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Reply to comment on: “Assessment of nitric oxide biosyn-  [6], viral infection[7] and cytokines such as TNk{5] on

thesis and peroxynitrite formation within the central the activity of this enzyme should not be underestimated.
nervous system by measuring.-citrulline in the cere- These studies, although in vitro, are consistent with findings
brospinal fluid?” on models of endothelial injury in vivi8]. However, direct

measurement of enzyme activity during an immune response

In a study performed by our group and published recently in vivo awaits further investigation, and the hypothesis
in this journal, we reported on a chromatographic method that dimethylargininase activity is responsible for citrulline
that may be complementary to the study of nitric oxide (NO) accumulation during infection should be supported on
biosynthesis in the central nervous system (CNS), based orexperimental data.
the measurement of cerebrospinal fluid (CSF) concentration On the other hand, the concentration of asymmetric
of citrulline [1]. Even though we have discussed in that paper dimethylarginine (ADMA) in the nervous system has been
why citrulline accumulation during infection/inflammation estimated to be at least 10 times lower than that of arginine
in the CNS should be considered as a product of NO syn- [8]. In this regard, it seems contradictory to consider ADMA
thase (NOS, EC 1.14.13.39) activity and less likely a result as the main source of citrulline biosynthesis, while arginine is
from other metabolic pathways, Dr. Dimitrios Tsikas dis- the mostavailable substrate. Infact, if dimethylargininase ac-
cussed our conclusions arguing that citrulline accumulation is tivity may be the main source for citrulline biosynthesis, cit-
more likely to be produced by dimethylargininase (dimethyl- rulline immunoreactivity would not be expected to be lacking
arginine dimethylaminohydrolase, EC 3.5.3.18) activity. We in nNOS knockout animals as it has been reported by Keil-
thank Dr. D. Tsikas for his valuable comments and con- hoff et al.[10]. It is true that the low ADMA concentration
sider proper to clarify some important issues regarding our combined with the accumulation of citrulline is suggestive
results. of a high rate of dimethylargininase activity, but it is also

In our opinion, dimethylargininase activity, although a consistent with a decreased enzyme activity in the absence
possible source of-citrulline, is not the most likely ex-  of enough substrate concentration.
planation for the rise in CSF citrulline concentration found Also, it is not the ratio of ADMA to the total pool of
in patients with infectious and/or inflammatory processes citrulline what would reflect dimethylargininase activity, but
withinthe CNS. This enzyme has been identified in the rodent the ratio of ADMA to only the amount of citrulline gener-
brain tissug2], although it has not been found in hippocam- ated by this enzyme, since it is not the only enzyme that
pal tissue from normal human controls by some authors regulates citrulline concentration in the CN&g. We think
[3]. that only enzyme activity assays would resolve this issue and,

Furthermore, inflammation/infection-induced eleva- to the best of our knowledge, a comparative study between
tion of dimethylargininase activity remains controversial. NOS and dimethylargininase activities in brain tissue has not
Interleukin-B-induced dimethylargininase expression been reported so far. To our point of view, we do not need to
found by Ueda et al. in smooth muscle cegd§ has not determine CSF nitrate concentration in our st{itlyto es-
been found, however, in endothelial cells, using tumor timate NOS activity; NOS Il expression and activity during
necrosis factorr (TNF-«) as an inducef5]; methodological infection/inflammation is a well-known eveff] and CSF
differences may account for these discrepancies. Bothnitrate concentration during CNS infection has already been
cytokines may be secreted during an immune response andreported11]; in our opinion, these results do not need to be
to the best of our knowledge, it has not been already reportedreplicated.
which of them develops the predominating effect over  The elevation of CSF citrulline concentration in infec-
enzyme expression in vivo. Even though our results may tious disorders reported recenflij is not likely to be due
be debated arguing changes in dimethylargininase activity, to increased blood—brain barrier (BBB) permeability, since
studies that have found an inhibitory effect of NOS Il activity the expected correlation between CSF protein and citrulline
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concentrations was not found. Also, although CSF protein [2] T. Mishima, T. Hamada, K. Ui-Tei, F. Takahashi, Y. Miyata, J. Imaki,

was significantly elevated, the slightincrease in arginine con- _ H. Suzuki, K. Yamashita, Dev. Brain Res. 148 (2004) 223.

centration in the same samples was not statistically signifi- [31 M- Smith, M. Vasak, M. Knipp, R. Castellani, G. Perry, Free Radic.
t[1]. These results do not seem to be due to sample size Biol. Med. 25 (1998) 898.

Cf”m " . T . p [4] S. Ueda, S. Kato, H. Matsuoka, M. Kimoto, S. Okuda, M. Mori-

since th!s was notaproblem to ach_|eve s_tatlsncal significance ~ ~ matsu, T. Imaizumi, Circ. Res. 92 (2003) 226.

in citrulline and protein concentrations, independently. Even [5] A. Ito, P. Tsao, S. Adimoolam, M. Kimoto, T. Ogawa, J. Cooke,

though BBB permeability may be altered, this is not sufficient Circulation 99 (1999) 3092.

to explain our results. Also, the increase in the concentration [ i‘c'gg'pggi JL) g"‘:r%gggz)'\"la“gggona'd' P. Vallance, Proc. Natl.

of some amino acids in the CSF of patients with CNS infec- 71 1 "weis, T.N. Kledal, K.v. Lin, S.N. Panchal, S.Z. Gao, H.A. Valan-

t|on/|nflamma_1t|on is not likely to be dqeto mfectlon-lnduce_d tine, E.S. Mocarski, J.P. Cooke, Circulation 109 (2004) 500.

proteolysis since the only amino acid whose accumulation [8] J. Jiang, D. Jiang, Y. Tang, N. Li, H. Deng, Y. Li, Acta Pharmacol.

reached statistical significance is a non-proteogenic amino  Sin. 25 (2004) 893.H.
acid. i.e citruIIine{l] [9] Wiesinger, Prog. Neurobiol. 64 (2001) 365.

[10] G. Keilhoff, M. Reiser, A. Stanarius, E. Aoki, G. Wilf, Nitric Oxide

We propose that citrulline determination should be con- Biol. Ch. 4 (2000) 343
5|dere_d comple_me_ntary .tO th_e _analy3|5 Qf other markers 0of[11] G. Giovannoni, R. Miller, S. Heales, J. Land, M. Harrison, E.
NO biosynthesis, including nitrite and nitrate. This should Thompson, J. Neurol. Sci. 156 (1998) 53.

be especially important in the context of non-enzymatic NO [12] S. Raghavan, M. Dikshit, Pharmacol. Res. 49 (2004) 397.

synthesis that has been reporteg]. We agreed that the best [13] H. Kaur, L. Lyras, P. Jenner, B. Halliwell, J. Neurochem. 70 (1998)
I S ; 2220.

way to analyze peroxynitrite formation is nitrotyrosine quan- [14] A. Daiber, M. Bachschmid, C. KavakiD. Frein, M. Wendt, V.

titation, although it should be evaluated carefully because  yirich, T. Munzel, Nitric Oxide 9 (2003) 44.

HPLC artifacts have been extensively repor&8,14} for

that reason elevations in nitrotyrosine concentration should Ivan Ferez-Nerf
be taken carefully. Sergio Monte§

In our opinion, there is no reason to consider that nitrosy- Marie-Catherine BofP
lation inhibition of dimethylargininase during NOS Il activity Jedis Ranirez-BernuideZ
is negligible in vivo. An assessment like this, is contradictory Camilo Ros?*
to some studief§], again in vitro, that should not be underes-
timated. In this regard, to discard a demonstrated inhibitory aDepartment of Neurochemistry, National Institute of
mechanism should be accompanied by in vivo experimental  Neurology and Neurosurgery, Insurgentes Sur 3877, Col.
results. La Fama, Tlalpan, CP 14269 Mexico City, Mexico

Finally, we agreed with the fact that citrulline accumula- b pepartment of Neurology, National Institute of Neurology
tion should be analyzed carefully under normal conditions  and Neurosurgery, Insurgentes Sur 3877, Col. La Fama,

where both dimethylargininase and argininosuccinate syn- Tlalpan, CP 14269 Mexico City, Mexico
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