
Tissue Guanosine-3′,5′-Cyclic Monophosphate Levels and
Soluble Guanylate Cyclase Activity: A POSITIVE CORRELATION
DURING UNILATERAL CRYPTORCHIDISM IN THE RAT TESTIS

W. Austin Spruill, … , Alton L. Steiner, H. Shelton Earp

J Clin Invest. 1978;62(3):568-576. https://doi.org/10.1172/JCI109162.

The relationship between the subcellular distribution of guanylate cyclase and tissue guanosine-3′,5′-cyclic
monophosphate (cGMP) levels was investigated in rat testes after surgically induced unilateral cryptorchidism. Placement
of one of a testis pair in the abdominal cavity results in loss of testicular weight and function in the abdominal testis
whereas the remaining scrotal testis appears to be functionally normal. Within 5 days after surgery, tissue cGMP levels
were increased by twofold in the abdominal testis. A fourfold elevation was noted from 10 to 30 days after surgery.
Whereas the homogenate guanylate cyclase activity was only slightly elevated 10 and 20 days postoperatively, a 200%
increase in the soluble guanylate cyclase activity was seen at 5 days. Between 10 and 30 days, the rise in activity was
>250% (P < 0.01). An increase in soluble guanylate cyclase activity was noted when the data were expressed as per
milligram protein, per milligram DNA or per whole testis. Conversely, particulate guanylate cyclase activity was reduced
by 40% in the cryptorchid testis. Kinetic analysis of the soluble enzyme prepared from abdominal and scrotal testes
yielded linear Line-weaver-Burke plots for both enzyme preparations with an identical Km for guanosine triphosphate, but
a three-fold higher maximal velocity for the abdominal enzyme. When the soluble guanylate cyclases from both testes
were mixed and assayed together, the activities were […]

Find the latest version:

https://jci.me/109162/pdf

http://www.jci.org
http://www.jci.org/62/3?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI109162
https://jci.me/109162/pdf
https://jci.me/109162/pdf?utm_content=qrcode


Tissue Guanosine-3',5'-Cyclic Monophosphate Levels

and Soluble Guanylate Cyclase Activity

A POSITIVE CORRELATIONDURINGUNILATERAL CRYPTORCHIDISM

IN THE RAT TESTIS

W. AUSTIN SPRUILL, ALTONL. STEINER, and H. SHELTONEARP, Departments of
Medicine and Pharmacology, University of North Carolina, Chapel Hill,
North Carolina 27514

A B S T RA C T The relationship between the sub-
cellular distribution of guanylate cyclase and tissue
guanosine-3',5'-cyclic monophosphate (cGMP) levels
was investigated in rat testes after surgically induced
unilateral cryptorchidism. Placement of one of a testis
pair in the abdominal cavity results in loss of testicular
weight and function in the abdominal testis whereas
the remaining scrotal testis appears to be functionally
normal. Within 5 days after surgery, tissue cGMP
levels were increased by twofold in the abdominal
testis. A fourfold elevation was noted from 10 to 30 days
after surgery. Whereas the homogenate guanylate
cyclase activity was only slightly elevated 10 and 20
days postoperatively, a 200% increase in the soluble
guanylate cyclase activity was seen at 5 days. Between
10 and 30 days, the rise in activity was >250% (P
< 0.01). An increase in soluble guanylate cyclase ac-
tivity was noted when the data were expressed as per
milligram protein, per milligram DNA or per whole
testis. Conversely, particulate guanylate cyclase ac-
tivity was reduced by 40% in the cryptorchid testis.
Kinetic analysis of the soluble enzyme prepared from
abdominal and scrotal testes yielded linear Line-
weaver-Burke plots for both enzyme preparations with
an identical Kmfor guanosine triphosphate, but a three-
fold higher maximal velocity for the abdominal en-
zyme. When the soluble guanylate cyclases from both
testes were mixed and assayed together, the activities
were additive rather than exhibiting synergism or
inhibition. These experiments indicate that the

This work was presented in part at the Federation of
American Societies for Experimental Biology meeting, April
1977, Chicago, Ill.

Received for publication 25 July 1977 and itn revised form
21 April 1978.

altered Vmax is not due to a transferable activator or
inhibitor.

An immunocytochemical technique was used to as-
sess the cell type in which the alterations in cGMP
metabolism occurred. Comparison of the scrotal and
abdominal testes revealed that the abdominal testis ex-
hibited enhanced cGMPimmunofluorescence within
the cells lining the inner aspect of the seminifer-
ous tubule as well as tubular elements and interstitial
cells. Thus, it is inferred that the correlated changes
in soluble guanylate cyclase activity and cGMPlevels
occur in several of the cell types that remain viable
within the cryptorchid testis.

INTRODUCTION
The precise role of guanosine-3',5'-cyclic monophos-
phate (cGMP)l in biologic regulation is unknown, but
an expanding and sometimes controversial literature
has implicated this cyclic nucleotide in the control of
diverse cellular functions (1), e.g., growth (2, 3), and
development (4, 5). To obtain insight into the biologic
role of cGMP, investigators have studied the regula-
tion of the components of cGMP metabolism. This
approach encompasses research on guanylate cyclase,
the enzyme which catalyzes the formation of cGMP
from guanosine triphosphate (GTP). There are two
major forms of guanylate cyclase, soluble and particu-
late. These can be separated by ultracentrifugation
and once separated, exhibited distinct properties (6, 7).
The ratio of the soluble to particulate activity varies
from tissue to tissue, as does the resting tissue cGMP
concentration (8, 9). However, the relationship be-

'Abbreviations used in this paper: GMP, guanosine-3',5'-
monophosphate; GTP, guanosine triphosphate; Ig, immuno-
globulin; LDH, lactic dehydrogenase.
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tween the activity of the two forms of guanylate
cyclase measured in vitro and the tissue concentra-
tion of cGMP remains to be fully elucidated. This
has been a difficult problem to approach because unlike
the well-studied adenylate cyclase, the guanylate
cyclases do not, inl most instances, responid in vitro
to the biologic stimuli which raise cGMPlevels (10).
Rather, there is good evidence that acute changes in
guanylate cyclase activity are mediated by the local
concentrations of divalent cations, adenine nucleo-
tides, and fatty acids (10-13). In addition, the oxida-
tion-reduction state of the tissue may be important in
regulating activity (14). Another control mechanism
may exist which governs the production of cGNIP,
i.e., the regulation of the total cellular content of
soluble and particulate guanylate cyclase. The present
report addresses this latter type of regulation;
specifically, two questions were asked: (a) Does the
partitioning of enzyme into the soluble and particulate
fraction bear a relationship to the tissue conitenit of
cGMP? and (b) Can the two formiis be regulated
independently?

In these experiments, unilateral cryptorchidism was
used as a model for examining cGMP metabolism
during testicular atrophy. A sustained elevatioin in
tissue cGMP, with a parallel iincrease in soluble
guanylate cyclase activity, was observed in the ab-
dominal testis. Thus, in the rat testis the tissue con-
centration of cGMPcorrelates best with the activity of
the soluble guanylate cyclase. Additionally, when coIn-
trasted with the increase in particulate guanylate
cyclase observed duriing rat liver regeneration (3, 4, 15),
the present data eimiphasize the potential for indcle-
pendeint regulation of the two formiis of guaniylate
cyclase.

METHODS

Male Sprague-Dawley rats (Charles River Breeding Labora-
tories, Inc., Wilmiinlgton, Mlass.) were renidered unilaterally
cryptorchid under ether anesthesia at 20 or 60 days of age.
A small incision was made in the abdomen and one testis
was gently forced into the abdominial cavity. A suture through
the tunica albuginea and the abdominial wall was sufficieint
to secure the testis in the abdominal cavity. The remiiaininlg
scrotal testis was usedl as a control for the abdominal testis
in all experimenits because comparisoni of the scrotal testes
from unilaterally cryptorchid rats with testes from age-
matchedl control rats revealed themii to be indistinguishable
with regardl to cGNIP levels andl guianivlate cyclase
activities.

Radwioitntutioas.say of cGAIP. At specific times after sur-
gery rats were sacrificed by cervical dlislocationi, anid samiiples
of testicular tissue (50-200 imig) were removed anid frozeni
immediately in liquidl nitrogeni. Frozeni tissues were weighed
an(cl homiiogenized in 1 ml of 6% trichloroacetic acidl (TCA).
After centrifugationi at 2,400 rpm for 20 miin, a 750-,ul por-
tion of the superniate was aspirate(d and( washed three timiies
with 10 vol of dliethyl ether. Samiiples were (lrie(l unider
nitrogeni at 60°C. Driedl samiiples were reconistitutedl in 1 nml of'a

0.05-M sodliumii acetate buffer, pH 6.2. Cyclic GNIP was de-
termiine( by radioimmunoassay according to Steiner et al.
(16). Specificity of the radioimmiunoassay for testicular cGNIP
has been dlescribed (5).

Guaniylate cijclase assail. Fresh tissue samples (100-300
mlig) obtained froml decapsulatedl testes were homnogeniized
in 20 vol of 0.25 NI sucrose, containing 10( mNI Tris-HCI
buffer (pH 7.6) at 4°C, using a Brinkmann Polytroni (Brink-
mann Instrumiiienits, Inc., Westhury, N. Y.) equipped with a
PT-10 Probe. Homogenizationi at a settinig of 4 for 20 s pro-
duced comnplete cellular disruptioni as determinied by light
microscopic examination of homogenized samples. Soluble
and particulate fractions were separated by centrifugation
at 105,000 g for 60 iiiin. Superniates were decanted, and the
pellets were washed and resuspenided in the originial volumiie
of buffer. Resuspenided pellets were then dispersed with
the Polvtron before assay (settinig of 5 for 15 s).

Guanylate cyclase activity was (letermiined accordinlg to
the mletho(d of Kimiiura andl MIurad (6). 150-I,l reactioni Imlix-
tures contaieled 3 miNM MInCl2, 15 mNI phosphocreatine, 20
gg creatine phosphokinase, anid 30-100 ,tg of the enzyme
preparationi. Guanylate cyclase assays were initiated by
addition of 1 mMI GTP andl incubated for 10 min at 37°C.
Assavs were terminated by the addition of 0.9 ml of a 50-mM1
sodium acetate buffer (pH 4.0) and heated for 2 min at 90°C.
The cGCMPgenerate(d was determiinled by radioimmunoassay.
Addition of 0.2 mMmix to the assay mixture was sufficient
to allow recovery of >90% of exogenously added cGMP.
When indicated, the particulate enzyme was treated by incu-
bating this fraction with 1% Tritoni X-100 (Rohm & Haas Co.,
Philadelphia, Pa.) for 1 h at 4°C before assay. Protein was
determiinied by the method of Lowry et al. (17). D)NA deter-
minationis were miiade according to the methodl of Burtoni
(18). Statistical analysis was performed by the Studlenit's t test
for paired observations.

The lactic dehydrogenase activity was determined by the
method of Wroblewski et al. (19). The 5-niucleotidase assay
was performiiedI uisinig a coupled assay system. The 30- to 50-
,ug protein samiiple was incubated with 0.2 mM5'-AMIP,
20 mMTris (pH 7.2), 5 mnM MgCl2, and 5 ,g of adenosine
dleaminase. Samples were incubated for 10 min at 37°C,
anid the reaction wvas terminated by the additioni of 5%
TCA. Undler these cond(litions, the conversioni of adeniosiine
to inosinie was comilplete anid results in anl optical dlensity
change which was measured in a Gilford spectrophotomiieter
(Gilfor(l Inistrumllent Laboratories Inc., Oberlin, Ohio). The
conversioni of 5'-AMIP to adeniosinie was calculate(d by sub-
tracting tissue llanks incubate(d without adeniosinie (lealniniase
or without 5'-AMP.

Im itnl lociltochleomical .sttn(lies. Antiserumii to cGNIP was
raised in rabbits by repeated injectioins of 2'-0-succinyl
cyclic GNIP conjugated to keyhole limpet hemocvanin. The
imm11unoglobulin fraction (Ig) of these antisera, having high
specific titers, were used as the primary immiiunioreagenit in
the localization of cGNIP. The antiserumii was placed on
air-driedl cryostat sections of unlfixed frozeni tissues. After
a 30-mm incubation in a miioist chamber at roomii temiiperature,
sectionis were washed for 3 min in phosphate-buffered salinie
at pH 7.2. Washinigs were repeatecl three timiies. The boundl
rabbit IgG was then localized 1y exposure of the sectionis
to fluoresceini isothiocvanate-co njugated goat IgG, raisedl
againist rabbit IgG. Sectionis wvere again incubated for 30 miin
followed by repeated rinsings in phosphate-buffered saline.
A 50% phosphate-buffered saline-glycerin solutioni was ap-
pliecl over the sectioni, andcl coverslips v.ere placecl oni the
slidles. Slides were examiinle(d by dark fiekl fltuorescenc e
microscopy with incident illumiination usiing 480- to 510-uiim
b)arrier filters.
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No significant staining was observed when the Ig fraction
from nonimmunized rabbits was used as the primary im-
munoreagent. No staining was observed if the fluorescein-
labeled goat-anti-rabbit IgG fraction was reacted with the
sections without prior exposure to the rabbit anti-cGMP
antibody. The cGMPstaining pattern could be competitively
inhibited with 50 ,uM cGMP. A complete review of
the specificity of this technique has recently been pub-
lished (20).

RESULTS
Surgically induced unilateral cryptorchidism results in
a time-dependent loss of testicular weight, germinal
cells, spermatogenic capacity and Sertoli's cell func-
tion (21, 22). Fig. 1 shows the effect of cryptorchidism
on cGMPmetabolism. A twofold rise in tissue cGMP
levels occurs within 5 days. A four- to sixfold increase
in cGMPpersists for at least 30 days. Homogenate,
soluble, and particulate guanylate cyclase activity was
also measured in abdominal and scrotal testis pairs.
Homogenate guanylate cyclase activity in the ab-
dominal testis was slightly increased 10-20 days after
surgery (Fig. 1). A more meaningful comparison of the
changes in activity of guanylate cyclase was seen when
the soluble and particulate forms were separated by
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ultracentrifugation. The soluble activity in the ab-
dominal testis doubled 5 days after surgery. A 250%
rise observed 10-20 days postoperatively progressed
to a 280% elevation at 30 days. The rise in specific
activity at 10 days is equivalent when expressed per
milligram protein or per milligram DNA (data not
shown). To show that an absolute rise in soluble
activity occurred, the data were expressed as soluble
guanylate cyclase activity per whole testis. By 10
days, a 55% reduction in tissue weight was observed,
but an absolute increase in soluble guanylate cyclase
activity was seen in the abdominal testis (0.86+0.06
vs. 0.73±0.09 nm cGMP/testis per min, n = 10,
P < 0.05). Whenthe particulate activity in the abdomi-
nal testis was examined, a significant decrease was seen
at all time points studied. Thus, the increase in tissue
cGMPlevels in the abdominal testis was paralleled by
a significant rise in soluble guanylate cyclase activity.

The testis is a heterogenous tissue, and unilateral
cryptorchidism results in a selective loss of specific
germinal elements within the seminiferous tubules. To
detect whether the loss of mature germinal elements
was the sole determinent of the observed changes, the
experiments were repeated in 20-day-old rats. At this
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FIGURE 1 Testicular guanylate cyclase activity and tissue cGMPconcentration at various times
after surgically induced unilateral cryptorchidism in adult rats. Guanylate cyclase activities and
tissue cGMPconcentrations were determined as described in Methods. Bars represent the mean
of the activities, or levels, and vertical lines, the SEM. The number of determinations is shown
in parentheses. Asterisks denote significant differences between activities or levels in abdominal
and scrotal testes.
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age spermatogenesis has only advanced into the first
meiotic division, and thus, the testis is virtually free
of mature germinal elements (23). Unilateral crypt-
orchidism produced a mean weight reduction of 35%
in the abdominal testis 10 days postoperatively. The
soluble guanylate cyclase activity was increased by
250%, and the particulate guanylate cyclase activity
was reduced by 40% (Table I). Whereas differences
in the hormonal milieu between the 20- and 60-day-
old rats exists, this model provides the opportunity to
study the effect of the abdominal location on testes
in the absence of mature germ cells. The results indi-
cate that the observed changes do not simply reflect
the loss of mature germinal elements in the crypt-
orchid testis of the 60-day-old rats.

Additional experiments were performed in an
attempt to indirectly determine if the increase in
soluble guanylate cyclase activity, observed in the
abdominal testis, was due to an increase in the num-
ber of enzyme molecules or an increase in the ac-
tivity of preexisting enzyme. Fig. 2 shows the kinetic
analysis of the soluble guanylate cyclase obtained from
an abdominal and scrotal testis pair. The double
reciprocal plot reveals that the two preparations have
an identical Km (60 ,uM) for GTP, but the Vmax for the
abdominal soluble guanylate cyclase is threefold
higher. These findings could be explained by the
induction of enzyme, the appearance of an activator,
or the loss of a noncompetitive inhibitor of soluble
guanylate cyclase. The latter two possibilities were
approached by mixing experiments in which the ac-
tivities of soluble guanylate cyclase from abdominal
and scrotal testes were assessed separately and after
the samples were mixed together. Table II shows that
mixing the guanylate cyclases from the abdominal and
scrotal testes results in a completely additive activity.
These results mediate against the presence of either
a transferable activator in the abdominal testis or a
noncompetitive inhibitor in the scrotal testis.

TABLE I
Effect of Unilateral Cryptorchidism on Testicular

Guatnylate Cyclase Activity itn 20-day-old Rats

Cyclic GMPfonned

Subcellular Scrotal Abdominal
fraction testis testis

pmollmg protein/min

Soluble 11.83+1.44 28.63+1.87*
Particulate 12.50+1.51 7.29+1.72*

Rats were rendered unilaterally cryptorchid at 20 days of age
and sacrificed 10 days later. Values represent mean+SEM
of six rats.
* Values that are significantly different (P < 0.01) from the
values in the scrotal testis.
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FIGURE 2 Double reciprocal plot of cyclic GMPformation as
a function of the GTP concentration. The activity of the
soluble guanylate cyclase from abdominal and scrotal testis
(48 jug of protein for each) was determined in the presence
of 3 mMMnCl2 and varying concentrations of GTP. Each
point represents the mean of triplicate assays.

The soluble guanylate cyclase from most tissues can
be activated in vitro by Ca++ if the assay is per-
formed at suboptimal Mn++ concentrations (6, 7).
If the change in soluble guanylate cyclase activity ob-
served in the abdominal testis was due to an increase
in enzyme molecules rather than an activation of pre-
existing enzyme, then the calcium stimulation of the
soluble guanylate cyclase from both the abdominal
and scrotal testes should be proportional. Whensoluble
guanylate cyclase, from either the abdominal or scrotal
testis, was incubated with 1 mMsuboptimal Mn++ only
50% of the optimal activity (3 mMMn++) was ex-

TABLE II
Soluble Guanylate Cyclase Activity in Testis from

Unilaterally Cry ptorchid Rats

Enzyme source Cyclic GMPformed

pmoll10 min

Scrotal 4.42±0.43
Abdominal 9.24±0.80
Abdominal and scrotal 13.93±0.68

Rats were rendered unilaterally cryptorchid at 60 days of
age and sacrificed 10 days later. For each rat, soluble guanylate
activity was determined in abdominal and scrotal testis alone
and after mixing the samples together. Values represent the
mean±SEMof six experiments.
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TABLE III
Effect of Triton X-100 on Particulate Guanylate Cyclase

from Testis of Unilaterally Cryptorchid Rats

Cyclic GMPformed
Enzyme Ratio of
source -Triton +Triton (+Triton/-Triton)

pmollmg protein/min

Abdominal 11.91±+ 1.57 82.85+4.38 6.96
Scrotal 18.27±1.27 112.62±9.21 6.16

Rats were rendered unilaterally cryptorchid at 60 days of age
and sacrificed 10 days later. The particulate fraction was
prepared and incubated with 1% Triton X-100 for 60 min
at 4°C before assay. Values represent mean±SEMof six rats.

pressed. When 3 mMCa++ is then added the activity
from either testis was doubled.

The possibility exists that the rise in soluble
guanylate cyclase activity in the abdominal testis was
caused by a translocation of particulate guanylate
cyclase to the supernate during the preparation of the
guanylate cyclase. This is unlikely due to the following
observations. The soluble guanylate cyclase from the
abdominal testis exhibits classical Michaelis-Menten
kinetics (Fig. 2). These kinetic properties have been
reported for soluble guanylate cyclases from other tis-
sues (6, 7). In contrast, in the testes,2 as well as other
tissues, kinetic analysis of particulate guanylate cyclase
solubilized with detergents yields nonlinear Line-
weaver-Burke plots (6, 7). If the threefold increase
in activity (Fig. 1) and Vmax (Fig. 2) of the abdominal
testis soluble guanylate cyclase was due to the translo-
cation of particulate guanylate, one would expect to
find the curvilinear kinetic pattern characteristic of
the particulate enzyme when the abdominal testis-
soluble enzyme was examined. This was not observed.
Additionally, solubilization of the particulate guanylate
cyclase with 1% Triton X-100 (4°C for 1 h) greatly
increases the activity of the enzyme (6, 7). When ab-
dominal and scrotal particulate fractions were treated
in this manner, both preparations underwent a sixfold
increase in activity (Table III). The similar response to
detergent treatment in both the abdominal and scrotal
particulate preparationis suggests that relationship of
the enzyme to membranie components is unchanged by
cryptorchidism.

Alteration in other enzyme activities have been pre-
viously reported during uniilateral cryptorchidism (24).
To compare the changes observed in the subcellular
distribution of guanylate cyclase with other soluble and
particulate enzymes, the activity of a soluble enzyme,
lactic dehydrogenase (LDH), and a particulate enzyme,

2 Spruill, W. A., A. L. Steinier, and H. S. Earp. Unpublished
results.

5'-nucleotidase was assessed (Table IV). LDHactivity
was elevated 180% in the abdominal testis 10 days after
surgical cryptorchidism. The change in LDH activity
was in the same direction as soluble guanylate cyclase
activity, but the increase was only 50% of that ob-
served in guanylate cyclase activity. The 5'-nucleo-
tidase activity of the abdominal testis was 170% higher
than the scrotal testis. This finding contrasts with a
40% decrease in particulate guanylate cyclase activity
seen in the abdominal testis. Thus, the changes in
guanylate cyclase activity appears to be independent of
the alterations in at least two other representative
enzymes.

To gain further insight into which cell types were
involved in the changes in cGMP metabolism, an
immunocytochemical technique that localizes cGMP
was used. Within 10 days after rats were rendered
cryptorchid, the predominant cell types remaining
within seminiferous tubules of the abdominal testis
are spermatogonia, Sertoli's cells, and occasional
spermatocytes. Cytologically, interstitial cells appear
unaffected by the elevated temperature (25). When the
immunocytochemical distribution of cGMP was ex-
amined in the scrotal testes of rats 30 days after
surgery (Fig. 3), a pattern of cGMPfluorescence was
observed that was characteristic of that previously
described in testis from adult rats (5). Cyclic GMP
was observed in both cytoplasmic and membranous
locations. Particularly striking is the distribution on
the chromosomes of pachytene spermatocytes and the
bright perinuclear cGMPfluorescence associated with
elongated nuclei of mature spermatids. Nuclear stain-
ing within the nuclei of interstitial cells is also
prominent. When the distribution of cGMPwas ex-
amined in abdominal testis 30 days after surgery, the
loss of germinal cells was apparent. A definite enhance-
ment of cGMPfluorescence is seen in the cells lining

TABLE IV
The Effect of Utnilateral Cryptorchidism on LDHand

5'-Nucleotidase Activity

Testis

Scrotal Abdominal Change

LDH 3.39+0.23 6.04+0.09 +180
5'-nucleotidase 5.89+0.60 10.08+0.42 + 170

The activity of a soluble (LDH) and a particulate (5'-nucleo-
tidase) enzyme was determined in the scrotal and abdominal
testis from unilateral cryptorchid rats (Methods). The LDH
activity is expressed in micromoles substrate converted per
milliliter per minute. The 5'-nucleotidase activity is ex-
pressed as micromoles product per gram tissue per minute.
The values given are the mean of three rats in each group
±+SEM.
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the inner aspect of the seminiferous tubule, the cells
of the tubular wall, and cells in the interstitial areas.

DISCUSSION

The data presented show that surgically induced uni-
lateral cryptorchidism produced a significant elevation
in tissue cGMPcontent and in the measurable activity
of soluble guanylate cyclase. The ratio between soluble
and untreated particulate guanylate cyclase was pro-
foundly altered changing from 1:1.5 in the adult to 5:1
in the cryptorchid testis. Because the shift in the ratio
occurred in 20- and 60-day-old rats, it is logical that the
effects take place in the cell types which survive in
the abdominal location. The immunocytochemical
studies confirm this supposition by demonstrating an
increase in cGMP fluorescence in cells in the peri-
tubular areas and in intertubular areas (interstitial
cells). Braun et al. (26) have reported that in the normal
rat, <20% of the total guanylate cyclase activity is
present in interstitial cells. However, the present ob-
servations indicate that the changes in cGMPmetabo-
lism occur in several cell types. Further experimenta-
tion will be necessary to assess the magnitude of
change in the different cell populations.

The regulation of guanylate cyclase activity appears
to be quite complex. The enzyme does not appear to be
directly stimulated by hormone receptor complexes as
is the particulate adenylate cyclase; rather, the moment
to moment activity depends upon the local physio-
chemical environment (10). A host of activity deter-
minants exist which include cation concentrations,
adenine nucleotides, fatty acids, and alterations in oxi-
dation-reduction reactions. With regard to the increase
in soluble guanylate cyclase activity in the abdominal
testis, the following observations and literature are
pertinent. Alterations in lipid metabolism have been
reported in the cryptorchid rat testis (27) and could
be responsible for the observed changes. However,
during the alteration in the activity of human plate-
let soluble guanylate cyclase by arachidonic acid,
kinetic analysis shows that both the Vmax and the Km
are slightly altered (13). Only the Vma. of the abdominal
testis enzyme was observed to change during cryptor-
chidism. Additionally, it is likely that if altered fatty acid
content caused the observed results, there would have
been some activation of the scrotal activity when the
two enzymes were mixed. Further work to determine
the effect of fatty acids on the testicular guanylate
cyclase will be needed to firmly conclude that they are
not involved in the observed changes. An additional
point worthy of note is that an increase in activity of
the soluble enzyme from certain tissues has been re-
ported due to an oxygen-dependent process (14).
However, the testis does not undergo this process of
autoactivation.2

To unequivocally answer the question of whether the
increase in soluble activity is due to the synthesis of
new enzyme or the activation of preexisting enzyme,
direct measurement of the number of enzyme mole-
cules by an immunochemical assay will be needed. The
kinetic data, the mixing experiments, and the points
considered above suggest to the authors that the in-
crease in activity is due to an increase in the amount
of enzyme. In contrast, during rat liver regeneration
particulate guanylate cyclase activity is increased and
soluble guanylate cyclase activity is either decreased
(3) or unchanged (2, 15). The molecular mechanism
by which the postulated independent regulation of two
enzyme forms occurs is yet to be ascertained. The dis-
tinct biochemical properties, different molecular size,
variable ratio from tissue to tissue, and independent
regulation within the same tissue make it likely that the
two enzyme forms are distinct and argues for a mecha-
nism which would allow asynchronous control of the
two forms of guanylate cyclase. The differences listed
above could be explained by a model in which the
two forms of the enzyme are coded for by separate
genes. Independent regulation would take place at the
level of the genome, i.e., transcription. On the other
hand, the presence of a core catalytic unit for both
enzyme forms cannot be ruled out. In fact, a previous
report (28) demonstrates that when the particulate
enzyme from sea urchin sperm is purified to apparent
homogeneity, it exhibits the kinetic properties usually
attributed to a soluble guanylate cyclase. Therefore,
another possible control mechanism might involve the
transcription of one gene coding for a commoncatalytic
unit of guanylate cyclase. Subsequent posttranscrip-
tional or posttranslational modification would lead to
the preferential partitioning of soluble and particulate
forms. However, it should be noted that alternate
explanations for the increase in soluble activity exist.
These include: an alteration in the turnover time for the
two enzymes, or in distribution of guanylate cyclase
within the surviving cell types of the cryptorchid testis.
The latter is less likely due to the immunocytochemi-
cal data and the total increase in soluble guanylate
cyclase activity per testis.

Another example of the tissue to tissue diversity
of cGMPmetabolism is shown by the studies of Craven
and DeRubertis (29) that have correlated the tissue
concentration of cGMPin different anatomic regions of
the rat kidney with the particulate guanylate cyclase
activity. Additionally, some tumors have a higher
concentration of cGMPthan their derived tissue (30);
this change is also correlated with an increase in
the ratio of the particulate enzyme. The present report
demonstrates that a sustained elevation of soluble
guanylate cyclase activity is correlated with an increase
in testicular cGMPlevels.

The physiologic significance of the alteration in
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cGMPmetabolism in the cryptorchid testis is unknown
but several possibilities seem relevant. The major
changes appear to be taking place in cells in the peri-
tubular and intertubular areas. Thus, the changes in
cGMPmetabolism observed appear to be occurring in
several different cell types. The cryptorchid testis is
a functionally injured organ and these alterations may
represent a response to the environmentally induced
injury. It is interesting to note, however, that soluble
guanylate cyclase activity and cGMP levels are also
elevated during early testicular development (31).
Early development and cryptorchidism are charac-
terized by an absence of mature germinal elements
(i.e., spermatids) within seminiferous tubules. There-
fore, it is possible that the level of soluble guanylate
cyclase and cGMPare in some way linked by a feed-
back mechanism during the complex process of
spermatogenesis.
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