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The Effects of Nitric Oxide on the Expression of Cell Adhesion
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ackground/Purpose: The aim of this study was to deter-
ine the effects of nitric oxide (NO) on the expression of

dhesion molecules in the early course of testicular I-R injury
n rats.

ethods: Forty male Sprague-Dawley rats were separated
nto 4 groups, each containing 10 rats. A sham operation was
erformed in group 1 (control). In group 2 (I-R), after 6 hours
f unilateral testicular torsion, 1-hour detorsion of the testis
as performed. In group 3 (I-R/L-NAME), after performing the

ame surgical procedures as in group II, L-NAME was given
or 30 minutes. In group 4 (I-R/Mol), after performing the
ame surgical procedure (torsion and detorsion) as in group
I, molsidomine, an NO donor, was infused for 30 minutes.
hen, ipsilateral orchiectomies were performed to measure
he tissue levels of malondialdehyde (MDA) and NO and to

ake histologic examination.

esults: MDA values and the testicular injury score de-
nd downregulator of the expression of intercellular adhe-
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roup compared with other experimental groups. The tena-
cin expression in the interstitial space and basement mem-
rane of the tubuli seminiferi were milder in the I-R/Mol
roup compared with that of the I-R and the I-R/L-NAME. The
crosomes of the spermatids in I-R and I-R/L-NAME groups
ere stained mildly by lectin. In the I-R and I-R/L-NAME
roups, the interstitial spaces, basement membrane of the
ubuli seminiferi, and sertoli and germinal cells in testicular
issue were stained intensely by ICAM-1.

onclusions: The expression of adhesion molecules such as
enascin, lectin, and ICAM-1 in the torted testicular tissue

ay be a pathophysiologic sign of inflammation. NO regu-
ates adhesion molecules expression.

Pediatr Surg 38:1621-1627. © 2003 Elsevier Inc. All rights
eserved.
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ESTICULAR TORSION is a common surgical
emergency among infants and young boys. Despite

he prompt diagnosis and either the orchiectomy or the
reservation of the affected testis, infertility remains a
ignificant sequel of testicular torsion.1,2 The cause of
his ischemia reperfusion (I-R) injury may possibly be
ttributed to oxygen free radicals.3-5 Several studies
learly have shown that testicular torsion produces se-
ere impairment in spermatogenesis, and several en-
ymes and drugs have been used to prevent such an
njury in humans and animals. However, the regulatory
echanisms on a molecular and cellular level that me-

iate the pathogenesis of the testicular damage are not
et clear enough. Soluble forms of adhesion molecules
uch as sICAM-1, sP-selectin, sE-selectin, and Tenascin
ave been the aim of several previous studies for pre-
erving testicle from the torsion injury.6-9 Increased lev-
ls have been reported in patients with acute myocardial
nfarction or coronary artery disease,6 phases of ischemic
cute renal failure,6,9 and inflammatory diseases.8 Nitric
xide (NO) is known to act as an inter- and intracellular
ignaling molecule.7,8 In addition, it has been recognized
ecently as an important regulator of neutrophil function
ion molecule-1 (ICAM-1), P-selectin, and CD11/CD18.9

t is, however, unknown what roles NO at testicular I-R
njury may play concerning these adhesion molecules.

The aim of this study was to investigate the role of
ICAM-1, lectin, and tenascin, which are adhesion mol-
cules in the early course of testicular I-R in the rats, and
he interaction between therapy with NO donor molsido-
ine and upregulation of the expression of these adhe-

ion molecules.

MATERIALS AND METHODS

nimals and Experimental Design

Forty male Sprague-Dawley rats (body weight, 170 to 210 g)
btained from Dicle University Research Center were separated ran-
omly into 4 groups, each containing 10 rats. All animals were housed
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reased and NO values increased in the I-R/Mol–treated
 esion molecules, rat.
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in a temperature- and light-controlled room with ad libitum access to
water and rat chow. All surgical procedures were performed under
phenobarbital anesthesia (2.4 mg/100 g, intraperitoneally) by employ-
ing a sterile technique. Right femoral vein was cannulated for admin-
istration of drugs and saline. The testes were exposed through identi-
cally opened and closed right-sided midscrotal vertical incisions.
Torsions were created by rotating ipsilateral testes 720° in a clockwise
direction for 6 hours and maintained by fixing the testes medially and
laterally to the scrotum by using 6-0 silk suture. After 6 hours of
torsion, 1-hour detorsion of the testis was performed. The rats were
separated randomly into 4 equal groups. A sham operation was per-
formed in group 1 (control). The testes were brought through the
incision and then replaced with a fixation to the scrotum. In group 2
(I-R), after 6 hours of unilateral testicular torsion, 1-hour detorsion of
the testis was performed. No drug was given. In group 3 (I-R/L-
NAME), after performing the same surgical procedure as in group II,
NG-nitro-L-arginine-methyl ester (L-NAME; 30 �g/kg/min intrave-
nous; Sigma Chemical Co, St. Louis, Mo) was given during 30 minutes
by an infusion pump (P6000, TIVA, Alaris Medical Systems, Hamp-
shire, UK). In group 4 (I-R/Mol), after performing the same surgical
procedure (torsion and detorsion) as in group II, molsidomine (200
�g/kg/min intravenous, for 30 minutes; Sigma), an NO donor, was
infused for 30 minutes by an infusion pump. Then, ipsilateral orchiec-
tomies were performed to measure the tissue levels of malondialdehyde
(MDA, nmol/g protein) and NO (nmol/g protein) and to make histo-
logic examination.

Testicular Tissue Preparation

The extracted testes were divided into 3 pieces. One was placed
immediately into 10% formalin solution overnight and embedded in
paraffin blocks. One was fixed in Bouin’s solution and embedded in
paraffin blocks. The last piece was washed twice with cold saline
solution, placed into glass bottles, labeled, and stored in a deep freeze
(�30°C) until processing (maximum, 10 hours). Tissues were homog-
enized in 4 volumes of ice-cold Tris-HCl buffer (50 milimolar, pH 7.4)
by using a glass Teflon homogenizer (Tempest Virtishear, Model
278069; The Virtis Company, Gardiner, NY) after cutting of the testes
into small pieces with scissors (for 2 minutes at 5,000 rpm). Then, the
protein and NO content of homogenates were determined. All prepa-
ration procedures were performed at �4°C.

Biochemical Analyses

Malondialdehyde determination. Testis MDA levels were deter-
mined by Wasowiczs’s method10 based on the reaction of MDA with
thiobarbituric acid at 95° to 100°C. Fluorescence intensity was mea-
sured in the upper n-butanol phase by a fluorescence spectrophotome-
try, (Hitachi, Model F-4010) adjusted exitation at 525 nm and emission
at 547 nm. Arbitrary values obtained were compared with a series of
standard solutions (1, 1, 3, 3 tetramethoxypropane). Results were
expressed as nanomole per gram wet testes tissue (nmol/g wet tissue).

Nitric oxide determination. Because the direct measurement of NO
is very difficult in biological specimens, tissue nitrite (NO2) and nitrate
(NO3) were estimated as an index of NO production. The method for
testis nitrite and nitrate levels was based on the Griess reaction.11

Samples initially were deproteinized with Somogyl reagent.12 Total
nitrite (nitrite � nitrate) was measured after conversion of nitrate to
nitrite by copporized cadmium granules by a spectrophotometer at 545
nm (Ultraspec Plus, Pharmacia LKB Biochrom Ltd, England). A
standard curve was established with a set of serial dilutions (10�8 to
10�3 mol/L) of sodium nitrite. Linear regression was done by using the
peak area from nitrite standard. The resulting equation then was used to

calculate the unknown sample concentrations. Results were expressed
as nanomole per gram testis protein.

Protein assays. The protein content of homogenates was deter-
mined according to the procedure of Lowry et al.13

Histologic Examination

The tissue specimens were placed in paraffin blocks, sectioned at 5
�m, and stained with H & E. The sections were examined under light
microscope by 2 investigators blindly. The histologic parameters (Ta-
ble 1) were scored by the classification of Cosentino et al.14

Immunohistochemistry

The expressions of Tenascin, Lectin Type-1 (UEA-1) and Intercel-
lular Adhesion Molecule-1 (ICAM-1) in the testicular tissue were
analyzed by use of an immunohistochemistry technique. Tissues were
fixed in Bouin’s solution and embedded in paraffin. Sections were cut
in 4-�m thicknesses, dewaxed in xylene, and incubated for 20 minutes
in 0.3% H2O2 to block endogenous peroxidase activity. Sections then
were microwaved for 4 minutes in phosphate-buffered saline (PBS) and
incubated with primary antibodies (Rabbit Anti Ulex Europaeus Lectin
Type-1 [UEA-1], DAKO, California, USA; Monoclonal mouse anti
Human Tenascin, DAKO; and CD54 [ICAM-1], Monoclonal, Mouse
IgG [1H4] BioGenex, San Ramon, USA) overnight at room tempera-
ture. The primary antibody was visualized with diamino-
benzidine (DAB) as a chromogen. The sections were counterstained in
H & E, cleared with xylene, and coverslipped. The tissue sections were
examined using a light microscope interfaced with a Zeiss Color
Camera. The tenascin expression was evaluated in the basement mem-
brane of the tubuli seminiferi and interstitial spaces. The acrosomes of
the spermatids were stained intensely by lectins. The ICAM expression
was evaluated in the interstitial spaces, basement membrane of the
tubuli seminiferi, and sertoli and germinal cells. The immunuhisto-
chemical expressions were evaluated in 3 categories such as mild,
moderate, and intense as described elsewhere.15

Statistical Analysis

Data were entered and analyzed on an IBM-compatible personal
computer using SPSS version 9.0. All values were expressed as
mean � SD. The significance of the data obtained was evaluated by
using analysis of variance (ANOVA). Differences between means were
analyzed by using the post-ANOVA (Tukey’s b) test. P values of less
than .05 were considered significant.

RESULTS

Malondialdehyde and Nitric Oxide

MDA values decreased, whereas NO values increased
in the I-R/Mol–treated group when compared with I-R

Table 1. Histologic Grading System Developed by Cosentino et al14

Grade I showed normal testicular architecture with an orderly,
arrangement of germinal cells.

Grade II injury showed less orderly, noncohesive germinal cells,
and closely packed seminiferous tubules.

Grade III injury exhibited disordered sloughed germinal cells with
shrunken pyknotic nuclei and less distinct seminiferous tubule
borders.

Grade IV injury defined seminiferous tubules that were closely
packed with coagulative necrosis of the germinal cells.
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and I-R/L-NAME groups (P � .0001; P � .0001, respec-
tively). In the I-R/L-NAME–treated group, MDA values
were increased significantly compared with I/R group
(P � .0001). NO values decreased significantly in the
I-R/L-NAME–treated group when compared with I-R
group (P � .0001).

Histopathology

Histopathologically, the rats in the control group had
essentially normal testicular architecture. For the I-R/
Mol–treated group, most of the specimens showed grade
I injury. In contrast, for the rats I-R and I-R/L-NAME,
the lesions varied between grade II and grade IV. For the
I-R/Mol–treated group, the testicular injury score was
significantly lower when compared with the I-R and the
I-R/L-NAME groups (P � .003, P � .0001, respectively;
Table 2). However, testicular damage increased signifi-
cantly in the I-R/L-NAME group compared with I-R rats
(P � .05).

Immunohistochemical Study

The tenascin expression in the interstitial space and
basement membrane of the tubuli seminiferi were milder
in the I-R/Mol group when compared with that of the I-R
and the I-R/L-NAME groups (Figs 1A & B). For the I-R
and I-R/L-NAME groups, interstitial space and seminif-
erous tubule basal membrane were stained intensely by
tenascin (Figs 1C & D).

Immunohistochemical study showed that the acro-
somes of the spermatids in control and I-R/Mol groups
were stained intensely by lectin (Figs 2A & B). In
contrast, the acrosomes of the spermatids in I-R and
I-R/L-NAME groups were stained mildly, and the
sloughed germinal cells in seminiferous tubules particu-
larly were not stained by lectin (Figs 2C & D).

Figs 3A & B show no expression of ICAM-1 in
control and I-R/Mol groups. In contrast, Figs 2C & D
show ICAM-1 expression by intense brown staining

along the interstitial spaces, basement membrane of the
tubuli seminiferi, and sertoli and germinal cells in tes-
ticular tissue from I-R and I-R/L-NAME group rats.

DISCUSSION

A regular blood flow is imperative for optimal testic-
ular function. Testicular torsion and detorsion induces
morphologic and biochemical changes caused by both
ischemia and reperfusion of the tissues.16,17 Several stud-
ies showed that I-R injury is caused by oxygen free
radicals.2,3,18 These free radicals react with lipid in cells
and mitochondrial membranes forming lipid peroxidase.
Peroxidation of the lipid in membrane changes mem-
brane permeability or disrupts membrane integrity and
cell integrity. This cascade of events is known as “reper-
fusion injury.” These free radicals cause further cellular
damage through the peroxidation of lipids in mitochon-
drial and cell membranes.2,19 MDA is the end product of
lipid peroxidation and is a well-known parameter for
determining the increased free radical formation in in-
testinal tissue.3,5 NO is an important physiologic regula-
tor of blood flow and perfusion pressure to isolate vas-
cular beds in response to appropriate physiological
stimuli.20

The role of NO in the regulation of testicular vascu-
lature was the topic of several recent studies.21-23 Chen et
al24 reported that the administration of aminoguanidine,
which inhibits selectively inducible NO synthase, signif-
icantly attenuated the reperfusion-related increase in tis-
sue MDA level. In contrast, Ozokutan et al5 reported that
although inhibition of NO synthesis with L-NG-mono-
methyl-arginine (L-NMMA) significantly improves I-R
injury in testes, enhancing NO production by providing
excess of L-arginine increases such damage. It is known
that NO donors such as isosorbide-di-nitrate, sodium
nitroprusside, nitroglycerin, L-arginine, and molsidomine
create NO-related effects in the vascular system, espe-
cially vasodilator effect in arteries.25,26 Molsidomine is
decarboxylated in liver enzymatically in the form of

Table 2. Mean Values of Malondialdehyde, Nitric Oxide, and Testicular Injury Score of the Groups

Groups No. MDA (nmol/g protein) NO (nmol/g protein) Histologic Score

Control 10 5.9 � 1.1 52.7 � 3 1 � 0.1
I-R 10 16.1 � 0.9* 118.6 � 3.3* 2.3 � 0.8*
I-R/L-NAME 10 21.8 � 1.2*† 105.1 � 3.7*† 3.1 � 0.7*�

I-R/Mol 10 10.7 � 0.9*†‡ 156.2 � 2.5*†‡ 1.2 � 0.4‡§

NOTE. Values expressed as mean � SD.
Abbreviations: MD, malondialdehyde; NO, nitric oxide.
*P � .0001 compared with control.
†P � .0001 compared with I-R.
‡P � .0001 compared with I-R/L-NAME.
§P � .003 for I-R/Mol v I-R.
�P � .05 compared with I-R.
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3-morpholinosyndnonimine (SIN-1), which relaxes vas-
cular smooth muscle by stimulating guanylate cyclase
and increasing cyclic GMP (cGMP) levels.27 However,
L-NAME is a competitive inhibitor of NO synthase.20,28

We used molsidomine (an NO donor) to increase NO
synthesis and found that the treatment with molsidomine
decreased MDA levels significantly when compared with
I-R and I-R/L-NAME groups. Moreover, the L-NAME–
treated group showed the most severe histologic damage
when compared with that of other groups. These findings
suggest that NO restores testicular microcirculatory
blood flow by causing rapid dilatation of testicular ves-
sels. In addition, NO acts as a free radical scavenger.
Thus, NO regulates postischemic testicular perfusion and
reduces the degree of ischemic injury in the testes.

Tenascin is a large oligomeric glycoprotein of the
extracellular matrix. It is synthesized during embryonic
development, expressed in a variety of tumors, and is
absent or restricted in most adult tissues.29,30 In this
experimental study, we found intense staining of tenascin
in interstitial spaces and basement membranes of the

tubuli seminiferi in the I-R and I-R/L-NAME groups.
Tenascin expression was milder in the I-R/Mol group
when compared with that of I-R and I-R/L-NAME
groups.

We found intense staining of lectin in the acrosomes
of the spermatids in control and I-R/Mol groups. In
contrast, the acrosomes of the spermatids in I-R and
I-R/L-NAME groups were stained milder. Calvo et al31

suggested that lectins might be useful markers in his-
topathologic evaluation of diseases of the testis and
epididymis. In their study, lectin histochemistry was
used to perform in situ characterization of the glycocon-
jugates present in boar testis and epididymis, and the
development and maturation of boar spermatozoa were
accompanied with changes in glycoconjugates. The ac-
rosomes of the spermatids were stained intensely by
lectins with affinity for a glycoconjugates galactose and
N-acetyl-galactosamine residues. In a recent study, Re-
tamal et al32 reported that lectins such as UEA, WGA,
and LPA gave stronger reaction in mature spermatozoa.
Our findings, together with suggestions made in previous

Fig 1. Immunohistochemical staining of rat testis for tenascin expression. (A, B) Tenascin expression in interstitial spaces and basement

membranes of the tubuli seminiferi was mild in control and I-R/Mol groups (Immun-Peroxidase, original magnification �200). (C, D) In the I-R

and I-R/L-NAME groups, interstitial spaces and basement membranes of the tubuli seminiferi were stained intensely by tenascin (arrow;

Immuno-Peroxidase, original magnification �200).
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studies, suggest the milder expression of lectin in the
acrozomes of the spermatic cells in IR and IR/L-NAME
groups when compared with other groups (L). These may
confirm the begining of degeneration in spermatogenesis
in earlier stages of IR injury and the protective effects of
molsidomine in rats.

ICAM-1 (CD54) is an adhesion receptor of the immu-
noglobulin super family expressed on endothelial, epi-
thelial, and stromal cells.9 Normally, basal expressions
are low, but during inflammatory and immune responses,
microbial products and cytokines such as interleukin-1
(IL-1) and tumor necrosis factor (TNF) upregulate ex-
pression of ICAM-1 and promote local binding and
activation of leukocytes. Subsequent studies by Kelly et
al33 confirmed and extended the role of ICAM-1 in
mediating the inflammatory effects of I-R injury. Using a
knockout mouse model deficient in ICAM-1 production,
mutant mice were protected from renal ischemic injury
as evaluated by SCr, renal histology, and survival. Most
recently, NO has been recognized as an important regu-
lator of neutrophil function and downregulates neutro-

phil expression of ICAM-1, P-Selectin, and CD11/
CD18.9 Our findings of intense expression of ICAM-1 in
the interstitial spaces, basement membrane of the tubuli
seminiferi, and sertoli and germinal cells in the I-R and
I-R/L-NAME groups when compared with milder expres-
sion in the I-R/Mol group, suggest that molsidomine
treatment efficiently prevented the initiation of degener-
ative inflammatory reaction of IR injury. In addition,
ICAM-1 expression was stained intensely with coagula-
tive necrosis of the germinal cells.

It is believed that ICAM-1 plays a critical role in
adhesion of polymorphonuclear leukocytes to the endo-
thelial cell, although other molecules are involved as
well.8 In addition, the studies indicate that adhesion-
dependent and -independent activation of neutrophil em-
igration exist and can be differentially regulated by the
targeted tissues. Young et al15 have studied the role of
P-selectin and ICAM-1 in hepatic IR injury in mice.
They performed 90 minutes of partial hepatic ischemia
followed by reperfusion at various time-points. They
reported that neutrophil infiltration was more pro-

Fig 2. Immunohistochemical staining of rat testis for lectin. (A, B) The acrosomes of the spermatids in control and I-R/Mol groups were

stained intensely by lectin (arrow; Immun-Peroxidase, original magnification �400). (C, D) In contrast, the acrosomes of the spermatids in I-R

and I-R/L-NAME groups were stained mild by lectin (Immuno-Peroxidase, original magnification �400).
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nounced after 6 hours of reperfusion. In our study, we
performed 6 hours of complete testicular torsion fol-
lowed by 1 hour of reperfusion. We found no neutrophil
infiltration in the tissue specimens of all groups. This
may be because of short interval of reperfusion time in
our study.

Our findings suggest that the adhesion molecules such

as tenascin, lectin, and ICAM-1 may be critical factors in
the pathophysiology of inflammatory testicular injury
induced by I/R during the first hour of postischemic
reperfusion. NO may play an important role in the
immunohistochemical expression of these adhesion mol-
ecules. Molsidomine, an NO donor, may play an impor-
tant role in the prevention of I-R injury of the rat testis.
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19. Akgür FM, Kilinç K, Tanyel FC, et al: Ipsilateral and contralat-
eral testicular biochemical acute changes after unilateral testicular
torsion and detorsion. Urology 44:413-418, 1994

20. Rodeberg DA, Chaet MS, Bass RC, et al: Nitric oxide: An
overview. Am J Surg 170:292-303, 1995

21. Middendorff G, Müller D, Wichers S, et al: Evidence for
production and functional activity of nitric oxide in seminiferous
tubules and blood vessels of the human testis. J Clin Endocr Metabol
82:4154-4161, 1997

22. Lissbrant E, Lofmark U, Collin O, et al: Is nitric oxide involved
in the regulation of the rats testicular vasculature? Biol Reprod 56:
1221-1227, 1997

23. Sharma AC, Sam AD, Lee LY, et al: Effects of NG-nitro-L-
arginine methyl ester on testicular blood flow and serum steroid
hormones during sepsis. Shock 9:416-421, 1998

24. Chen JC, Chen HM, Shyr MH, et al: Selective inhibition of
inducible nitric oxide in ischemia-reperfusion of rat small intestine. J
Formos Med Assoc 99:213-218, 2000

25. Adams ML, Meyer ER, Sewing BN, et al: Effects of nitric
oxide-related agents on rat testicular function. J Pharmacol Exp Ther
269:230-237, 1994

26. Myers SI, Hernandez R, Castaneda A: Possible role for oxygen
free radicals in the regulation of renal nitric oxide synthesis and blood
flow. Am J Surg 169:604-608, 1995

27. Kukovetz WR, Holzmann S: Cyclic GMP as the mediator of
molsidomine-induced vasodilatation. Eur J Pharmacol 122:130-109,
1986

28. Walder CE, Thiemermann C, Vane JR: The involvement of
endothelium-derived relaxing factor in the regulation of renal cortical
blood flow in the rat. Br J Pharmacol 102:967-973, 1991

29. Erickson HP, Lightner VA: Hexabrachion protein (tenascin,
cytotactin, brachionectin) in connective tissues, embryonic brain, and
tumors. Adv Cell Biol 2:55-90, 1988

30. Chiquet-Ehrismann R: Tenascins, a growing family of extracel-
lular matrix proteins. Experientia 51:853-862, 1995

31. Calvo A, Pastor LM, Bonet S, et al: Characterization of the
glycoconjugates boar testis and epididymis. J Reprod Fertil 120:325-
335, 2000

32. Retamal C, Urzua J, Lorca C, et al: Changes in the plasma
membrane proteins of stallion spermatozoa during maturation in the
epididymis. J Submicrorosc Cytol Pathol 32:229-239, 2000

33. Kelly KJ, Williams WW Jr, Colvin RB, et al: Antibody to
intercellular adhesion molecule 1 protects the kidney against ischemic
injury. Proc Natl Acad Sci 91:812-816, 1994

1627EFFECT OF NO ON CAM IN TESTIS TORSION


	The Effects of Nitric Oxide on the Expression of Cell Adhesion Molecules (ICAM-1, UEA-1, and Tenascin) in Rats With Unilateral Testicular Torsion
	MATERIALS AND METHODS
	Animals and Experimental Design
	Testicular Tissue Preparation
	Biochemical Analyses
	Malondialdehyde determination.
	Nitric oxide determination.
	Protein assays.

	Histologic Examination
	Immunohistochemistry
	Statistical Analysis

	RESULTS
	Malondialdehyde and Nitric Oxide
	Histopathology
	Immunohistochemical Study

	DISCUSSION
	REFERENCES


