept.

In a large cohort of patients with microbiologically
confirmed severe sepsis, appropriate initial antimicrobial
therapy was an important determinant of survival. New
approaches aimed at improving detection and treatment of
early sepsis are needed (Harbarth et al., 2003). The
synergistic antitoxigenic effect of PRP and bovine
colostrum is unclear and needs to be clarified and to unveil
its possible mechanisms. It is highly suggested to
incorporate PRP in the daily therapeutic program in case of
endotoxingenic conditions in order to ensure the perfect and
pronounced recovery.

REFERENCES

Ajello, M., R. Greco, F. Giansanti, M.T. Massucci, G. Antonini and P.
Valenti, 2002. Anti — invasive activity of bovine lactoferrin towards
group A streptococci. Biochem. Cell Biol., 80: 119-24

Antonius, C.M., K.D. Kussendrager and J.M. Steijns, 2000. In vivo
antimicrobial and antiviral activity of components in bovine milk and
colostrum involved in non-specific defense. British J. Nutr., 84,
suppl. 1: 127-34

Appelmelk, B.J., Y.Q. An, M. Geerts, B.G. Thijs, H.A. de Boer, D.M.
MacLaren, J. de Graaf and J.H. Nuijens, 1994. Lactoferrin is a lipid
A-binding protein. Infect. Immun., 62: 2628-32

Armold, R.R., M. Brewer and J.J. Gauthier, 1980. Bactericidal activity of
human lactoferrin: Senstivity of a variety of microorganisms. Infect.
Immun., 28: 893-8

Ashraf, H., D. Mahalanabis, A.K. Mitra, S. Tzipori and G.J. Fuchs, 2001.
Hyperimmune bovine colostrum in the treatment of shigellosis in
children: a double-blind, randomized, controlled trial. Acta Paediatr.,
90: 1373-8

Bellamy, W., M. Takase, K. Yamauchi, H. Wakabayashi, K. Kawase and
M. Tomita, 1992. Identification of the bactericidal domain of
lactoferrin. Biochem . Bioplhys Acta., 1121 : 130-6

Benjamim, C.F., C.M. Hogaboam, N.W. Lukacs and S.L. Kunkel, 2003.
Septic mice are susceptible to pulmonary aspergillosis. American J.
Pathol., 163: 2605-17

Brunser, O., J. Espinoza, G. Figueroa, M. Araya, E. Spencer, H. Hilpert, H.
Link-Amster and H. Brussow, 1992. Field trial of an infant formula
containing anti-rotavirus and anti-Escherischia coli milk antibodies
from hyperimmunized cows. J. Pediatr. Gastroenterol. Nutr., 15:
63-72

Burke, D., J.C. Alverdy, E. Aoys and G.S. Moss, 1989. Glutamine-
supplemented total parenteral nutrition improves gut immune
function. Arch. Surg., 124: 1396-9

Carrillo-Esper, R., 2003. Innate immunity, Toll receptor and sepsis. Cir.
Care., 71:252-8

Dean-Nystrom, E.A., J.F. Pohlenz, H.W. Moon and A.D. O'Brian, 2000.
Escherichia coli O157:H7 causes more-severe systemic disease in
suckling piglets than in colostrum-deprived neonatal piglets. Infect.
Immun., 68: 2356-8

Dial, E. and L.M. Litchenberger, 2002. Effect of lactoferrin on Helicobacter
felis induced gastritis. Biochem. Cell Biol., 80: 1137

Ellison, R.T., F.M. Laforce, T.J. Giehl, D.S. Boose and B.E. Dunn, 1990.
Lactoferrin and transferrin damage of the gram negative outer
membrane is modulated by Ca+* and Mg+ . J . Gen.. Microbiol.,
136: 1437-46

Feist, N., D. Berger and C.P. Speer, 2000. Anti-endotoxin antibodies in
human milk: correlation with infection of the newborn. Acta
Paediatr., 89: 1087-92

579

Guillen, C., I.B. Mclnmes, D.M. Vaughan, S. Kommojosyula, P.H. Van
Berkel, B.P. Leung, A. Aguila and J.H. Brock, 2002. Enhancing the
responses to Staphylococcus aureus infection in human lactoferrin
transgenic mice. J. Immunol., 168: 395057

Harbarth, S., J. Garbino, J. Pugin, J.A. Romand, D. Lew and D. Pittet, 2003.
Inappropriate initial antimicrobial therapy and its effect on survival
in a clinical trial of immunomodulating therapy for severe sepsis.
American J. Med., 115: 529-35

Harmsen, M.C., P.J. Swart, R. Pauwels, E. Clercq, H. The and K.F. Meijer,
1995. Antiviral effects of plasma and milk proteins: Lactoferrin
shows potent activity against both Human Immunodeficiency Virus
and human Cytomegalovirus replication in vitro. J. Infect. Dis., 172.
380-8

Harris, R.I, P.C. Stone and J. Stuart, 1983. An improved chromogenic
substrate endotoxin assay for clinical use. J. Clin. Pathol., 36: 1145—
9

Inglot, A.D., M. Janusaz and J. Lisowski, 1996. Colostrinin, a proline-rich
polypeptide from human colostrum, is a modest cytokine inducer in
human leukocytes. Arch. Immunol. Ther. Exp., 44: 215-24

Jannusaz, M., K. Staroscik and M. Zimecki, 1981. Chemical and physical
characteristics of a proline-rich polypeptide from sheep colostrum.
Biochem. J., 199: 9-15

Kawasaki, Y., S. Tazume, K. Shimizu, H. Matsuzawa, S. Dosako, H. Isoda,
M. Tsukiji, R. Fujimura, Y. Muranaka and H. Isihida, 2000.
Inhibitory effects of bovine lactoferrin on the adherence of
enterotoxigenic Escherichia coli to host cells. Biosci. Biotechnol.
Biochem., 64: 348-54

Kimbher, 1., M. Cumberbatch, R.J. Dearman, D.R. Headon, M. Bhushan and
C.E. Griffiths, 2002. Lactoferrin : Influences on Langerhans cells,
epidermal cytokines and cutaneous inflammation. Biochem. Cell
Biol., 80: 103-7

Korhonen, H., P. Mamila and H.S. Gill, 2000. Milk immunoglobulins and
complement factors. British J. Nutr., 84 Suppl 1: 75-80

Leszek, J., A.D. Inglot, M. Janusz, J. Lisowski, K. Krukowska and J.A.
Geargiades, 1999. Clostrinin: a proline — rich polypeptides (PRP)
complex isolated from bovine colostrum for treatment of
Alzheimer’s disease. Arch. Immunol. Ther. Exp., (warsz) 47: 377-85

Lissner, R., H. Schmidt and H. Karch, 1996. A standard immunoglobulin
preparation produced from bovine colostra shows antibody reactivity
and neutralization activity against Shiga-like toxins and EHEC-
hemolysin of Escherichia coli 0157:H7. Infection, 24: 378-83

Marshall, J.C., P.M. Walker, D.M. Foster, D. Harris, M. Ribeiro, J. Paice,
A.D. Romaschin and A.N. Derzko, 2002. Measurement of endotoxin
activity in critically ill patients using whole blood neutrophil
dependent chemiluminescence. Crit. Care, 6: 342-8

Nebermann, L., J.R. Déhler and L. Perlick, 2000. Treatment of enterogenic
endotoxinemia with lactoferrin in rats. Langenbeck's Arch. Surg.,
386: 146-9

Nibbering, P.H., R. Danesi, J.W. van Itwout, J.J. Van Dissel, S. Senesi and
A. Lupetti, 2002. Antimicrobial peptides: therapeutic potential for
the treatment of Candida infections . Expert. Opin. Invest. Drug, 11:
309-18

Opal, S.M., 2003. Severe sepsis and septic shock: defining the clinical
problem. Scandanavian J. Infect. Dis., 35: 529-34

Pricolo, V.E., SM. Madhere, S.D. Finkelstein and J.S. Reichner, 1996.
Effects of lambda-carrageenan induced experimental enterocolitis on
splenocyte function and nitric oxide production. J. Surg. Res., 66: 6—
11

Prins, J.M., S.J. van Deventer, E.J. Kuijper and P. Speelman, 1994. Clinical
relevance of antibiotic-induced endotoxin release. Antimicrob.
Agents Chem., 38: 1211-8

Ragqib, R., S.M. Mia, F. Qadri, T.I. Alam, N.H. Alam, A.K. Chowdhury,
M.M. Mathan and J. Andersson, 2000. Innate immune responses in
children and adults with Shigellosis. Infect. Immun., 68: 3620-9

Reiter, B., 1983. The biological significance of lactoferrin. Int. J. Tissue
React., 5: 87-96

Roberts, A.K., R. Chierici, G. Sawiatzki, M.J. Hill, S. Valpato and V. Vigi,
1992. Supplementation of an adapted formula with bovine lactoferrin
: 1-effect on the infant fecal flora. Acta Paed., 81: 119-24



RAGAB AND IBRAHIM / Int. J. Agri. Biol., Vol. 6, No. 3, 2004

Rossi, P., F. Giansanti, A. Boffi, M. Ajello, P. Valenti, E. Chiancone and G.
Antonini, 2002. Ca*" binding to bovine lactoferrin enhances protein
stability and influences the release of bacterial lipopolysacchoride.
Biochem. Cell Biol., 80: 41-8

Saadia, R., M. Schein, C. MacFarlane and K.D. Boffard, 1990. Gut barrier
function and the surgeon. British J. Surg., 77: 487-92

Samaranayake, Y.H., L.P. Samaranayake, E.H. Pow, V.T. Bana and K.W.
Yeung, 2001. Antifungal effects of lysozyme and lactoferrin against
genetically similar sequential Candida albicans isolated from a
human immunodeficiency virus — infected southern Chinese cohort.
J. Clin. Microbiol., 39: 3296

Semenov, D.V., T.G. Kanyshkova, A.M. Ahimzhanov, V.N. Buneva and
G.A. Nevinsky, 1998. Interaction of human milk lactoferrin with
ATP. Biochem., ( Moscow) 63: 944-51

Snedecor, G.W. and W.G. Cochran, 1976. Statistical Methods p: 298. 6"
Ed. Ames, Iowa states Univ. Press

Swart, P.J., M.E. Kuipers, C. Smit, B.W. van der Strate, M.C. Harmsen and
D.K.F. Meijer, 1998. Lactoferrin :antiviral activity of lactoferrin, pp.
205-13. In: Spik, G., D. Legrand, J. Mazurier, A. Pierce, and J.
Perraudin (eds.), Advances in lactoferrin research. Plenum Press,
New York , N.Y

van Saene, HK., C.P. Stoutenbeck and D.F. Zandstra, 1998. Selective
decontamination of the digestive tract (SDD) in multiple trauma
patients. J. Trauma., 44: 570-2

Pothoulakis, C. and C.P. Kelly, 1999. Bovine immunoglobulin concentrate-
Clostridium difficile retains C difficile toxin neutralising activity
after passage through the human stomach and small intestine. Gut,
44:212-7

Welling, M.M., A. Paulusma, E.K.J. Pauwels and P.H. Nibhering, 2000.
Technetium labelled antimicrobial Peptides that discriminate
between bacterial infections and sterile inflammations. European J.
Nucl. Med., 27: 292-301

Yu, R.H. and A.B. Schryvers, 2002. Bacterial lactoferrin receptors : insight
from characterizing the Moraxella bovis receptors. Biochem. Cell
Biol., 80: 81-90

(Received 06 March 2004; Accepted 12 April 2004)

580



