
Tram-sulfuration in rat brain-Effects of 3,4-dihydroxyphenylalanine (L-dopa) 

I\ I.AKC;I. daily doses. L-3.~-dih~dros~phen!lai:117ine ( L-dopal is the most etfectivc therapeutic agent pre- 
sent)! available for the treatment of Parkinson’s dwasc.‘.’ The ration& for its use ib based on the dopa- 
mint replacement theor?.’ and much cvidrnce in support of this thcorl ha< been published ’ _ When 
cxpcl-imental antmals rccci\e intrapcrttoneal injections of large amounts of L-dopa. comparahlc to the 
qunntitics used in therapq. a major portion of the dt-ug is converted to 3-0methyl-dopa and to homo- 
\anillic acid. The metabohsm of large amounts of c\ogenous L-dopa C;ILISCS a marked decrease in brain 
,~nd Lidnch Ic\cI\ of S- adctloi~lmethlontnl: (SAM). tlw mcth>I donor- fclr the O-inetll!I~ttion.x ” Slncc the 
con\er\ion of S4M to S-adenos!lhomoc!stellle. i.c. demeth!Iation. is a major step in trans.sLllfurntlon 
rc-actions In tissuca. wc hn\c in\cstigatrd thcprqblcm of whether large amounts of L-dopa affect the Ie~els 
of wmc sulfur contalnlng c~~mpoundr. pat-ticulari! c~\tathl~~ninc. in the blain. liver and kidne! of rats. 
The \! nthcsib and degradation of c! <tathtontnc arc mcdiatctl in the tlsaucs 131 p!ridoxal phosphate-rcclult-- 
Ins cn/!mc\. Slncc p~ridoxlnc \4ill rc\ct-w the thcrapcutic cll;‘ct\ of1 -d<?px” ” the clfwt of tht\ vitamin 
\\a, ;1140 m\c\tl@;itcd. 

Adult m;tlc rata (Sprague Daulcj dcrivcd) wcrc housed in pours and Mere matched on the basis of siml- 
Iat- hod! v,cight. The t\bo animals wcrc rrcntcd identicalI!. escqt that one of each pair reccivcd an intra- 

pet-itoncal inicctlon of I -dopa (IO0 mg kg) dtssulxcd 111 0.05 bl HCI (It) mg ml) evq 23 hr for 7 hys;' 
hc other mcmhcr of the pair rer\cd as control ;~nd was inJcctcd with the dllucnt onI]. Some animals 
rccci\cd a single mjection. Fort>-li\c min after the lin,d inyxtion. the rats v+cre decapitated and the branis. 
li\er\ ;md kidncgs v,crc removed and rinsed in cold \vatcr. A c!stnthionine-containing fraction w:15 then 

iwlatcd ftrom cinch tisauc hq iotwxchange chromatogr;tph! a:, prc\tousl!, dexribed.” In some cx- 
pcrimcnt\. both rats rccc1vcd pyl-idoxine-HC‘I err/ /i/J. 111 their drmking aatcr (04.5 mp’ml) and were inJected 
d,ul\ for 7 da>s with p\ridoxine 15 ms kg giccn in sillincl. 

In prc’\wus studw.” I+L‘ ha\c \ho\\ II that c)\tathioninc conccntr,ltions in norm,il ~-at ht-aln and libct- 
al-~ lov, and dltlicult to evaluate quantitati\cl) tn unpoolcd samples. The following p!-ocedurc was dcviaed 
spcciticall! for measurmg this amino actd in an extract from a sin@ rat brain. The cqstathionine-contain- 
~ng fraction from ion-cuchangc columns was evaporated to dryness under reduced preasurc and redis- 
aol\cd in I ml of nqmx~us solution containing sodium pyrophosphntc (200 mM) and PDTA (SO mM) at 
pli 8.0. An .Iliquot (usualI) 0.X ml for brain and 0.2 ml for other tissues) was transferred to a cuvettc con- 
tanning ~O~rtnolczp~rldounl phosphate and the total \olumc n:is adjusted to 09 ml with sodium pqrophos- 
phatc hutl’cr. Ihwrhance &as measured at 31 2 nm in Lk Gilford model 200 spcctro-phototnctcr against 
a blank. identtcal to the sample except that the tlssuc was replaced with an equal volume of bulb. The 
cu\ettca nerc allowed to equilibrate nt 37 then 0.X.3 ltmole of 5.5’-dithiobis (2-nitrohenrotc acid) (DTNB) 
u ;I< ,~dtlcd and the .thsorhancc mexwrcmcnt\ wcrc repeated. ;’ -C>stathmnnse (75 /II). purified from rat 
Il\Cl.~’ \<:I\ L~dclcd (total \olumc. I ml] and the IncrcCtw 111 abwrhance at ?I 2 nm \%ith time \\a rccordcd 
automnticall~. The rcactton LLIIS ewxtiall) completed 111 from 3 to 5 min. so the ahsorb~tnce \aluc at the 
latter time period \vas chow1 for all calculations 

The amount ofen/-ymc required for each analqsia dcpcnda upon the specific actiwt) of the preparation. 
Ho\zc\cr. \\e found variation in rcsponsc from batch to hatch. For that reason. standard curLa were run 
fol- each cnr>mr preparation used In the studies. The data tn Fig. I \how that increasing cnqme con- 
ccntrattons do not gi\e linear incrrnscs in response. They also show that the sensttivity of the method 
can ix increased hq increasing the amount of rwymc used in the assay. Data analogous to those shown 
in Fig. I were compiled for each preparatton. and a concentration of enryme to he used was chosen. We 
arhitraril! selected a conccntratlon to gi\e a slope of about 3.0. In Fig. I. the standard error for each 
cxpcrimcntally determined point. using the preferred amount of enr!mc (IO0 units) is + 0412, 0.007 and 
0402. respccttve to increabes in cyatathionine concentrations. C’~stathionase. by the way. is stable for at 
least 6 \\eekh at -20 With brain and kidney cxtrxt. recovery of mternal standard of L-cytathionine 
ranged from 92 to 100 per cwt. With li\cr extract. recoveries v.\crc consistrntlq in the 50 per cent range 
(52-k 2). w the data for this tissue were corrcctcd for the difE_xnce. 
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cursors and dcrl\ati\cs.‘” Howc\c~-. hr~in mcthioninc Ic\cl\ i,,~ not ~rcduccd and the cnr! mcs rehponuhlc 

for the t/c )IOLV syntheses of this amino acid bare not all’ected by r-dopa trc~~tment.“ This disparlt) had 
Ied to the suggestion that methioninc may not he ;!n c\scnti~ll ;imino :icid for brain.‘. The ;1mounts of 

sulfhydryl-containing material. as measured b) the proccdurc abo\c, were not altered in crther brain or 
krdncy after L-dopa injections. Disulfide levels in brain. as determined on pooled extracts bq the nitro- 
prusside procedure. also %lerc not :tltered: diaulfdc Icvela Rcrc not dctcrmined in kidncl. The incrcIscs 
in cqstathionine with I.-dopa could refect. therefore. ;\ diversion of the increlrscd lcvclb of S-adcnosjlho- 
mocystcine. through the trans-sulfuration pathwa!. Rat brain. hke human brain. is rclatitely rich in cys- 
tathionine synthase ilb compared to c!stathion;rrc. and tis~uc p!ridoxine Ic\cls influence the octi\it> of 

bOlh t2llryll”s.‘~ 2il In p\ridoxmc dclicicnc!. ckstathioninc conccntr:ttionh ;Irc Incrcascd in mosl r;lt 

tia~ucs. includln! braln. -. “_I ’ Ix The incrc;lacd Ic\cl\ found u ith I -dopa ;irc prob:lbl! not due to ;I dop~l- 

induced p>ridoxlnc deiiciench. since the incrcnre I\ rcstrlctcd to hr~rin and rcplctin, (7 the vitamin cnh;inccs 

rather than revuses the dopa effect. The pos\ihilit> of :I localilcd delicicnc! c;innot bc ruled otlt ho\+ c’\cI-. 

The effects of I -dopa on kldncb cyhtathioninc Ic\cls p:ir;lllel the ch:rngc< ohscr\cd jn kidney SAM coc 
ccntratlons.“’ in dircctit,n. if not III maynltudc. In Lidncl. p!rido\inc appc;u\ to hc clTclctI\c. :I$ it I< in 

brain. on1v after chronic ndministrntion of L-dop;‘. In each CXSC. that cll’ect I\ to incr-c;isc the :imount ol 
cystathior&e. Originally thib study veils designed to tlctermine I -dopa ctkcts on brain. For th~lt re;lhnn 
~tnd because L-dopa had been extcnsivelk evaluated prior to it> thcr~~peutic USC In humans. some of the 

interesting observations on kidney have not hecn. ;~s Let. further investigated hq us. Among these is the 

frlct that the kidney outrncts ilre dccplq pigmented. Patlcnts who rcccive I -dop ma! excrete urine \Ihich 

becomes reddish bro\vn. particularly at alk;ilinc pH. The plgmcnt i\ due to large amounts of dopa metabo- 
liter. prohahl! tlnhno\\n. \vhich ;I!-c con\idcl-cd to lbc h;IrnlIc\\.l ,11\o. that-c i\ no <clod cspl;tn;l~ion for 

the greater umounts of kidney cystathioninc found in thcac rats. unless Lidnch function is altcrcd bg the 
sizable amounts of diluent (0.5 M HCI) iniectrd intd thc‘se animal>. 

.3~k,ion~/rr/yr~1r~~frr,\ This work bils <upportcd. in p:“-t. h! funds ~recc~ved from the United States Public 

Health Ser\icc. Grnnt NS04354. We wish to thank DI-. Rodney Bryant for helpful advice :rnd for the 
statistical analysis of the data. WC also th:ink Mr. P. Gordon for technical ilsustimcc. 
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