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Summary. The results of the treatment of chronic bacterial
prostatitis are disappointing. The current status of antimi-
crobial and immunological research is described. While both
a local and systemic antibody response is demonstrated in
acute bacterial prostatis, only a local antibody production
is found in chronic bacterial prostatitis. This response as
reflected in the expressed prostatic secretion is specific for
the infecting organism and immunoglobulin A is the major
antibody class involved. Drug penetration into the prostate
has mainly been studied in dogs and the ideal drug appears
to be a lipid-soluble base which will concentrate in the
slightly acidic prostatic secretion because of ion-trapping.
However, these results are not directly applicable to hu-
mans because of the slight alkalinity of human prostatic
secretion, the localization of the chronic inflammatory
process in the interstitium, and the evidence of an active
secretory mechanism for trimethoprim. The clinical conse-
quences of these findings are discussed in relation to several
recent studies and the treatment with lipid-soluble bases
with a low plasma protein binding over extended periods is
recommended.
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Introduction

Chronic bacterial prostatitis occasionally causes recurring
urinary tract infections in males and although great efforts
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have been invested in postatitis treatment, results have been
rather disappointing. The cure rates have varied from 32%
to 71% in the most promising series employing trimethoprim-
sulfamethoxazole, possibly because of poor drug penetra-
tion into the prostate |1]. In order to account for these poor
results of treatment, studies have been performed to eluci-
date the immunological mechanisms combating bacterial
colonization of the prostate and to describe the principles
responsible for drug penetration into the various prostatic
compartments. While the immunological research has been
performed mainly in humans, most of the experimental drug
studies have been conducted in dogs because no human ex-
perimental model has yet been available. The results should
therefore be interpreted with caution, mainly because of
differences in the pH of prostatic secretion of humans and
dogs [2]. In the following we will briefly review the current
theories concerning immunology in bacterial prostatitis and
drug penetration into the prostate gland.

Immunological Considerations

As in infections of other organ systems, both local and sys-
temic immunological responses may be elicited in genitouri-
nary infections. Using an immunofluorescent test for anti-
body-coated bacteria in urine, Thomas et al. [3] and Jones
et al. [4] found positive results in patients with pyelonephri-
tis. In several patients, however, no corresponding circulat-
ing antibody response was demonstrated, suggesting a local
antibody production in the kidneys.

Only a few immunological studies have been carried out
in patients with bacterial prostatitis, some determining the
total amount of immunoglobulin in prostatic secretion [5,
6] and others measuring serum agglutination titres [7, 8].
Recently, Shortliffe et al. demonstrated both a local pros-
tatic and systemic antigen-specific antibody response [9, 10].



In 1971 Ablin et al. [11] demonstrated the existence of
production sites of immunoglobulin G and A in the pros-
tate, and later Jones demonstrated immunoglobulin specific
for the infecting E. coli in the expressed prostatic secretion
(EPS) from two patients with bacterial prostatitis [12]. Gray
et al. found significant elevations of total immunoglobulin
G, A and M in the prostatic secretion of patients with chron-
ic bacterial prostatitis, but did not identify the relevant an-
tigens [5]. The drawback in determining total immunoglo-
bulin is that the levels are variable from day to day in secre-
tory fluids [9], making interpretation difficult. Some au-
thors have studied ejaculates from patients with prostatitis
and found increased levels especially of immunoglobulin A
[13, 14]. The significance of these findings is unclear, how-
ever, because the ejaculate represents a mixture of fluids
from several locations and because increased immunoglo-
bulin A levels also have been proven in benign prostatic hy-
perplasia and prostatic adenocarcinoma [15]. Using a bac-
terial agglutination test reflecting mainly the activity of
serum immunoglobulin M, Meares reported that patients
with chronic bacterial prostatitis generally had increased se-
rum antibody titres, while patients with E. coli urethritis
did not elicit any systemic antibody response [7]. The same
author later demonstrated a decrease in antibody titres to
normal levels in patients with bacterial prostatitis following
relevant antibiotic therapy [8].

Although these studies indicate both local and systemic
immunological responses to prostatic infection, these re-
sponses were not described thoroughty until the publica-
tions by Shortliffe et al. [9, 10]. Because of the small
amounts of prostatic secretion generally obtained and the
low concentrations of antigen-specific antibodies (A-SA),
these authors selected a highly sensitive solid-phase radio-
immunoassay (SPRIA) and formalin-fixed whole bacterial
antigens. In one patient with acute bacterial prostatitis
caused by E. coli the levels of immunoglobulin G A-SA in
both EPS and serum were equally elevated, suggesting tran-
sudation of immunoglobulin into the infected prostate gland.
The duration of the response was 4—5 months. Total im-
munoglobulin levels in the same fluids were relatively con-
stant and higher in serum than in EPS. The elevation of im-
munoglobulin A A-SA was much more pronounced in EPS
than in serum, demonstrating a local immune response in-
dependent of the systemic response. In contrast, another
patient with chronic bacterial prostatitis developed neither
an immunoglobulin G A-SA nor an immunoglobulin A A-SA
response in serum, but only in EPS, indicating local pros-
tatic production of both immunoglobulin G and A. It was
also shown that this local A-SA response is specific for the
infecting organism and that immunoglobulin A is the major
antibody-class involved in the local response to prostatic in-
fection. Measurements of total serum or EPS immunoglo-
bulin and serum A-SA consequently do not reflect the pros-
tatic immune response as well as do A-SA of EPS, which
now can be expressed more conveniently in weight/volume
units instead of dilutional titres [16]. Employing the same
SPRIA technique, Fowler and Mariano [17] confirmed that

the local prostatic immunoglobulin A A-SA production is
independent of the systemic immune response.

Drug Therapy

Theoretical Considerations. Drug penetration into the pros-
tate gland is governed by the same principles that determine
drug passage across biological, lipid-containing membranes
in general. The original studies in dogs carried out by Stamey
et al. [18, 19] especially stressed the role of non-onic dif-
fusion of drugs across membranes with different pH values.
The ideal physico-chemical properties for a drug to appear
in the prostatic secretion (PS) were also described. The pro-
cess of drug penetration is supposed to be passive and con-
sists of diffusion and concentration. Basically, the antimi-
crobial drug should be a lipophilic and uncharged substance
because biological membranes do not allow the passage of
lipophobic or charged substances; that is, the drug should
have a high lipid/water partition coefficient and not be ion-
ized at plasma pH 7.4. The degree of protein-binding is also
important in determining the fraction of drug available for
diffusion. Furthermore, the size and shape of the molecule
might be significant because small water-soluble molecules
can cross biological membranes as part of the free water dif-
fusion. Most antimicrobials are weak bases or weak acids;
consequently, differences in the hydrogen ion concentra-
tion in plasma and PS are crucial in introducing the phe-
nomenon of ion-trapping. This implies that when equilibrium
has occurred the greatest drug concentration (sum of charged
and uncharged fractions) is on the side of the membrane
which has the greatest degree of ionization. In dogs with
prostatic secretion pH of 6.4, weak acids (low pKa) will
concentrate on the plasma side and weak bases (high pKa)
in the PS, the degree of ion-trapping being dependent on
the pKa of the antimicrobial. In the dog model the concen-
tration of a base in PS might exceed the corresponding plas-
ma concentration: the higher the pKa, the higher the con-
centration of the drug. Contrarily, the concentration in PS
for an antimicrobial acid will only approach the plasma con-
centration, the PS concentration increasing with increasing
pKa. Among antimicrobials fulfilling these requirements are
trimethoprim (lipid-soluble base of pKa 7.3) and the basic
macrolides (lipid-soluble bases with pKa 8.5 [oleandomycin]
and 8.8 [erythromycin]), in contrast to the penicillins, sul-
fonamides and tetracyclines. Regarding the relevance of
measuring drug concentration in PS, the site of infection in
chronic bacterial prostatitis must be considered. As shown
by Blacklock [20], the inflammation is focal and mostly
localized to the peripheral zone of the prostate, while in ex-
perimental chronic prostatitis in dogs we found the inflam-
matory changes mainly in the interstitial tissue and not in
the acini as in acute prostatitis [21]. Consequently, a com-
parison of plasma concentrations to both PS and prostatic
interstitial fluid (PIF) concentrations might be of interest in
evaluating the therapeutic possibilities of a given antimicro-
bial substance.



Fig. 1. Schematic drawing of the dog model during drug study
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Fig. 2. Trimethoprim concentrations in dog plasma, prostatic in-
terstitial fluid and secretion during drug study (from Baumueller
and Madsen 1982)
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Fig. 3. Erythromycin concentrations in dog plasma, prostatic in-
terstitial fluid and secretion during drug study (from Baumueller
and Madsen 1982)

Experimental Data

Employing sexually mature male mongrel dogs we devel-
oped a two-stage model for testing antimicrobials in the
prostate [22]. The dogs were anaesthetized with sodium thio-
penthal intravenously and a 10 x 6 mm multiperforated
polyethylene tissue chamber with two connective tubings
was implanted in each lateral lobe of the prostate. The tub-
ings were sealed with heparin and placed subcutaneously
for collection of PIF during the drug study.

Approximately 4 weeks later the dogs were anaesthetized
again and a low paramedian abdominal incision was made as
before. The urethra was ligated at the bladder neck to pre-
vent urine contamination of the PS obtained from a 14F
urethral catheter. The vasa deferentia were also ligated.
Urine was obtained from a cystostomy and PIF from the
tubings of the prostatic tissue chambers (Fig. 1). To main-
tain a constant plasma drug concentration an intravenous
bolus injection of the drug was followed by constant intra-
venous infusion for 4 h. To stimulate prostatic secretion, pilo-
carpin (0.25 mg/kg) was given intravenously initially and
when needed during the experiment. PS, PIF, plasma and
eventually urine were collected at 30 min intervals during
the study. In order to examine drug concentrations in dogs
with bacterial prostatitis the prostate in these dogs was freed
from the surrounding fat and a suspension of 10® E. coli in
0.5 ml saline was injected into a branch of the prostatic ar-
tery. To limit infection to the prostate the surrounding tis-
sue was washed with ampicillin solution before closure [21].

After the experiments the dogs were sacrificed, tissue
from various organs was removed, and the drug concentra-
tion in the tissues and various prostatic fluids was deter-
mined by bioassay employing a disk diffusion method. Sul-
famethoxazole was determined by the Bratton-Marshall
method [23].

Generally, the implanted tissue chambers healed in with-
out infection and during the drug study yielded 0.03 to 0.1
ml of a clear yellowish fluid every 30 min. Culture of E. coli
from PIF and PS in the prostatitis dogs confirmed the es-
tablishment of an experimental bacterial prostatitis.

The concentration of the bases trimethoprim (Fig. 2)
and erythromycin (Fig. 3) in both PS and PIF exceeded the
plasma level; the highest concentrations were found in the
PS. The concentration pattern of acids such as sulfamethoxa-
zole (Fig. 4), and amplicillin and amphoteric substances such
as doxycycline (Fig. 5), differed in that the plasma concen-
trations were highest and the PS concentrations lowest. The
separation of the concentration graphs for doxycycline,
which is a lipid-soluble amphoteric tetracycline with three
pKa’s, was the least pronounced. However, no statistically
significant differences were found between the PIF/plasma
ratios and the PS/plasma ratios for any of the drugs studied,
which is important clinically because PIF usually cannot be
obtained from humans. Comparison of PIF/plasma ratios
for dogs with normal and infected prostates revealed signifi-
cant differences for erythromycin (p < 0.001) but not for
trimethoprim, sulfamethoxazole, doxycyclin or ampiciltin.
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Fig. 4. Sulfamethoxazole concentrations in dog plasma, prostatic
interstitial fluid and secretion during drug study (from Baumueller
and Madsen 1982)
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Fig. 5. Doxycycline concentrations in dog plasma, prostatic inter-
stitial fluid and secretion during drug study (from Baumueller and
Madsen 1982)

Only minor differences in pH were found, with a slight in-
crease in some dogs with prostatitis and a slight decrease in
others [24].

Most penicillanic acid derivatives tested appeared in re-
latively high concentrations in the PIF; generally the con-
centrations in PIF were 5 to 10 times higher than in the PS,
but never exceeded the corresponding plasma values. Both
carbenicillin and carbenicillin indanyl sodium had signifi-
cantly higher PIF/plasma ratios than the other penicillins,
while the ratios for mecillinam were significantly lower.
Carbenicillin and carbenicillin indanyl ester were not detect-
able in PS [25].

Clinical Application. As illustrated, the concentration of
bases in PS clearly exceeds the corresponding plasma levels
under steady state conditions, while the PIF /plasma and PS/
plasma ratio for acids only approaches 1.0, confirming the
theories presented by Stamey et al. [18, 19]. However, there
is a significant difference between the hydrogen ion con-
centration in dogs and humans, the pH of PS being approxi-

mately 6.4 in both normal and infected dogs opposed to pH
values of 7.3 and 8.3 in the PS of normal and infected hu-
mans, respectively [2]. This implies that acids rather than
bases will be charged in the alkaline human PS and there-
fore concentrated because of ion-trapping, assuming that
the diffusion-concentration process is entirely passive. But,
in fact, this is not true for trimethoprim. In a patient with
urinary diversion (bilateral cutaneous ureterostomy) we
found trimethoprim concentrations in PS more than 40
times greater than in plasma, while the PS/plasma ratio ac-
cording to Stamey et al. [26] should be only 20:1, assum-
ing the pH in PS is 6 and the pKa of trimethoprim is 7.4.
The pH of the patient’s PS was 7 and the ratio therefore far
exceeds the theoretical ratio, if only passive secretion is
postulated. These data imply the existence of an active con-
centration mechanism [27]. As previously mentioned, clini-
cal application of results obtained in the laboratory hasbeen
disappointing. Several reasons must be considered, includ-
ing the described significance of the pH and the involvement
of an active secretion mechanism, perhaps regulated hor-
monally. In general, antimicrobial concentrations have been
measured in the PS rather than in the PIF, despite the evi-
dence that the interstitium is the site of infection in chronic
bacterial prostatitis [21]. Considering bases, the PIF concen-
tration will be lower than the PS concentrations and vice
versa for acids, resulting in too optimistic estimates for basic
substances andtoo pessimistic estimates for acidic substances.
In cases of marginal plasma levels the drug concentration in
PIF might not exceed the minimum inhibiting concentra-
tion (MIC) for a sufficient period.

The high failure rates of the trimethoprim-sulfonamide
combination might be explained by the trimethoprim-sulfa
ratio in the PIF which we previously foundto beonly 1:6.8,
whereas the ideal ratio for maximum synergism is 1:20
[28, 29]. The existence of a prostatic factor inhibiting the
antibacterial effect of trimethoprim on E. coli strains, and
thereby increasing the MIC enormously, might also con-
tribute to the poor clinical results [30]. Anatomical factors,
which result in poor drainage of the infectious process, and
the presence of prostatic calculi may be important in some
cases of chronic bacterial prostatitis [20, 31].

Although neither carbenicillin nor the carbenicillin in-
danyl ester appeared in PS but only in PIF in dog experi-
ments [25], some clinical studies [32, 33] report the ester
to be effective in treatment of chronic bacterial prostatitis.
In a recent clinical study, trimethoprim-sulfamethoxazole
and minocycline were found equally effective [34], while
Ristuccia and Cunha chose doxycycline for the treatment
of chronic bacterial prostatis because of its ability to pene-
trate the prostate, its broad antibacterial spectrum includ-
ing chlamydia and its few side effects [35]. The synergistic
combination of rifampicin and trimethoprim is also notable.
Giamarellou et al. found these combined drugs to have a
clinical and bacteriological cure rate of as high as 89% [36].
However, most of the patients in Giamarellou et al.’s series
suffered from the rather unusual Staphylococcus aureus pros-
tatitis. Since gram-negative pathogens are the major cause



of chronic prostatitis, it is difficult from this report to eval-
uate the effectiveness of the rifampicin-trimethoprim com-
bination.

Conclusion

The local prostatic immunological response described might
be valuable in differentiating between bacterial and non-
bacterial prostatitis in cases where localization studies are
unclear. However, much research still remains to be per-
formed before immune-stimulating drugs perhaps can be
applied clinically. When conventional antibacterial therapy
is considered, data obtained in dog studies should be inter-
preted with caution. It is suggested that, depending on the
bacterial sensitivity pattern, the drug of choice in the treat-
ment of chronic bacterial prostatitis should be a lipid-soluble
base with a low binding to plasma proteins or perhaps a
combination of two such drugs which act synergistically.
To obtain relevant concentrations in the PIF and prevent
relapsing urinary tract infections, high dosages over extended
periods are recommended.
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