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Modulation of tendon healing by nitric oxide
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Abstract. Nitric oxide (NO') is a small, diffusible free
radical that is generated from L-arginine by a family of
enzymes, collectively termed the nitric oxide synthases. We
investigated the role of NO' in tendon healing. NO" synthase
activity and immunoreactivity was absent in un-injured rat
Achilles tendon. After surgical division there was a five-fold
increase in NO- synthase activity and immunoreactivity
within the healing tendon at day 7, with a return to near
baseline levels at day 14. Inhibition of NO' synthase
activity with oral administration of New-nitro-L-arginine
methyl ester (L-NAME) resulted in a significant reduction
in cross-sectional area (30% at day 7, p < 0.01, 50% at day
15, p < 0.001) and failure load (24% at day 7, p < 0.01) of
the healing Achilles tendon constructs. Rats fed the same
regimen of the enantiomer of L-NAME, (D-NAME) had
normal tendon healing. These results indicate that nitric
oxide synthase is induced during tendon healing and
inhibition of nitric oxide synthase inhibits this tendon
healing.
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Introduction

Nitric oxide (NO') is a small, free radical synthesized from"

the amino acid L-arginine by a family of enzymes, the nitric
oxide synthases. Nitric oxide’s size and reactivity are
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important in its role as a multifunctional intra- and inter-
cellular messenger molecule. NO' is involved in many
physiological and pathological processes (for review see
[1]). Examples include the formation of memory [2, 3],
olfaction [4], and the regulation of blood pressure [5],
erection [6] and uterine relaxation [7]. NO' is produced in
large amounts by an inducible isoform of NO' synthase in
macrophages [8, 9], neutrophils, lymphocytes and periph-
eral-blood monocytes [10] during host defense and immu-
nological reactions [11], and septic shock [12]. Constitutive,
Ca™™" dependent isoforms of the enzyme are found in the
brain, and the endothelial layer of blood vessels and release
NO' at low, relatively stable concentrations [1]. Recently,
NO' has been shown to be induced in inflammation [13] and
ileitis [14] and to be important in fetal development [15]. We
wondered whether NO™ may also play a role in soft tissue
healing. The aim of this study, therefore, was to determine if
NO' was important in tendon healing.

Methods
Materials

The reduced form of 8-Nicotinamide adenine dinucleotide phosphate
(NADPH), calmodulin, valine, Nw-nitro-L-arginine methyl ester (L-
NAME), Nw-nitro-D-arginine methyl ester (D-NAME), L-arginine, L-
citrulline, 3-NADPH, nitroblue tetrazolium, triton X and Dowex 50W
anion exchange resin were obtained from Sigma Chemical Co., St.
Louis, MO, USA. N®-methyl-L-arginine monoacetate (L-NMMA) was
obtained from Calbiochem (Nottingham, UK). L-(2,3,4,5-3H) arginine
hydrochloride was obtained from Amersham (Buckinghamshire, UK).
Tetrahydrobiopterin was obtained from Schirks Laboratories (Basel,
Switzerland). NO' synthase antibodies to endothelial cell NO' synthase
(anti EC-NOS) and macrophage NO' synthase (anti mac-NOS) were
purchased from Transduction Laboratories, Lexington, KY. For anti
EC-NOS a 20.4 kDa protein fragment corresponding to the amino acids
1030-1209 of human EC-NOS was used as an immunogen. The






