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rxisting lysine dcficicncy and (ii j phar-
macoclynamic properties of lysine. In atr 
attempt to ~ v a l u a t ~what influ~nce the 
ingpstion of l y s i n ~  has on human physi- 
ology, we h a v ~  undertaken a number of 
studies. T h e  one reported here concerns 
t h ~influ~nce on gastric secretion. 

T\\.cntv-onr adult volunteers rvprc 
givpn trvo tcst meals ~ a c h ,  the first con-
sisting of bread and rvater and the s ~ c o n d  
of an  q u a 1  amount of bread and water 
rvith 5 g of lysine monohydrochloride 
added. T h e  two meals w r e  s~para ted  
by an  intrrval of 1 week. Fractional gas- 
tric analysis followed each t ~ s t  meal, and 
the amounts of free hydrochloric acid 
and pepsin lvere determinpd in samples 
taken cvrry 15 minutes for 1 hour. T h e  
m net hods used for t h ~ s p  analysrs arr  those 
descrihid by Hawk, O e r ,  and Su~nmer -  
7011 ( 2 ) .  

'Thr sigr~ific;~~lc,c all figurrs ob-of 
tained by analysis was determined by f 
and P values obtained from t h ~  formul:1 

LTalues of P arc charted from Fischer's 
table. V a l u ~ s  are considered significant 
when t h ~  P value is less than .0 l .  

Eightpen of the 21 subjects s h o w ~ d  
significant diffcrenc~s of gastric secre-
tions aftcr the trvo test meals. IVhenev~r  
the addition of lysine Tvas accompanied 
by an alteration, the change was an in- 
crpase. T h e  mean values of all data are 
given in Table I .  T h e  incidence of eff~cts  
on pepsin and hydrochloric acid secrc- 
tion t & e t h ~ r  or spparately is as follorvs: 
incr~ased p ~ p s i n  and increased FICl, 12 
subjects; increasrd prpsin but no in-
crease of FICl, three suhjects; no increase 
of p ~ p s i n  but increased FICI, three sub- 
jects; no incrcasc of prpsin or HCI, 
thrcc suhjects. 

Tho addition of 5 g of lysine mono-
hydrochloride to a bread and \vatpr tpst 
meal significantly incrcasc~d gastric secrc- 

Table 1. Eff cct of addition of lysint mono- 
h\drochloride to diet 

-

Mean values 
(units) Differencc 

Time Yo With Mean 
(min) llsine lysine S.E.* 

Pepsin 
15 -48 5 53  2.31 
30 1 102 101 5.35 
G O  30 169 139 8.51 

~-

" The \tandard error was determinrd fl.om ~ h r  

\ ~ ( s D . ) '  @D"+formula -
N N 

tion of hydrochlo~~c ,\cid and p ~ p s i n ,  o~ 
hoth, in 18 of 21  suhjects rtudi~cl. F ~ I -  
t h ~ l  r \ o ~ k  is beinq don? to pxplain and 
localize this action. I t  ma1 he of sonlc 
significance that previous work has de- 
veloped evidence that amino acids, pither 
by action in the intpstinal tract (3 )  or 
when given intravrnously by systemic 
action (41, promot? gastric secr~t ion.  
T h e  prpspnt study may indicate that part 
of the effect of lysine given as a nutri- 
tional supp lem~nt  r~su l t s  from t h ~  stimu-
lation of gastric secretion. This, of 
course, d o ~ s  not preclude or comppte 
with any importance ~vhich l y s i n ~  may 
habe as a paltiripant in anabolic proc- 
e.ses ( 5  1 
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Delayed Pain as a 

Peripheral Sensory Pathway 

The  pxistpnce of "second pain" as a 
"genuine sensory phpnompnon" rvas rp-
cently questioned ( 1) .  T h e r ~was also the 
more int~resting implication that a dp-
layed typc of "C-f ib~r  pain" does not 
exist at all as a separate pain spnsation. 
"Douhlc pain" can he aroused by an ap- 
propriate noxious stilnulus if it is applied 
to thc skin far rnough from t h ~  central 
nprvous systrni (2 ,  3) .  Thf: "second' or 
sloxvcr pain is ff,lt at a distinct time in- 
terval after the first or fast component, 
and it is usually cjualitatively differpnt 
from the first, being rnorp a diffuse ache 
than a s h a ~ p  prick, more unpleasant, 
longer la\tinq, and l i k ~  the pain that I \  

a ~ o u s ~ d  structure? b ~ l o \ \ ~  froni d e ~ p ~ r  thr 
\kin ( 4 ) .  Landau and Birhop ( 4 )  point 
out that this delayed type of pain has n 
greater thleshold for most t)per o i  
stiniuli than dops sharp prickinq pain. 
althouqh itr threshold is lower for c ~ r t a i n  
stimull. They also prespnt evidence (ebi- 
dently niisrpd h) Jones) that the delayed 
pain spnsation can be masked by the 
faster rharp pain; this maker it difficult 
to detect double pains under certain con- 
dltions of stimulation. 

I ruggest, therefore, that what the ex- 

pcrirncntal \\-ork reportcd by J o n ~ s  ( I )  
amounts to is a careful description of 
sump conditions of stimulation in which 
second pain is not d~monstrahle.  For 
e x a m p l ~ ,  threshold electric stimuli will 
never elicit second pain, e v ~ n  in "480 
separate det~rminations," if those rpcep- 
tors and nerve f i b ~ r s  subs~rving fast pain 
arc el~ctrically more excitable than those 
subsprving slow pain sensations. Thc  
more slowly conducting, amyelinated C 
f ih~rs ,  as well as their rpceptor endirlgs 
(41, have a h i g h ~ r  elpctric threshold than 
any other nerve-fiber group. 

Jones concluded that second pain, 
when it dors apppar, is an  cxp~rimpntal  
"artifact" r a t h ~ r  than a "gpnuine sen-
sory phenomenon." These distinctions 
have l i t t l ~  m ~ a n i n gwithout c a r ~ f u l  defi- 
nition for this context. Joni,s' main con- 
~c'niiorl rvorllcl appear to br that if a nox-
ious sti~rrl~lus were dclivercd at  the salllc- 
instant to any of the rccc,piors that sulj- 
serve pain, only a fast single, and not a 
double, pain could h~ produced-that is, 
that there is only one type of pain-sensory 
system; but her n~ga t ive  results do not 
provp this. If it is difficult [although not 
impossible ( 4 ) ]  to find a stimulus which 
pxcites the rpceptors that suhs~rve slo\\. 
pain ~vithout also exciting other types of 
receptors, this difficulty cannot be used 
as proof that slow pain is not a "genuine" 
and distinct sensory modality. More drfi- 
nitive evidence on this point must bc-
sought from other exp~rimental  procc7- 
dures. I t  is important, therefor?, to 
analyze some of the criticisms ( I ,  . i ) of 
thrse other, more positive lines of evi-
dence. 

Although t h ~total r~ac t ion  timp for 
perception of pain is obviously not a 
measure of conduction timp, t h ~  increasr 
in reaction time found when the stimulus 
is moved to a morp distal point (2)  can 
be a rneasure of conduction v~loci ty  in 
the sensory fibers. Jones dismisses such 
e v i d ~ n c ~by citing a more recent report 
( 6 )  to shorv that the inc rcas~  in reaction 
t i m ~with a more distal stimulus is small 
and relatively insignificant. But thic: 
negative finding concprned touch sensa- 
tions, not pain ( 7 ) .  If the impulses that 
are responsible for touch spnsation arc 
t ransmit t~d in group ,4 fibers of even thc 
sniall variety, for example, a t  10 m/sec, 
thpn the increase in reaction time that 
could be exppcted rvhen the stimulus is 
m o v ~ d  50 cm distally would b~ only 0.05 
second, and difficult to detect. O n  thc 
other hand, if delayed pain is m e d i a t ~ d  
by C fibers, at 1 m/spc, the difference in 
reaction time x1~ould be 0.5 second. This 
interval, which is rasily detectable, rvas 
found to be t h ~  actual difference in re-
action time to slorv pain for the condi- 
tions stated (2 ) .  

Although all cutani,ous senses show an 
increasing delay in perception during 
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comprcssion ischemia (1, 8 )  t l ~ r  dcl;iy 
in perception of pain tends to increase, 

rathcr suddenly and at a tirne ~z-hen 
touch smsibility is lost (9) .  Zotterman 
explained this plausibly as follo~vs: fast 
pain inipulses arc transmitted along ~v i th  
touch irnpulscs in the A-fiber group, and 
sincc the A group ceases functioning br- 
fore the C group during ischemia, onr is 
left rathrr suddrnly with only slowlj- con- 
ducted, CLfiber, "second-pain inipulses." 
There is grncral agrrrment (3,4,8-10) 
that aftrr the loss of othcr sensations has 
occurred during compression block, a 
slow, vcry unpleasant, aching pain scrr-
sation can still be arousccl or even br:- 
comes morc cvidcnt or "unmdskrd." 

This, and the rcvcrsc finding u j th  par- 
tial procainc block ithat ic, abolition of 
thr  slow, aching pain witlt rrtention of 
thc \harp, p~ i tk inq  pain),  also Ine'lni 
that thr  func t~onal  p,itlir\r,iv\ f o ~  thr tnro 
typr\ of paln arc scpnrable. 'l hlx suggcs- 
tion (see 11)  that larious pdins are 
\imply the result of sufficientl) intrnsr 
activity in any srncory pa th~ tay  cannot 
h a ~ e  gcncral Lalidit), since impulses at 
high frequrncies in largc numbrrs of thr  
larger niyelinatrd fibrrs in a nrrve trunk 
lead only to a tingling scnsation without 
pain (12) .  T h r  coninion factor ~v i th  in- 
tense tissuc stimulation of any kind is 
tissue damage, and apparently this is the 
stimulus to mhich the receptor mdings 
of the "pain fibcr" systems arc cspcci,~lly 
sensitive (see also 4 ) .  

T h r  ~ ~ o r k  of thc Oxford group (5, 8;  
is clted by Jonec to shot\ that the rarlier 
cvidcnce ( 3 )  for the ccparability of fast 
and slam pain, based on the order of losc 
of scnsation durinq nrrvr blocks, now 
apprars to ha le  bccn unreliable. Rut a 
careful cxamination of thesc papcrc rc-
vrals that this conclusion rnay not br  
warranted, althouqh admittrdly thrir 
general suniniary statrrncnts apparcntl~, 
aqrcc with Jonec' c~aluat ion.  Sinclai~ 
and Hinshaw ( 8 )  state thnt thcv did ill 
fact find statistically cignificant cliffct-
rnces in the order of scnsory loss bctlz re11 
procainc blork and compression block 
of a gix~en ncwr. They also point out 
somc of the factors uhich could havc 
accountrd for the \ariability of rrsults 
in thrir human scnsory cxprriments. 
when compared with the consistent or-
ders of fiber sizes blocked in animal ex- 
periments. Other factors that may ;ic-
count for this variability have beer1 
suggested ( 4 ) ,  to which one may also 
add that of \,ariation in available tissuc 
buffers which neutralize procaine hydro- 
chloride to the morc penetrative free 
alkaloid. Consistent, clear-cut orders of 
sensory losses can be obtainrd by using 
more dilute procaine solutions on smallrr 
pcripheral nerves ( 4 )  and in spinal anes- 
thesia ( 1 3 ) ,  ~vhere  the sheaths of thc 
spinal rootlets are also uniformly thin. 

Thc  iipp;rrcSnt f;~ilul.c> of histologic;ii 
specilicitics in r cvp to r  end-organs to 
account for the diffcrcnt srnsory modalj- 
tirs found in a givcn arca of skin (14)  
simply sho~z-s that the cornnion trxtbook 
conccption of thr correlation bet~vrcn 
four types of receptor end-organs and 
four cutaneous scnsory modalities is too 
rigid. Surely, physiological sprcificitics 
for responses to diffcrcnt stimuli may 
still exist, rvcln aniong apparently uni- 
form receptor nerve endings, basrcl 01, 

structural and chemical sprcihcitirs 
that arc not evident nr~th prc\rnt h ~ \ t o -  
logical trchniques. 

Thuc, thr simplest and brst supportrd 
hvpotheslc available, aniong thow h l -
pothrses that havc bccn propoccd for 
relating thr  pain rnodalitics to the sen-
sory nerye fibrrs (and onr  still held 
faill) ~ ~ i d e l y  alrlorig ph)sioloqi\ts) irialu- 
tains ( i  j illat paill in general is mcdiatrd 
prrdoniinantl\ b) small m\rlin,itcd 
I dclta) and arn)rlinatecl ( C )  sensor! 
fibrr groupc and ( ~ i )  that, in thr  skin 
tissues, fast, sharp pain is ~nccliatecl pre- 
dominantly by the firct fibcr group, T\ hilc 
the slo.rz7, more unplcasant pain is medi- 
ated prcdominantly by the sccond. Sen- 
sations othcr than pain arc, of course, 
not nrcessarily rxcludcd from bcing rcp- 
rcscnted in thrsc fibcr groups (3, 81, nor 
is thr possibility cxcludcd that thr total 
pattcrn of irnpulscs arriving in different 
pcripheral pathways may affcct the n,r- 
turc of the subjcct i~c scnsation that rc-
sults. In  deepcr tissucs (prriosteum, 
muscle sheaths. and so forth) the morr 
unplcdsnnt pain. nithout sharpnrsc. i r  

apparrntl) mediatrd by both groups oC 
small fibcrs, although rven here the C 
fibcrs probably are rcrpons~ble for the 
slo\vc,r, more penetrating, longer-lasting 
component ( 4 ) .  
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In  my original paper ( 1 ) , thc conclu- 
sions prrsrnted were based on thc evi- 
dence. I)etailccl consiclrration of each bit 
was irnpossiblc because of limitation of 
spacc. Thc  foregoing discussion by Libct 
adds nothing new. I t  is a rcstatcment of 
a srlectcd portion of older litcraturr, 
most of ~t uceless because of failure to 
( ontrol stirnulati011 and bec nu\(, of ignn- 
I , I I IC(*  o f  p1opc.r c o i ~ d ~ t i o ~ i \  of judg~n~c~i~t  
and p c ~ t h o p h ~  a1 metl~ocls ( 2 : .s ~ t  

The  loosr accusation thnt I miscrd thc 
point that "fast panl" rnay mask "slol\ 
pain'' ( 3 )  ic unjuct, for it is s f i e c i f i~a l l~  
reft,rrrd to in paragraph eight ( I ) .  I t  is 
a mere aassumption, ~ ~ i t h o u tshred of 
el  idcncc to support it, invrntcd to bolste~ 
a popular hypothrsis. Even the authors 
could not grt  most of their "u~lnrciu-
diced" subjects to fccl "sccond pain." 

Spacr prrmits comnicnt on only t~z-o 
spccific points. Thc statement that "slo~z- 
pain" has a higher thrcsholcl than "fast 
pain" is, again, an assumption. I t  is a 
conclusion drawn from thr  fact that ab- 
normally functioning tissue ( 4 )  has a 
higher threshold than nornial tissue, and 
so do C fibcrs. The  connection bctwccn 
thc two is nt prP\Pnt r~ i thou t  rviclrncr 
In  my experiment. suprathreshold me-
chanical stimull were usrd without arouc- 
Ing "slou pain." Suprathrcshoid elrctric 
s t~muli  creatc ccrious problenic. 

Second. Llbct s emphasis on rcaction 
tirnc ic unfortunate Nonc of thr studirs 
rnret tht, niin~niuni rerluircmcnts for 
work in this firld '5).T h r  ilcg\tlx7e find- 
ing with rciprct to touch ( 6 1. thr I c ~ u l t  
of much more carcful study than the 
carlicr studies on pain, was cited to in- 
still caution in dealing with pain, u-here 
the tirnc of action of the stimulus is in- 
clctrrminatc. A diffcrencc of 50 millisec-
onds is. incidentally, readily demonstra- 
ble with proper techniques. 

Depc.tldence on results of ischemia or 
blocking, or both, is unwise ( 4 ) .  illso? 
plots of decreasc in ilnpulsr amplitudr 
and increase in latency aqainst duration 
of ischemia show s~noo lh curves ( 7 ) .  
I,ikcwise, no correlation was found be- 
tween conduction time and blocking 
time [for various touch fibers, and pre- 
sumably also for others (8)1. 
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An in vitro Eft'ect of 
Vitamin D on Citrate Oxidation 
by Kidney Mitochondria 

T h e  possibility that an in vitro effect 
of vitamin D may bc demonstrable ap- 
pears evident from the effects on citrate 
metabolism which have been reviewed 
in recent publications (1,2 ) .  I n  these it 
was reported that additions of vitamin 
D to rachitogenic and nonrachitogenic 
diets reduced the oxidation of citrate by 
kidney homogenates and mitochondria, 
thereby accounting for an increase in 
the citrate content of certain tissues and 
an increase in the citrate excretion in 
urine. Lately, we have succeeded in 
demonstrating a reduction in citrate 
oxidation by kidney mitochondria when 
vitamin D was added in vitro. 

Young, male rats of the Sprague-Daw- 
ley strain were made vitamin-D deficient 
by the feeding of either a rachitogenic 
or a nonrachitogenic diet as described 
earlier ( I ) .  They were killed by decapi- 

Table 1. The in vitro effect of vitamin D 
on the oxidation of various substrates by 
kidney mitochondria. 

With-
out 	 With De-

vita-Substrate vita- crease 
min D 	 min D* 

( %  
(11.10 2 )  

(11.10 2 )  

Citrate 85 
Isocitrate 81 
a-Ketoglu-

tarate 75 
Glutamate 69 
Succinate 115 
0-Hydroxy-
butyrate 35 

Pyruvate plus 
oxalacetate 88 

* O n e  hundred and twenty-five micrograms of 
vitamin D, in 0.05 ml of propylene glycol per 
flask; other flasks received 0.05 ml of propylene 
glycol alone; 0.7 mg of mitochondrial nitrogen was 
added to each flask. 

tntlorl, d r ~ dkldney rnltochondrla were 
prepared, essentially by the method of 
Schneider ( 3 ) .  

m 
I he oxidations were carried out in a 

\\'arburg apparatus at 30°C with air as 
the gas phase. T h e  incubation mixture, 3 
ml in volume, contained 40 ymole of 
phosphate buffer ( p H  7.3),  20 ,urnole of 
MgCl,, 6 ,urnole of adenosine triphos- 
phate, 0.08 ymole of cytochrome c, iso-
tonic sucrose, and the indicated addi-
tions. Fortv micromoles of ~ lucose  and " 
excess hexolrinase (Sigma) were added 
from the side arm of the flasks to pre- 
vent limitation of oxidation by a lack of 
phosphate acceptor ( 4 ) .  All substrates 
were added in amounts of 15 umole. ex- 
cept citrate and succinate, which were 
added a t  45 ymole, and oxalacetate, 
which wr2s added a t  10 ymole with an 
addition of 15 ymole of pyruvate. 

When desired, the flask contents, prior 
to and following incubation, were depro- 
teinized with 10-percent trichloroacetic 
acid. The  filtrates, for the calculation of 
P/O ratios, iverc analyzed for P by the 
method of Lowry and Lope? ( 5 ) .C'ltrate 
was determined by the method of Speck, 
Moulder, and Evans ( 6 ) ,and keto acids 
bv the method of Friedmann and Hauqen 
( 7 ) .  Vitamin D and other compounds 
tested for their effect were added in pro- 
pvlene glycol or occasionally in the 
ethanol-serum albumin-phosphate buf-
fer suqpension of Nason and Lehman 
(8) .  In  all cases, only 0.05 ml of each 
of these preparations was added to the 
contents of a flask. Control flasks re-
ceived an equivalent amount of appro- 
priate carrier. 

T h e  comparative effect of vitamin D 
on the oxidation of various substrates 
(Table 1 )  clearly shows that vitamin D 
had a pronounced effect on citrate and 
isocitrate oxidation. Its effect on gluta-
mate oxidation was small, but siqnificant, 
while on the oxidation of u-ketoglutarate, 
succinate, 0-hydroxybutyrate, and on py- 
ruvate in the presence of oxalacetate, it 
had little or no effect. I t  is interesting to 
note that only the triphosphopyridine 
nucleotide systems are affected if one 
considers glutamate oxidized by both tri- 
and diphosphopyridine nucleotide path- 
'r? a1 s. 

Table 2 illustrates the action of vita- 
min D in reducing citrate oxidation and 
a-ketoglutarate production while not af- 
fecting 	 coupled phosphorylation effi-
ciency to any degree. 

I n  experiments not shown here, vita- 
mins D, and D,, when added in vitro in 
either of the carrier systems used, were 
equally active in reducing citrate oxida- 
tion, while equal quantities of 7-d~hydro-  
cholesterol, ergosterol, AT-cholestenol, 
and cholesterol were inactive. However, 
it should be noted that in view of the 
different solubility characteristics of the 
sterols as compared with vitamin D, the 

Table 2. The in  uitro effect of vitamin D 
on the accumulation of a-ketoglutarate 
during citrate oxidation. The values rep- 
resent an average of at least six determi- 
nations. 

u-Keto-
Ci- Oxy- glutam 

trate gen 
oxi- con- rate 

P/Oaccumu-
dized sumed lated 
(ug )  ( 1 1 . 1 0 2 )  ( yg )  

Without 
vitamin D 630 83 14.4 3.0 

With vita- 
minD2* 180 46 8.5 2.7 

* O n e  hundred and twenty-five micrograms of 
vitamin D, in 0.05 ml of propylene glycol per 
flask: other flasks received only 0.05 ml of glycol; 
0.7 mg of mitochondrial nitrogen was added per 
flask, and the oxidation was continued for 10 
minutes. 

possibility that they did not enter the 
mitochondria cannot be ruled out. 

T h e  possibility that the resulting ac-
cumulation of citrate in kidney, and pos- 
sibly in other tissues, may be an  impor- 
tant factor in calcium transport and 
deposition appears increasingly alluring. 
Studies on these phases are in progress, 
especially with relation to specific en-
zyme systems. 
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Insect Nutrition and 
Metabolism of Sterols 

T h e  importance of cholesterol and re- 
lated steroids in insect nutrition was first 
demonstrated in 1935 ( I ) ,  and it is now 
well established that insects in general 
require a dietary sterol ( 2 ) . T h e  insects' 
nutritional requirement for sterols is in- 
dicative of an inability to synthesize the 
steroid nucleus, a t  least in physiologi-
cally adequate amounts. This character- 
istic is in  direct contrast to that of the 
higher animals, in which steroids are 
apparently synthesized from simple com- 
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