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The aim of our studies was to establish which enzymes constitute the “cGMP path-

way” in rat and guinea pig peritoneal macrophages (PM). We found that in guinea pig

PM synthesis of the nucleotide was significantly enhanced in response to activators of

soluble guanylyl cyclase (sGC) and it was only slightly stimulated by specific activa-

tors of particulate guanylyl cyclases (pGC). In contrast, rat PM responded strongly to

atrial natriuretic peptide (ANP), the activator of pGC type A. The rat cells synthesized

about three-fold more cGMP than an equal number of the guinea pig cells. The activity

of phosphodiesterases (PDE) hydrolyzing cGMP was apparently regulated by cGMP

itself in PM of both species and again it was higher in the rat cells than in those iso-

lated from guinea pig. However, guinea pig PM revealed an activity of Ca
2+

/cal-

modulin-dependent PDE1, which was absent in the rat cells. Using Western blotting

analysis we were unable to detect the presence of cGMP-dependent protein kinase 1

(PKG1) in PM isolated from either species. In summary, our findings indicate that

particulate GC-A is the main active form of GC in the rat PM, while in guinea pig

macrophages the sGC activity dominates. Since the profiles of the PDE activities in

rat and guinea pig PM are also different, we conclude that the mechanisms regulating

cGMP metabolism in PM are species-specific. Moreover, our results suggest that tar-

gets for cGMP other than PKG1 should be present in PM of both species.
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The intracellular concentration of cGMP in-

creases after activation of guanylyl cyclases

(GC) and is regulated by the activity of phos-

phodiesterases (PDE). The cGMP signal is in

turn transmitted to other proteins of which

cGMP-dependent protein kinase 1 (PKG1) ap-

pears to be the most ubiquitous effector

(Lohmann et al., 1997; Lucas et al., 2000).

Guanylyl cyclases exist as cytosolic (soluble,

sGC) or membrane-bound (particulate, pGC)

enzymes (Bellamy & Garthwaite 2002;

Kobia³ka & Gorczyca, 2000). Both forms differ

in structure, mechanisms of activation, sub-

cellular localization, and supposedly cellular ef-

fects of their activities are also distinct

(Ivanova et al., 2001; Zolle et al., 2000). The sol-

uble cyclases are activated by nitric oxide

(Koesling et al., 1998), which is a known modu-

lator of immune responses (Hill et al., 1996;

Paolucci et al., 2000). Three isoforms (GC-A,

GC-B, and GC-C) of particulate cyclases are re-

ceptors for peptide hormones and are activated

either by natriuretic peptides (GC-A, GC-B) or

by guanylins and bacterial heat-stable entero-

toxins (GC-C) (Kobia³ka & Gorczyca, 2000;

Vaandrager, 2002). Two other particulate

cyclases (GC-E and GC-F), found mainly in the

photoreceptor cells of the vertebrate retina, are

regulated by intracellular interaction with cal-

cium-binding proteins named guanylyl cycla-

se-activating proteins (Dejda et al., 2002;

Gorczyca et al., 2003; Kobia³ka & Gorczyca,

2000). Cyclic nucleotide phosphodiesterases

catalyze hydrolysis of cyclic 3�,5�-nucleoside

monophosphates (cAMP and/or cGMP) to re-

spective 5�-nucleoside monophosphates. They

are classified into 11 different families

(PDE1–11), which differ in structure, sub-

strate specificity, mechanism of activation and

exhibit distinct tissue, cellular, and subcellular

expression (Francis et al., 2000; Soderling &

Beavo, 2000). Among the multiple isoforms of

phosphodiesterases, enzymes belonging to

seven families (PDE1, 2, 5, 6, 9–11) are able to

hydrolyze cGMP (Francis et al., 2000;

Witwicka et al., 2002).

The role and metabolism of cGMP in cells of

the immune system, including macrophages,

have not been extensively explored and are

still poorly understood. On the contrary, the

participation of cAMP in chemotaxis, phago-

cytosis, presentation of antigens, and secre-

tion of cytokines and other inflammatory me-

diators is well documented for mononuclear

phagocytes (Galea & Feinstein 2000;

Germain et al., 1998; Hahn et al., 1998;

Jaramillo & Olivier 2002; Turner et al.,

1993). Also cGMP has been shown to be in-

volved in several of these processes

(Connelly et al., 2003; Heinloth et al., 2002;

Kamisato et al., 1997; Ke et al., 2001; Kiemer

et al., 2000; Kiemer & Vollmar, 1998;

Mattana & Singhal, 1993; Tamion et al.,

1999; Yoshioka et al., 2003). However, the

available data on the expression of different

GC and PDE isoforms in macrophages are in-

complete and often contradictory. Activities

of soluble, particulate or both forms of

guanylyl cyclases have been reported to be

present in monocytes/macrophages of vari-

ous species (Bilzer et al., 1999; Hortelano et

al.,1993; Houdijk et al., 1990; O’Dorisio et al.,

1984; Syrovets et al., 1997; Witwicka et al.,

2002). There are only few reports concerning

the presence of cGMP-hydrolyzing PDEs in

macrophages (Prpic et al., 1993; Tenor et al.,

1995; Turner et al., 1993; Witwicka et al.,

2002). It has also been noted that expression

profiles of GC and PDE isoforms change dur-

ing maturation of monocytes to macrophages

(O’Dorisio et al., 1984; Gantner et al., 1997).

Since the expression of enzymes participat-

ing in cGMP signaling varies during develop-

ment of macrophages, the role of cGMP in

these cells is possibly also variable. Thus,

identification of the enzymes constituting

the “cGMP pathway” appears to be critical

for understanding the cellular effects of

cGMP. Here we report results of experiments

that have addressed the question which

isoforms of GCs, PDEs, and PKGs may con-

tribute to cGMP signaling in inflammatory
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macrophages isolated from peritoneal cavity

of guinea pig and rat.

MATERIALS AND METHODS

Reagents. Acrylamide, bis(N,N�-methyl-

ene-bis-acrylamide), ammonium persulfate,

SDS, TEMED, and Bromophenol Blue were

purchased from Fluka (Buchs, Germany);

CNBr-activated Sepharose 4B was from

Amersham Pharmacia Biotech AB (Uppsala,

Sweden). Alkaline phosphatase conjugated

anti-rabbit IgG and BCIP/NBT color develop-

ment substrate were purchased from

Promega (Madison, WI, U.S.A.). [3H]cGMP

was from NEN-Polatom (Otwock, Poland). An-

tibodies specific to PKG1 were purchased

from StressGen Biotechnologies (Victoria,

BC, Canada). ANP and CNP were obtained

from Calbiochem-Novabiochem (Darmstadt,

Germany). Aprotinin, cGMP, EDTA, EGTA,

GTP, Hepes, IBMX, leupeptin, pepstatin A,

PMSF, soybean trypsin inhibitor, STa, and

other chemicals were from Sigma Chemical

Co. (St. Louis, MO, U.S.A.).

Animals. Wistar male rats (150–200 g) and

male guinea pigs (300 g) were obtained from

the colony at the Institute of Immunology and

Experimental Therapy (Wroc³aw, Poland).

The animals were treated in accordance with

the procedures approved by the Local Ethics

Committee For Animal Experimentation in

Wroc³aw.

Cells. Peritoneal macrophages were pre-

pared as previously described (Gorczyca et al.,

1989; Witwicka et al., 2002). Thioglycollate

was intraperitoneally injected to rats and

guinea pigs (rat 10 ml, guinea pig 20 ml). Four

days later the animals were sacrificed and

peritoneal exudate cells were harvested. The

cells were centrifuged and remaining erythro-

cytes lysed by osmotic shock. After next two

washes with Hank’s balanced salt solution

(HBSS), the cells were resuspended in RPMI

1640 containing 2% heat inactivated

autologous serum and non-adherent cells

were removed. More than 95% of the isolated

cells were macrophages as determined by

morphological evaluation and their viability

was always >95% as determined by trypan

blue exclusion.

Induction of intracellular cGMP. Induc-

tion of cGMP in cells was performed accord-

ing to a procedure described elsewhere

(Kurowska et al., 2002). Briefly, the macro-

phages were transferred into a 48-well micro-

plate and allowed to rest for 30 min at 37�C be-

fore the experiments. Each well contained

2.5 � 105 cells in a final volume of 0.5 ml. An

inhibitor (IBMX) of PDE was added, and after

10 subsequent minutes of incubation at 37�C
the cells were supplemented with activators

(SNP, SNAP, ANP, CNP or STa) of guanylyl

cyclases. All samples were prepared in qua-

druplicate. After 30 min incubation, the reac-

tion was terminated, the cells were disinte-

grated, and intracellular content of cGMP was

determined.

Measurement of intracellular cGMP. Ac-

cumulated cGMP was measured using im-

munoenzymatic assay based on polyclonal an-

tibodies highly specific for cGMP (Kobia³ka et

al., 2002). Antibodies were raised in rabbits

by immunization of the animals with conju-

gates of human serum albumin (HSA) and

cGMP (HSA-cGMP) according to the proce-

dure described by Horton & Baxendale (1995).

To prevent the undesired cross-reactivity, the

obtained antisera were adsorbed using col-

umns containing HSA-cAMP conjugates (pre-

pared in the same way as HSA-cGMP) coupled

to Sepharose 4B. The antibodies not bound to

the column were evaluated for specificity and

then used in the assay. The assay was per-

formed in 96-well microplates (MaxiSorp

plates, Nalge Nunc International, Naparville,

IL, U.S.A.) coated with 0.5 �g/ml conjugates

of thyroglobulin and cGMP in phosphate buf-

fered saline (PBS) and blocked with 0.2% ca-

sein in PBS. To improve the sensitivity, the

samples and standard solutions of cGMP were

acetylated before the assay by addition of a

2:1 (v/v) mixture of triethylamine and acetic
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anhydride. The acetylated or non-acetylated

samples were preincubated with antiserum

for 2 h at 4�C, then transferred into

microplate wells and incubated for 1 h at 4�C.

The supernatants with antisera were re-

moved, the plates were washed and, in order

to detect the bound primary antibodies, incu-

bated for 1 h at room temperature with

anti-rabbit IgG goat antibodies conjugated to

horseradish peroxidase. The color reaction

was developed using tetramethylbenzidine as

a substrate and the absorbance of each well

was measured in a Dynatech MR5000 plate

reader. The amount of cGMP in the sample

was calculated from a calibration curve pre-

pared for each plate separately.

Preparation of subcellular fractions. The

procedures were performed at 4�C according

to Germain et al. (1998). Freshly isolated

macrophages were resuspended at 2.5 � 108

cells/ml in homogenization buffer (10 mM

Tris/HCl, pH 7.5, containing 1 mM MgCl2,

1 mM DTT, 5 �M pepstatin A, 10 �M

leupeptin, 50 �M PMSF, 10 �M soybean

trypsin inhibitor and 1 mM benzamidine) and

sonicated on ice. The homogenate was centri-

fuged at 100000 � g for 1 h. The supernatant

was collected and the pellet resuspended in

equal volume of homogenization buffer. The

supernatants and resuspended pellets were

used in determination of PDE activity as the

soluble and particulate fractions, respectively.

Determination of phosphodiesterase ac-

tivity (PDE assay). The PDE activity was de-

termined in the obtained fractions (soluble or

particulate) at 37�C according to the proce-

dure described previously (Witwicka et al.,

2002). Briefly, the reaction samples (100 �l fi-

nal volume) were prepared in duplicate and

contained 40 mM Hepes, pH 7.6, 5 mM MgCl2,

0.1% bovine serum albumin, 0.5 �M

[3H]cGMP (40000 cpm), activators and inhib-

itors. The reaction was initiated by addition of

10 �l of the tested fraction containing approxi-

mately 20 �g of protein, and was terminated af-

ter 15 min by boiling the samples. After separa-

tion of the product from the substrate, the radio-

activity of the product was measured in the

Wallac-LKB liquid scintillation counter.

SDS/PAGE and Western blotting. Cellu-

lar extracts, containing 20–40 �g of protein as

determined by the BCA Protein Assay, were

resolved under reducing conditions in

SDS/PAGE using 12.5% acrylamide gels and

electrotransferred onto nitro-cellulose (Schlei-

cher & Schuell, Dassel, Germany). The mem-

branes were then blocked with 2% (w/v) ca-

sein and incubated for 1.5 h with anti-PKG1

antibodies. After washing with 50 mM Tris,

pH 7.5, 150 mM NaCl, 0.05% Tween 20

(TBST) and subsequently three times with 50

mM Tris, pH 7.5, 150 mM NaCl (TBS), the

membranes were incubated with anti-rabbit

IgG goat antibodies conjugated to alkaline

phosphatase and protein bands were visual-

ized using NBT/BCIP-based substrate.

RESULTS

Synthesis of cGMP in peritoneal

macrophages

In order to establish which isoforms of GCs

are responsible for cGMP synthesis in guinea

pig and rat peritoneal macrophages, the cells

isolated from both species were treated with

specific activators of soluble and particulate

guanylyl cyclases (Fig. 1). The experiments

were performed in the presence of IBMX, a

non-selective PDE inhibitor, to prevent hydro-

lysis of the synthesized nucleotide. The levels

of cGMP in unstimulated (control) guinea pig

as well as rat PM were similar (0.15 ± 0.01 and

0.12 ± 0.02 pmol/106 cells per 30 min, respec-

tively) indicating rather low basal activity of

GC in PM of both species.

Stimulation of guinea pig PM with SNP or

SNAP caused a significant (above 10-fold) in-

crease in the level of intracellular cGMP. At

the same time neither SNP nor SNAP were

able to induce cGMP synthesis in rat

macrophages (Fig. 1A).
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Treatment of rat PM with ANP resulted in a

large, about 40-fold higher than the control

value, accumulation of cGMP (Fig. 1B). In

contrast to the rat cells, ANP had no effect on

cGMP formation in guinea pig PM. However,

ANP applied at the same concentrations to

guinea pig kidney cells caused an increase of

the cGMP level indicating that the peptide

was able to induce cGMP synthesis in guinea

pig cells other than macrophages (not shown).

Interestingly, guinea pig macrophages re-

sponded with an over two-fold increase of

cGMP synthesis to natriuretic peptide type C

(CNP), which is an activator of particulate

GC-B. Heat-stable enterotoxin (STa), a known

activator of GC-C, did not affect cGMP synthe-

sis in macrophages of either species.

We also examined whether the presence of a

PDE inhibitor is indeed required to prevent

degradation of synthesized cGMP. The accu-

mulation of the nucleotide in PM of both spe-

cies was significantly diminished in the ab-

sence of IBMX (Fig. 2).

PDE activity in cellular fractions of guinea

pig and rat PM

The intracellular concentration of synthe-

sized cGMP is mainly controlled by the activ-

ity of phosphodiesterases and also by extru-

sion of the nucleotide outside the cell. The lat-

ter possibility could be ignored because more

than 90% of synthesized cGMP remained in-

side the cells (not shown). Since the results de-

scribed above clearly showed that in intact

PM a PDE activity is present (Fig. 2), we at-

tempted to determine how it may be regulated

and how it is distributed in the cells of both

species.

The PDE activity was measured in the solu-

ble and particulate fractions of rat and guinea

pig PM using [3H]cGMP as substrate. Two dif-

ferent concentrations of cGMP were used to

test if cGMP-hydrolyzing PDEs might be

cGMP-regulated. In order to verify whether

Ca2+ may affect hydrolysis of cGMP, the PDE

activity was measured in soluble fractions of

guinea pig and rat PM in the presence of

Ca2+/CaM or in the presence of EGTA. The re-

sults obtained are summarized in Table 1.

At 5 �M cGMP, the PDE activity in the solu-

ble fraction exceeded about 14-fold in rat and

6.5-fold in guinea pig PM the values measured

at 0.5 �M cGMP. Hydrolysis of cGMP de-

pended on the presence of Ca2+/CaM in

guinea pig but not in rat PM. In the particu-

late (membrane) fraction of PM the activity of

cGMP hydrolyzing enzymes was about one or-

der of magnitude lower than in the soluble

fraction but again it depended on cGMP con-

centration. In both fractions hydrolysis of

cGMP was strongly inhibited by 0.2 mM

Vol. 50 cGMP in peritoneal macrophages 841

Figure 1. Synthesis of cGMP in guinea pig (A) and

rat (B) peritoneal macrophages in response to ac-

tivators of soluble and particulate GCs.

Cells were stimulated for 30 min with indicated concen-

trations of activators of soluble (SNP, SNAP) and par-

ticulate (ANP, CNP, STa) guanylyl cyclases in the pres-

ence of 0.5 mM IBMX and intracellular cGMP was de-

termined as described in Materials and Methods. The

data shown are the means ±S.E. of three independent

measurements. The results are expressed as picomoles

of cGMP formed during 30 min in samples containing

1�10
6

cells.



IBMX which additionally proved the presence

of cGMP-hydrolyzing PDEs in PM.

Taken together, these results showed that in

macrophages of both species cGMP was hy-

drolyzed by cGMP-dependent PDEs, which

were present mainly in the cytosolic fraction.

In guinea pig PM an activity of Ca2+/CaM-de-

pendent PDE1 was present, which was absent

in rat PM. It should also be noted that the

PDE activity toward cGMP was markedly

higher in the rat cells than in those obtained

from guinea pig.

842 M. Kobia³ka and others 2003

Figure 2. Effect of PDE inhibitor on cGMP accumulation in guinea pig (A) and rat (B) PM.

Cells were incubated for 30 min without (control) or with indicated GC activators, either in the absence (black bars)

or in the presence of 0.5 mM IBMX (gray bars), and then intracellular content of cGMP was determined as described

in Materials and Methods. Other details are the same as in the legend to Fig. 1.

Table 1. Activity of cGMP-hydrolyzing phosphodiesterases in soluble and particulate fractions of

guinea pig and rat PM

Cells were homogenized, homogenates resolved to soluble and particulate fractions, and in both fractions the PDE activity was

determined either in the absence or in the presence of 0.2 mM IBMX using [
3
H]cGMP as the substrate according to the proce-

dure described in Materials and Methods. Control experiments were performed at 0.5 �M concentration of the substrate, while

the effect of cGMP was assayed in samples additionally supplemented with cGMP to a final concentration of 5 �M. In the soluble

fraction the PDE activity was additionally measured in the presence of either 250 �M Ca
2+

and 2.4 �M bovine calmodulin

(Ca
2+

/CaM) or 100 �M EGTA. The data shown are the means ±S.E. of at least three independent measurements. The normal-

ized results are expressed as picomoles of cyclic nucleotide hydrolyzed per minute in a sample containing 1 mg of total protein.



Expression of PKG1 in PM

PKG1 is considered to be the most ubiqui-

tously expressed enzyme regulated by cGMP

(Lohmann et al., 1997; Lucas et al., 2000).

Therefore, we examined whether this enzyme

is present in rat and guinea pig PM. PKG1 is a

soluble protein and the cytosolic fractions (ex-

tracts) of cells were subjected to Western blot

analysis using specific antibody to PKG1 for

immunostaining. Surprisingly, there was a

lack of specific staining in both PM extracts,

although the antibody recognized about 78

kDa band corresponding to the molecular

mass of PKG1 in lung extracts (control) of

both species (Fig. 3).

DISCUSSION

Many reports indicate that cGMP is involved

in modulation of several functions of macro-

phages but information concerning the en-

zymes responsible for the nucleotide metabo-

lism is limited. ANP-regulated particulate

GC-A activity was found in rat Kupffer cells

(Bilzer et al., 1999; Kiemer et al., 2002), rat

peritoneal exudate macrophages (Witwicka et

al., 2002), and human dendritic cells (Morita

et al., 2003). The argument for a role of this

enzyme is strengthened by the observation of

Throsby et al. (1993) that macrophages from

rat thymus are able to produce ANP them-

selves and thus the hormone may act through

GC-A as a paracrine or an autocrine regulator

of macrophage functions. The presence of

GC-A and lack of soluble GC was reported for

mouse bone marrow-derived macrophages

(Kiemer & Vollmar 1998; Kiemer et al., 2000)

but recently other authors showed expression

of soluble GC in those cells (Connelly et al.,

2003). The activities of both soluble and par-

ticulate GCs were observed in human

peritoneal macrophages (Houdijk et al., 1990)

and in macrophage cell line J774.16 (Mattana

& Singhay, 1993). Furthermore, soluble GC

activity was detected in resident rat

peritoneal macrophages maintained in cul-

ture (Hortelano et al., 1993; Tamion et al.,

1998) and in RAW 264.7 cells (Ke et al., 2001).

In the light of recent data suggesting different

cellular functions for the soluble and particu-

late GCs (Ivanova et al., 2001; Zolle et al.,

2000), it is important to establish which forms

of GC are in fact expressed in a cell. In our

studies we attempted to determine which en-

zymes may participate in cGMP metabolism

and signaling in inflammatory macrophages

provoked to the peritoneal cavity of guinea pig

and rat. The peritoneal macrophages induced

in these animals are commonly used as mod-

els in studies on the role of macrophages in in-

flammatory processes (Galea & Feinstein

1999; Germain et al., 1998; Gorczyca et al.,

1989; Hortelano et al., 1993; Kelly et al., 1998;

Tamion et al., 1998; Turner et al., 1993). Using

known activators of pGCs and sGC, we dem-

onstrate that in guinea pig PM the activity of

soluble GC, regulated by NO, is markedly

higher than activity of pGC. An opposite ef-

fect is observed in the case of rat macrophages

where sGC activity is completely absent and

only GC-A is recognized as an active GC.

Based on the observations of O’Dorisio et al.,

(1984) that during in vitro maturation of hu-

man peripheral blood monocytes to

macrophages cGMP is synthesized mainly by

the sGC in monocytes but by the pGCs in

macrophages, one can not exclude the possi-
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Figure 3. Expression of PKG1 in guinea pig and

rat PM.

Extracts containing soluble proteins (40 �g) from PM

were subjected to SDS/PAGE and Western blotting

analysis as described in Materials and Methods using

primary antibody to PKG1 (diluted 1:1000). Extracts

containing 40 �g of soluble proteins from guinea pig

and from rat lung were used as reference standards for

PKG1 expression. Lanes 1–4 contain extracts of

guinea pig macrophages, guinea pig lungs, rat

macrophages, and rat lungs, respectively.



bility that macrophage maturation is com-

pleted in a shorter time in rat than in guinea

pig. This suggestion seems to be supported by

the observations that guinea pig PM reveal

low GC-B activity (Fig. 1a), which increases

during the culture of the cells (Kobia³ka &

Gorczyca, unpublished). Further studies are

needed to establish whether the distinct ex-

pression of sGC and pGC activity in guinea

pig and rat PMs is species-specific or rather it

reflects differences in kinetics of the matura-

tion of monocyte-derived cells in these spe-

cies.

Similarly to GCs, also the expression of

PDEs was reported to change during matura-

tion of monocytes to macrophages (Gantner et

al., 1997). It was suggested recently that

cGMP may be hydrolyzed by at least three dif-

ferent isoforms of PDEs in rat peritoneal

macrophages (Witwicka et al., 2002) but the

presence of cGMP-hydrolyzing PDEs was

rather excluded in guinea pig PM (Kelly et al.,

1998; Turner et al., 1993). However, the abil-

ity of guinea pig PM to synthesize cGMP de-

scribed here suggests that these cells should

express cGMP-hydrolyzing PDEs. Therefore,

we verified whether such activity is detectable

in guinea pig PM. Our results clearly show

that PDEs hydrolyzing cGMP in a cGMP-de-

pendent manner are present in guinea pig

PMs, although their activity is much lower

than that observed in rat PM. Interestingly,

we also detect in guinea pig PM the activity of

a Ca2+/CaM-dependent PDE, which is not

present in rat PM.

An important observation is that PKG1 is

apparently not expressed in PM of either spe-

cies. It is documented that this kinase is re-

sponsible for cGMP effects in several immune

cell types (Fisher et al., 2001; Kamisato et al.,

1997; Pryzwansky et al., 1995) and specific an-

tibodies detect PKG1 in cells of different

mouse lymphoid organs (Kurowska et al.,

2002). However, using the same antibodies we

were not able to detect PKG1 in either guinea

pig or rat macrophages. Based on this obser-

vation, we suggest that in these cells the

cGMP-regulated PDEs might be the effector

enzymes for cGMP. The PDE activity is as-

sumed to be the main factor determining the

duration of the cGMP and/or cAMP signals.

PDEs belonging to six families (PDE2, 5, 6, 10

and 11) are cGMP-regulated and three of them

(PDE2, 10, 11) may hydrolyze both cGMP and

cAMP (Francis et al., 2000; Soderling & Beavo

2000). If they are present in PM they may con-

trol the concentration of both nucleotides in a

cGMP-dependent manner. Thus, cGMP ap-

pears as an important regulator of inflamma-

tory response in PM because cAMP is a known

mediator of this process in macrophages (Ga-

lea & Feinstein 1999; Hahn et al., 1998; Jara-

millo & Olivier, 2002).

In summary, our results show that cGMP

may be synthesized and hydrolyzed in peri-

toneal macrophages of rat and guinea pig but

the profiles of GC and PDE expression in PM

of both species are different. Since PKG1 is

apparently absent in these cells, the cGMP-re-

gulated PDEs are major candidates to mediate

the nucleotide effects in PM.
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