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Atrial Natriuretic Peptide Precursor Material in

Rat Testis

ANGELIKA M. VOLLMAR, ANITA FmEDR[CH, AND RUDIGER SCHULZ

Atrial natriuretic peptide (ANP) has recently been sug-
gested to play a role in the regulation of male repro-

duction. Specifically, it has been shown to affect
steroidogenesis in Leydig cells. The data presented
here demonstrate that the rat testis also contains inunu-
noreactive, ANP-like material (IR-ANP). Characteriza-
tion of this material was conducted by high-pressure
liquid chromatography (HPLC) analysis employing two
different antisera to recognize either the C- or the N-
terminals of the ANP prohormone (ANP 1-126). The
IR-ANP corresponded to the 15 kd ANP precursor mol-
ecule (ANP 1-126), indicating the synthesis of ANP
within the testis. This was supported by the detection
of ANF messenger RNA transcripts (Northern blot hy-
bridization) in the testis. These data indicate that ANP
is expressed in the rat testis and support the notion that
it may function in a paracnne and/or autocrine fashion
in this organ.
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Since the discovery of atrial natriuretic peptide
(ANP) in the mammalian heart, most research has
focused on its potent natriuretic, diuretic, and Va-
sorelaxant effects (for review, see Cantin and Ge-

Correspondence to: Angelika M. Vollmar, Institute of Phar-
macology, Toxicology and Pharmacy, University of Munich,
Koniginstr. 16, 8000 Munich 22, Federal Republic of Germany.

This work was supported by the Deutsche Forschungsge-
meinschaft.

Received for publication March 2, 1990; accepted for publica-
tion May 2, 1990.

From the Institute of Pharmacology,
Toxicology and Pharmacy,

University of Munich, Munich,
Federal Republic of Germany

nest, 1985; Needleman et a!, 1989). It is now well
recognized that this peptide is involved in the hu-

moral and central regulation of body fluid volume
(for review, see Inagami et al, 1989; Baxter et al,
1988). However, there is increasing evidence that
ANP peptide might serve additional functions.
The peptide is present, and indeed is synthesized
in various organs unrelated to cardiovascular

physiology, some of these organs also have ANP

binding sites (for review, see Gutkowska and

Nemer, 1989; Stewart et a!, 1988). With regard to

the reproductive system, ANP seems to be associ-
ated with the corpus luteum (Vollmar et al, 1988b),

the ovaries (Kim et a!, 1989; Kim et al, 1987), and
the anterior pituitary (Morel et a!, 1989; Samson et

al, 1988a,b). Moreover, there is evidence that ANP

modulates steroidogenesis in Leydig cells through
a guanylate cyclase-coupled ANP receptor (Pan-
dey et a!, 1985, 1986; Mukhopadhyay et al, 1986).

However, the question of whether the testis itself
expresses the ANP has remained unanswered. In
this paper we report that the rat testis contains

ANP-like immunoreactivity as well as the corre-

sponding messenger RNA.
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Tissue Extraction

Male Sprague Dawley rats (300 to 400 g) were decap-
itated; their testes were removed and immediately trans-
ferred to hot (95#{176}C)0.1 N HCI (1 g tissue/lO ml) and were
boiled for 2 minutes in a microwave oven. Subsequently,
the tissue was homogenized (Polytron; setting 8, 15 sec-
onds), and the testis homogenate was again kept at 95#{176}C
for 2 minutes. After centrifugation (20,000g, 20 minutes,

4#{176}C)the clear supernatant (9 ml) was extracted by ad-
sorption to activated Amberlite XAD-4 adsorbent resin

(500 mg per column; Serva, Heidelberg, FRG). Elution
was carried out with 2.5 ml of 80% acetonitrile in 0.1%
trifluoroacetic acid; the material was lyophilized.

Separation Techniques

Gel filtration (GF). Lyophiized extract was taken up in

0.1 N acetic acid (200 p.1), centrifuged, and submitted to
Sephadex G-50 chromatography (Pharrnacia, Uppsala,
Sweden; column 9 x 1000 mm 0.1 N acetic acid, flow
rate 10 mI/hour). Calibration of the column was per-
formed with bovine serum albumin (V0), vitamin B
l2(V), rat pro-ANP (2-126), and rat AN? (99-126). Frac-
tions (2.5 ml) were pooled, lyophilized, and detected for
AN? by radioimmunoassay.

Reverse phase high performance liquid chromatography (RP-
HPLC). The IR-ANP fractions from gel filtration were
redissolved in 25 p.1 0.1% trifluoroacetic acid (TFA),
loaded onto a HPLC C18 ODS Ultrasphere TM column (5
p.m, 2 x 150 mm; Beckman Instruments), and eluted
with a linear gradient of acetonitrile in 0.1% TFA
(20-55%, 55 minutes). The flow rate was 0.2 mllminute
and the fraction size was 0.4 ml. Calibration was carried
out with rat-AN? fragments (103-123), (103-126), (99-
126) and the synthetic atrial natriuretic peptide precur-

sor AMP (2-126).

Antisera and Radioimmunoassay

Two different rabbit polyclonal antibodies directed to
either the C- or N-terminal parts of ANP(1-126) were
employed to detect ANP immunoreactivity. Antiserum
“Loisl” (Voilmar et al, 1988a) was raised against the ring

epitope of rat ANP (99-126). It does not detect any N-
terminal fragments of ANP (1-126), but cross-reacts
(40%) with synthetic rat pro-ANP (2-126). Antiserum

“Loisl” showed negligible crossreactivity (<0.001%)
with various neuropeptides such as 13-endorphin,

dynorphin B, dynorphin A, dynorphin A18,
a-neoendorphin, bovine-adrenal-medullary-22-peptide,
N-acetyl-13-endorphin, Leu-enkephalin, ACTH, arg8-
vasopressin, oxytocin, angiotensin II, dopamine, and
LHRH. Antiserum “GT-23” was generated against the
N-terminal fragment ANP(11-37) of the precursor
(Thibault et al, 1988). This antiserum does not recognize
ANP(99-126), the major circulating form of ANP, but
cross-reacts (100%) with the complete precursor ANP(1-
126). The radioimmunoassay employing antiserum
“Loisi” was performed as described by Arendt et al,

1985. The radioimmunoassay procedure for GT-23 fol-

lowed the protocol of Thibault et al, 1988. Human AN?

(1-30) was used as the standard, and the 1251-ANP (1-30)

as tracer (both purchased from Peninsula Laboratories,

UK).

Recovery Experiment

Recovery of the synthetic ANP (2-126) (1/pmol) added
to rat testis homogenate was performed as described by

Voilmar et a! (1988a), and amounted to 20 to 25%.

Northern Blot Hybridization

For preparation of an ANP-specific cRNA hybridiza-
tion probe, a 580 base Pst I-restricted ANP-cDNA frag-
ment, obtained from K. Bloch and J. Seidman (Boston,
MA), was subcloned in a pSP64 plasmid (Seidman et al,
1984). The Eco RI linearized plasmid served as a tem-
plate for ANP-cRNA transcription using 100 p.Ci
a-32P-uridine triphosphate (400 Cilmmol, Amersham,
FRG) and the SP6-Polymerase-promotor system de-
scribed by Melton et al, (1978). Total RNA was prepared
by the LiCI-urea technique (Auffray and Rougeon,
1980). After quantification by absorption at 260 nm, 40

p.g of mRNA was denatured in 1 mollL glyoxal (pH 5),
50% dimethylsulfoxide, and 10 mmolfL Na-Phosphate

buffer (pH 7) and was loaded onto a 1.2% agarose gel in
bromophenol blue, Ficoll 400, and ethidium bromide for
electrophoretic separation. The RNA was then blotted

onto a Nytran 13 N membrane (Schleicher & Schuell,
Dassel, FRG); the transfer was visualized as ethidium
bromide-stained RNA using a UV source. Prehybridiza-
lion was carried out in 50% formamide, 50 mmolIL Na-
phosphate buffer (pH 7), 1 molfL NaCl, 200 p.g/ml

salmon sperm DNA, 200 p.g/ml yeast RNA, 5 x Den-
hardt’s solution, 0.2% SDS, and 10 mmol for 3 hours at

70#{176}C.Hybridization was then performed by adding 2 x
106 cpmlml of the ANP-probe followed by 18 hours of
incubation. The membranes were then washed in 0.1 x
SSC containing 0.1% sodium dodecyl sulfate at room
temperature, and were subsequently exposed to an X-
ray film with intensifying screens at - 70#{176}C.

Results

Immunoreactive ANP (IR-ANP) was detected in

hydrochloric extracts of rat testis purified on Am-

berlite XAD adsorbent resin and by Sephadex G-50

gel filtration. Figure 1A shows that the AN? im-
munoreactivity eluted as a single peak with a mo-
lecular weight corresponding to synthetic rat-
pro-ANP (2-126). In some of the extracts, small

amounts of low molecular weight ANP-like mate-

rial were also detected. Correcting for the recovery
rate of approximately 25% of exogenous AN? (2-

126), the amount of IR-ANP extracted from rat tes-

tis was calculated to be approximately 2.5 pmol
IR-ANP/g testis. In comparison, the atrium, hypo-

thalamus, thymus of rats and the spleen of guinea

pigs contain approximately 50 mol, 6 nmol, 16
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Fig 1.-Chromatographical analysis
of IR-ANP extracted from rat testis. A.
Sephadex G-50 gel filtration of acidic ex-
tract of testis tissue. Aliquots of immu-
noreactive fractions were detected by
the antiserum “Loisl”. Calibration of
the column was performed as described
in “Materials and Methods,” and is in-
dicated by arrows. B. RP-HPLC. Pooled
material of the CF run was applied to
the C18 RP-HPLC column. The obtained
fractions (0.4 ml) were assayed for IR-
AN? using either antiserum GT-23
(#{149}-#{149})or antiserum “Loisl”
(+ - + -). Arrows indicate elution
positions of rat-ANP (103-123), ANP
(103-126), ANP (99-126), and AN? (2-
126), respectively.
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The data presented show that the rat testis con-

pmol, and 4.5 pmol IR-ANP/g wet tissue (Inagami
et a!, 1989; Vollmar and Schulz, 1988; Vollmar et al,
1989). ANP concentration in rat plasma has been

reported to be between 20 and 50 fmollml (Thibault

et a!, 1988).
For further characterization and verification of

the IR-ANP obtained by Sephadex gel filtration,

pooled immunoreactive material was submitted to
RP-HPLC analysis, and two antisera, capable of
recognizing either the C- or the N-terminal se-

quence of the ANP prohormone molecule, were
used for detection. As seen in Figure lB. both an-
tisera yielded an elution profile for testicular IR-
AN? which again showed only a single peak
coeluting with synthetic rat-AN? (2-126). The dif-

ferent amounts of IR-ANP detected by antiserum
“Lois!” and “GT-23” reflect their different cross-
reactivities for ANP(1-126).

Figure 2 demonstrates that the rat testis (lane 1)
contains mRNA which hybridizes to a 580-base Pst
I-restricted AN? cRNA probe (Seidman et al,

1984). The lower band clearly comigrates with the

rat atrial ANP transcript employed as control tis-

sue for detecting mRNA coding for ANP. Interest-
ingly, we observed an additional hybridization
band in the upper region. This material does not

seem to be due to nonspecific hybridization, as it
was visible even after higher stringency washing

of the membranes. We assume, therefore, that this
band may be tissue specific, ie, the transcriptional
organization of the ANP gene might be different in
the testis than the heart.

Discussion

fraction number

tains ANP-like material. Chromatographic analy-

sis, as well as employment of antisera capable of

recognizing either the N- or the C-terminal part of
the whole ANP precursor molecule, strongly sug-

gests that the extracted IR-ANP represents the

AN? prohormone (1-126). AN?(1-126) is consid-

ered to be the storage form of AN? (Cantin and

Genest, 1985); since the prohormone is not present
in the circulation of healthy rats (Thibault et al,

1988; unpublished observation), its synthesis

within the testis is suggested. The low molecular

weight AN? immunoreactivity identified with the

C-terminal directed antibody may reflect degrada-
tion of the prohormone during extraction or orig-
ination from the circulation. Recently we have
shown that the prohormone gets very rapidly de-
graded by tissue components (Voilmar et a!,

1988a). Our low rate of recovery of AN? (1-126)

may be due to rapid degradation of the peptide
within the tissue.

Proof that a peptide is synthesized in a given
tissue is provided by the presence of the corre-

sponding mRNA therein. This essential require-

ment (Northern blot hybridization) has been

demonstrated here for ANP and the rat testis.
More detailed studies are required to determine
whether the detected, second transcript of ANP

indeed represents a characteristic for the rat testis.

Whether this locally produced ANP exerts any

effects in vivo remains to be elucidated. In any
case, there is clear evidence that the testis is a tar-

get organ for AN?. Firstly, Leydig cells have ANP
binding sites partly coupled to guanylate cyclase

(Pandey et al, 1988, Marala and Sharma, 1988; Via-

suk et al, 1988). Secondly, AN? has been reported
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Fig 2.-Northern blot hybridization of rat testis mRNA. Lane
1: Total RNA (40 p.g) of the rat testis was isolated, electropho-
resed, and hybridized as described in “Materials and
Methods.” Lane 2: Total RNA (0.5 p.g) from rat atria was em-
ployed as the control for ANP mRNA expression.

to alter steroidogenesis of isolated interstitial cells:
AN? causes an inhibition of progesterone secre-
tion in murine tumor Leydig cells (?andey et al,

1985) and a stimulation of testosterone production
in normal mouse Leydig cells (Pandey et al, 1986,
Mukhopadhyay et al, 1986). Thus, a paracrine

andior an autocrine function for AN? in the testis
is highly possible.
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