
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY,
0066-4804/01/$04.0010 DOI: 10.1128/AAC.45.2.639–640.2001

Feb. 2001, p. 639–640 Vol. 45, No. 2

Copyright © 2001, American Society for Microbiology. All Rights Reserved.

Therapeutic Potential of Human Neutrophil Peptide 1
against Experimental Tuberculosis

SUDHIR SHARMA, INDU VERMA, AND G. K. KHULLER*

Department of Biochemistry, Postgraduate Institute of Medical
Education & Research, Chandigarh, India

Received 17 March 2000/Returned for modification 13 July 2000/Accepted 17 November 2000

The therapeutic efficacy of human neutrophil peptide 1 (HNP-1) against experimental tuberculosis in mice
on the basis of numbers of CFU has been examined. Mice infected with 1.5 3 104 CFU of Mycobacterium tu-
berculosis H37Rv and treated with different doses of HNP-1 injected subcutaneously exhibited significant clear-
ance of bacilli from lungs, livers, and spleens. There were time- and dose-dependent decreases in the bacil-
lary load in lungs, livers, and spleens of the HNP-1-treated animals compared to that in controls (untreated
animals). These observations strongly suggest the therapeutic activity of HNP-1 against tuberculosis.

The recent resurgence in the incidence of tuberculosis and
its association with human immunodeficiency virus infection
and AIDS warrants the development of new therapeutic strat-
egies for the effective control of tuberculosis. Despite the
outbreaks of multidrug-resistant strains of Mycobacterium tu-
berculosis and calls for new drug development, truly novel
compounds, which would significantly improve treatment, con-
tinue to elude us. Antibiotic peptides from higher eukaryotes
have gained considerable attention as an alternative to con-
ventional antibiotics owing to their potent antimicrobial activ-
ities in vitro (for a recent review see reference 2). The de-
fensins are a family of small antimicrobial peptides having six
highly conserved cysteine residues, resulting in three disulfide
linkages. Human neutrophil peptide 1 (HNP-1) is one of the
four types of defensins present in the azurophilic granules of
polymorphonuclear neutrophils. HNP-1 has been demon-
strated to exhibit potent in vitro bactericidal activity against a
wide variety of microbes, including mycobacterial species (5).
Recently, we have reported the ability of HNP-1 to kill M.
tuberculosis in vitro as well as ex vivo (6, 7). To date, no study
has been carried out to investigate the therapeutic efficacy of
HNP-1 against M. tuberculosis infections. In the present study,
the in vivo therapeutic potential of HNP-1 against experimen-
tal tuberculosis in a mouse model was investigated.

Six- to eight-week-old pathogen-free Laca (inbred) strain
mice were infected intravenously with 1.5 3 104 CFU of M.
tuberculosis H37Rv per mouse. After 15 days of challenge,
establishment of infection was confirmed by Ziehl-Neelsen
staining of whole-tissue homogenates of lungs, livers, and
spleens from four animals. Chemically synthesized HNP-1 with
the same primary structure and the same disulfide linkages
(i.e., between Cys-2 and Cys-30, Cys-4 and Cys-19, and Cys-9
and Cys-29) as native HNP-1 (obtained from Peptide Institute
Inc., Osaka, Japan) was used in this study. It was dissolved in
0.01% acetic acid and stored as a stock solution of 100 mg/ml
at 220°C (dissolved peptide was used within 3 weeks, as the

aqueous solution was stable for a few weeks only). To investi-
gate the therapeutic potential of HNP-1, infected animals were
divided into three groups (at least four animals in each group)
and were injected subcutaneously with two different doses of
HNP-1, i.e., 1 and 5 mg per mouse once weekly. Control ani-
mals were injected with 0.01% acetic acid subcutaneously. The
therapy was given for 1, 2, and 4 weeks. Animals were sacri-
ficed 7 days after the completion of therapy. The organs (lungs,
livers, and spleens) were removed aseptically and homoge-
nized in hand homogenizers containing 3 ml of sterile phos-
phate-buffered saline. Serial 10-fold dilutions of individual
whole-organ homogenates were plated on modified Youman’s
solid medium containing 1% bovine serum albumin. Plates
were incubated at 37°C for 4 to 6 weeks, and the bacterial load
in each organ was determined by CFU enumeration. Statistical
analysis was performed by two-way analysis of variance using
the MINITAB computer program. (Minitab Inc., State Col-
lege, Pa.)

The results of this study are presented in Fig. 1. There were
concentration- and time-dependent decreases in bacillary load
in all the organs studied, i.e., lungs, livers, and spleens. A
therapeutic dose of HNP-1 of 5 mg given subcutaneously re-
sulted in a significant decrease in CFU (P , 0.05) from lungs
after 1 week of therapy compared to controls. Further, in-
crease in the therapy for 2 and 4 weeks resulted in more than
a 1-log-unit decrease (P , 0.001) in CFU compared to con-
trols. Therapy with 1 mg of HNP-1 also resulted in a significant
decrease in CFU from lungs after 2 and 4 weeks (P , 0.01 for
both time points) compared to controls. Clearance of bacillary
load similar to that observed in lungs was seen in livers after
each time point at both the therapeutic doses of HNP-1. In
spleens, greater clearance of bacilli was observed after 1 week
of therapy even with 1 mg of HNP-1 (P , 0.01) than in con-
trols, whereas at the same time point, there was a nonsignifi-
cant decrease in log CFU in lungs and livers compared to
controls.

In the present study, significantly low concentrations of
HNP-1 (1 and 5 mg per mouse) were found to clear mycobac-
teria in vivo, relative to those required in in vitro (50 mg/ml) (4)
and ex vivo (40 mg/ml) (7) studies dealing with antimycobac-
terial activities. These findings suggest that some events other
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than the direct killing of bacilli are involved in the reduction of
viable mycobacteria in infected organs in vivo. Recently, Well-
ing et al. (10) showed that the antibacterial activity of HNP-1
in experimental infections in mice is accompanied by increased
leukocyte accumulation. As little as 4 ng of HNP-1 was found
to significantly decrease the bacterial counts in experimental
peritoneal Klebsiella pneumoniae infections. HNP-1 has been
shown to be chemotactic to T cells (1) and monocytes (8), and
it also induces the production of interleukin 8 in airway epi-
thelium (9). Thus, it can be hypothesized that HNP-1 may act
as an immunostimulatory molecule in vivo in tuberculosis-
infected mice, where it is recognized as an effector molecule of
innate immunity (3).

Although in vivo studies regarding the role of HNP-1 as an
antimicrobial agent against other bacterial infections are lim-
ited, this is the first report indicating the therapeutic potential
of HNP-1 against experimental tuberculosis. However, further
studies are required to investigate the in vivo immunostimula-
tory role of HNP-1 and its mechanism of action.
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FIG. 1. CFU enumeration in the lungs, livers, and spleens of in-
fected mice treated with HNP-1. Mice were infected with 1.5 3 104 M.
tuberculosis H37Rv organisms via the tail vein. HNP-1 at 1 (M) and 5
t mg per mouse was given subcutaneously for 1, 2, and 4 weeks (f,
control). Seven days after the completion of therapy, CFU were enu-
merated in lungs (a), livers (b), and spleens (c). Error bars represent
standard deviations for four animals in each group at each time point.
The statistical analysis was performed by two-way analysis of variance.
p, P , 0.05; pp, P , 0.01; ppp, P , 0.001.
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