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indecd beitg removed sinee it was eluted nfter the major
Fsll fraction.

Our recommended procedure for preparing Fot froe
from LH andd nlbamin is, therefore, an initind fractionation
of OF 1 on "Sephadex (.100' to remove inartive protein
and subscquent  fractionation and refractionation on
DEAE-"Sephnudex’. HRecent work suggests that "Biogel- 1w
jumy replnee ‘Seplhndex (21007, Two pusanges down l)li.-_\_‘i-l-
“Sephiulex” are generally reguired to obtain the desired
produet. The latter columns particularly regnire to bo
closely neannued wines 1ha prootss location of LI, FSRI and
albumin and the major ultra-vielet absorption peak are
somewhat varinble, presumably due to formation of
complexes between the various components,  Recovery of
activity on the coinmus as deacribed here was 70.83 per
coent.

A typieal fractionation s shewn in Fig. I, Rpecifie
biological assays for FSH and LH demonstrated that the
final product contnined tho equivalent of 1,000 {with 8)
per cent fiducinl limits of 730-1,430) mg first LR.D-
human  menopansal gonadotrophin (HMG) per ol as
FSH and less than 20 mg first LR.P-HMG per mib. as LH.
(These results in T.U. are 143 {104-204) 1.0, as FSH and
<10 1y, ax L

Purified F511 showed no loss of activity when conipared
with & control after incubation at 4° C for 2 weeks in
0-05 M cysteine, 0-05 M mercaptoethanol and 0-5 per ecnt
soruma albumin. Treatment with 0-05 M sodinn nitrite
in acetate buffer pH 5-0 for 43 h at 4° C caured 83 per cent
loss of FSH activity, 84 per cent of which was recover-
able after dialysis against 0-1 M mercaptocthanol (35 vol.)
for 20 h, indicative of oxidation of ~-8H to -85 by sodium
nitrite and reduction back to the original —SH groups by
meroaptoothanol. Equal portions of FBH which had been
dialysed for 24 hat 4° C against 8 M urca in acctate buffer
pH &0 retained 50 per cent of the original activity, but
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this was complotely lost Ly alkylation of the froo SH
groups with iodoacrtamide (3-3 per cent; pH 7-0) for ¢ h
at 4 C. Treatment of FSH in formic acid (80 per cent;
1 ml) at —10° C for 2-6 h with performic acid (006 ml.)
prepared from s mixture of formue acid (0 per cent;
-5 ml.} and hydrogen peroxire (30 per cent w/fv; 05 ml.)
caused complete toss of activity, but some 50 per cent of
the netivity waa lost un treatnwent wath formie acid (80
per cent) alone at — 10 U for 5 b FSIH activity wis found
to be Iabile to acid and treatnent with 02 M citrate
bufTor {pH 2:2) at 37° C for 28 L or with 008 M nacorbio
acid (pH 2:0) ot 47 C for 2 werks caused complete loss of
activity. This is probubly associated with the cleavago of
N-acotyineurnminie acid reaidues since treatment of FSH
with Vibrio cholerae neuraminidase at pH 66 at 37° C
for 2 h al=o cansed complete loss of activity. No loss of
activity was encountered on treatment of FSH with
chymotrypsin at 37° C for 13 or 24 h in 02 M phosphate
buffer {pH 7-0) and nttack by trypsin was relatively slow.
No loss of activity waa encountered at 3-4 h incubation
bt after 16 h oniy 16 per cent activity remained.  Using
five times the concentration of trypsin somo 60-G0 per
cent activity atill remained after 8 h, but there wns com-
plete Jows after 25 b Pronase cnused complete loss of
activity after only 2 h incubation at pH 70 and 34° C
and was by far the most destructive of the proteolytic
enzyimes tested.

Wao thank Dr. A. Stockell Hartree of the Department of
Biochemistry, Cambridge University, for the supply of
GM 1 fraction from tho Medical Rescarch Council collec-
tion of human pituitary glands. This work was supported
by a block grant from tho Medieal Research Council.
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LYSERGIC ACID DIETHYLAMIDE

IN MONKEY BRAIN
By Dr, SOLOMON H. SNYDER* and MARTIN REIVICH

Laboratory of Clinical Science, National Institute of Menta

“HE hallucinogenie agent, d-lysergic acid dicthylumide
(LS, profoundly alters integrative nspects of per-
ception. Finotional functioning is alse markedly affected
and there is considerable evidence of contral symputhetic
discharge.  On the othier hond, the diserimination of
primary madnlitics of sensation ineluding touch, posture
and kinnesthesia is not disturbed nor is voluntary move-
ment impaired?,

Newrophysiological investigations  have rovealed  an
impaired function in local repions of the brain after LS
administration. Thus, there is a highly specific depression
of synaptic transmission in the lateral geniculaie body of
the eatd.  In human subjeets with subeortically implanted
eleetrodes, LST) causes inerensed activation in the limbic
system which is not present in simultaneously recorded
neocortical leads®,

The characteristic cffects of LSD in man are produced
after minute doses (less than 1 pg/kg) and persist for 8-
12 h. Recently, it has been shown that after the admini-
stration of 2 ug/kg LSD intravenously to human subjects,
the drug disappears slowly from plasma with a half-lifo
of 3 h, and mensurable quantities peraist for 8 h (ref. 4).
Moreover, there is an excellent correiation between the
rate of disappearanco of LSD from the plasma and tho
recovery of a normal performance on & simple arithmetic

* Prescnt address: Henry Phipps Paychiatrie Cilnke, Johns Hopkius
Hospital, Baltimore, Marylsnd.

Health, National Institutes of Health, Bethesda, Maryland

test. It would thus appear that impairment of mental
functioning may be related to a continued presenco of the
unchanged drug.

In tho present inveatigation we have examined tho
hypothesis that the cffects of LSI} an specifie areas of
mental functioning might bo related to a capacity of the
drug to sclectively concentrato in gpecific regions of the
brain. The regional loenlization of LSD i tho brain of
the sguirrel monkey has been studied using a sensitive
and apecifie luorometrie method for tho mensurement of
michanged LS.  The subeellular loealization of LSD
in several areas of the brain has also been examined.

Four adult squirrel monkeys (Saimiri scrurens) woere
used in these investigations.  In one anumal, which
roceived 2 mg/kg LSI), the sub-celiular distribution of
LSD in various regions of the brain was detemmined,
whilo in the other theee, which respeetively received
2, 1 and 0-6 mg/kg of LSD, tho regional distribution of
LSD in tho brain was investigated. LSD (Sandoz) wna
administerced to the conscious animal by a slow intravenous
injection over n 10-min peried. The dose for cach monkey
was dissolved in 0-6 ml saline, Twenty minutes after
the ond of the infusion the animal was killed by au
intracarding injection of air. Tho brain was perfused
in situ with 250 ml. saline by way of the asconding sorta
in order to remove ss much blood as possible from the
brain tissue. The brain waa then removed and frozen
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at —26° C in an asatone-dry oo mixture after which it
was cut coronally into 3-mm soctions using a brain macro-
tome. Using tho atles of Gergen and MacLean®, ench
soction was dissected into discrete regions which were
kept in ice until analysed.

The LSD content of the disrected aroas of brain was
determined by the speetrophotofluorometric technique of
Axelrod et al.t, which is apecific for LSD. As littlo as
0-001 pg per ml. of LD can be measured by this method.
The mean difference of duplicate detorminations waa 7-3 +
2-4 per cent of the values,

The subestlular localization of LSD in various arcas of
the brain was examined by a method which will be
described in detail elsewhere’. Tissues were gently homo-
genized in 10 ml. 0:256 M sucrose with a ‘Teflon’ pestle.
The homogonate was centrifuged at 53,0009 for 1 h in a
discontinuous sucrose gradicnt prepared by successively
placing into & SW 23 lusteroid tube 10 ml. 1-17 M sucrose,
10 ml. 9-73 M sucrose, and 10 ml. of the brain homogenato.
In thia technique the pinched-off norve endings (synapto-
somes) and mitochondria aro located at the interfaco of
the 1-17 M and 073 M sucrose layers, and the micro-
somal-myeclin layor appcars at tho interfaco of the 0-25 M
and 0-73 M sucrose layers. Theso layers, as weil aa the
supernatant fluid, were removed with o Pasteur pipette
and assayed for LSD content.

LSD was unequally distributed in tho different arcas of
the brain (Table 1). The highest concentrations of the
drug were found in the pituitary and pineal glands.
These concentrations wero 7-8 times tho amount found
in the cortox. Tho anterior pituitary had approximutely
twice the concontration found in the posterior pituitary
gland. Structures of tho limbic system, that is, the
hippocampus, amygdala, fornix, and ascptal region, con.
tained 2-3 times the cortical concentration of LSD.
Among the doep cerebral structurcs LSD waa 2-5 times
moro concentroted in the visual and auditory arcos and
hypothalamus than in the cortex. The extrapyramidal

Tabla 1. Locatization oF LID 1IN IHFFERENT AREAS OF MONREY JiRADE
Exp. 1 Exp. 2 Exp.3 MceantS.E.
Sufcrﬂclal cerebral structures
‘rontnl grey 1 1-00 100 1-00+0
Frontal white 1-60 1-78 124 1-65 2010
Frontal grey and white 1:30 130 _ 1:35% + 0-05
Temparal grey 1-33 — 084 1-00 & (-26
Partetal grey 0-80 1-22 1112 1-05 £ 0-13
Parlctal whita G-05 0-83 118 080 +0-10
Corpna calfnsum 1-20 0-50 1-18 008 + (h21
Visaal cortex 0-63 1-28 143 1-11 + 024
Extrapyramldal syslem
Chuadate 122 1-39 108 1:53+ 023
Putamen 147 1:39 1:40 1-42 2303
Globis pallldna 27 1-81 1-84 101 =019
Sitbatantla nigra 1:-73 144 — 1:50+ 010
Vinual and audliory reffox arcas
Oplie chivima 472 6-00 &G0 b-40+ 061
Latrral genlculnts 10 2-39 3-80 312+ 041
Kuprrinr eontllealus 317 2-16 3-42 30+ 00202
Perlaqueductal grey 213 2-40 = 2:3810-20
Medbal genfonlate —_ 2.8 430 3402 0-RY
Inferlor eolticylus 1-80 2-30 2-80 235+ 0260
Hypothalamus
Anterior 219 3-00 2-44 2-0L0 + 0-20
Poatering 361 283 370 342020
Lithe: myatem
Amvinlala 1-70 2.28 3:40 240+ 048
Hippocampus 2.0 i-HD 2-80 30+ 420
Fornix 300 .00 350 307 £ 020
Antertnr commissure 300 344 -— 570+ 0-20
Srptum 211 — 244 2272010
Cereballum
Cortrex 0-40 0-83 004 0-81 £0-09
Dientate nucleus 77 —_ —_ 077
Pltuitary gland
Antesior 6-00 11-10 14-45 JO-51 £ 2445
Posteriar 340 6-00 6-70 5 hR+1-0D
Plneal wland 7-00 505 B8-00 8854071
Brain stam
Miigtrain 059 1-44 1-60 11174020
Panx 0-73 144 no 10H 01
Medufla 001 1-28 004 1040012
Thalamus
Anterinr 1:59 2-7R 220 2-10+0-34
Pomterior 1:30 0-50 138 1406+ 028
Blood — - 1-06
Tels _— — 183

The amounts of LYD administered wern 2 mafkg In exp. No. 1, 1 mg/ke
fn exp, No, 2, and 05 mg/kg in exp. No. 3. LSD concentrations arc expressed
A tatlo to frmntal grey concentration which was (-84 ag/g In exp. No. |, 0-30
#n/ginexp. No.2and 014 /g in exp. No. 3.
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Tabie 2. Coxvanwox o 1AD l}jﬂmﬂ oF Viriors Rmitoxs or 7%

voL. 209

Ratlo to frontal

grey*® concentration P xalte
Superficial rerebral structures 1-12 + 0-03 —
Extrapyranildal #yatem 100+ 00Dt <0001
Viaual and auditory reflex areas 337 20004 <0001
Hypothalamus 208 £ 0004 < 0
Thnlamus 146 4 0104 < 005
Limbic system 27420t = (HO01
Pitditary gland B0+ J-75¢ (02
Tioeal glnnd Ry = FT1Y < () G
Cetebellum 08l +0-09 ¢ <0012
Lirain stem 100t 019 »0-H

®Mean 2 S EM.
”T %‘ulgninmntly different from superfictal cerebral structares (Sindeot's
est).

Table 3, SUBCELLULAR DISTRIBCTION OF LS1) In MONKEY JIRALN

Percentage of total LRD In subeellninr fractions
Mirrosomess  Bynaptosomes-

Supernatant tyelin ritechondrin
Ilippacampus 75 i} ]
Frontal grey Ta 19 R
Froatal white v on 2
L350 added to homogenate " 15 6

system  and  thalamus [contained approximately 1-5
times the cortical coneentration, Among the superficial
cerebral structures LSD was about equally distributed
botween white and grey mattor. LSD was not
notably concentrated in the wisual cortex. The brain
stem contained concentrations of LS similar to that
found in the cortex. In ono experiment the blood con-
centration of LSD was determined just prior to killing the
animal and was found to be the same as the cortical con-
centration. The ccrebellum contained significantly less
LSD than the ceorebral cortex. In one animal the con-
centration of LSI in tho iris was measured and found to
bo 18 times as high as that of the cortex.

Sub-eellular fractions of the hippoeampuas, frontal grey
matter, and frontal white matter were prepared as already
deseribed, In a separate experiment, LSD was added at
4° (! to an intact brain, which was then homopemzed and
carricd through the previously described isolntion proce-
dure. In tho areas of the brain examined., LSI) was
largely confined to the soluble supernatant fluid (Table 3).
Thoe sub-celiular localization was the same when LSD
won added to tho homogenate. These results would
indicate that LSD does not localize in a specific sub-
cellular brain particle.

After intravenous administration of LSD, the drug is
unequally distributed in the differcnt arens of the Lrnin of
the monkey, with about a ten.fold varintion between
structures with the highest and lowest concentratians.
These differences in concentration are probably not due
to diffcrences in regional blood flow to these arens sinee
those investigntions wern performed 30 min after the
atart of the infusion. Although the initinl distribution of
LSD in the brain would be determined by the regionnl
cerchral blood flow, after 30 min it might be expeeted that
the wvarious tissues would Dbe approaching equilibrium
with tho Dlood levels of LSD and regional blood flow
would no longer be the determining factor.  This is sup:
ported by the fact that o comparison of regiona!l Mood
flow valuvs* and LSI) concentration shows no significant
corrclation {r = — 0-03; I » 0-9).

Tt is also unlikely that the unequal distribution of
L.8D ig aimply the result of its lipid solubility and conse-
quent predilection for white matter. There was no
apparent, differenco in the LSD content of cercbral cortex
and white matter. Furthermore, LED was highly con-
centrated in structures which are not especinlly rich in
white matter such aa the pituitnry and hypothalamus.

Another fuctor which should bo considered ia the vasci-
larity of diffcrent regions of the brain. However, sine®
tho maximum vascularity in the brain® is of the order of
3 per cent and sinco tho blood concentration of LSD wat
the same as that in the cortex, the different blood content
of various regions of the brain could not eccount for the
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magnitwcde of the dilfercoees i regionu] LR coneentras
tion found. Furthermoee, attompts wore sudo 1o wish tho
blood from the brain belors the determinations were mado,

In an investipation of the regional distrilmtion of
mesealine-1C in 1o eat brain, Neff of a0 found thiat
mescoline, like L31), was present in high concentration
in the pituitary and lnternl aml medial genieulato bodies,
In contenst to the present results wath LS, bugh coneen-
teations of mescaline wero fornd atter 30 wan an the cero.
brocorticai grey matter while white matter contauncd only
26 per cent as much wescaline,

Amold ¢t al.?? investigated the distribution of *C-L5D
in the mouse brain by an autoradiographic technigue,
They nlso divided the brain into cerolbrum, brain sten,
medulla, and  cerebelium, and  deternmined  the  total
radionctivity in these regions. It was found that cellulnr
arcas had Ligher activity than winte matter aml that these
areas could be arranged in order of deereasing activity as
follows: limbie lobe, luppoeunpus, basal ganglia, grey
matter weound the third ventrels, eorebrad cortex and
corebellum.  As the authors point out, these studies do nov
distinguish between LS and ita metabolites.  However,
in tho regions they sanalysed, the order of drcrensing
activity is essentinlly the same aa found in tho present
investigation.

LSD produces marked perceptual distortions.  fhese
sffects appear to bo the resuly of affectively deterimned
poreeptual  alterations and  hallucinations.  Thesy s,
however, no marked impairment of discrimanation of tho
primary modalitics of sensntion?. In tho present investiga-
tion, thore was no particulsr localization of LI in the
primary sensory areas of tho eercbral cortex.  The drug,
howoever, was highly concentrated in subceortical visunl
centres, which have been implicated in tho production of
visual hallucinntions?.  LSD was nlso found in high
concentrations in the himbie system and in the hypathala-
mus, arens which are thought te be nvolved in the media-
tion of affective behinviour®®. Monroo cf al.® found that
the most significnnt response 1o LSD was the appearance
of subeortical paraxyarnl activity, which wia most often
limitod to the septal, anterior hypothalamie, or amygda-
loid-hippocampal regions. Dramatic behavioural changes
were usually nasociated with the electroencephalographic
changos in these arcas. Cortain mentsl effects of LD
have proviously been shown to be related to persistent
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plasran luvels of unchanged LS. IL i possible that somo
of tho effects of LSD on ‘vimotionakity’ and affectively
determined perceptual alterations might bo related to
the acleetive concentration of this drug in arcas thought
to b involsved in these funetions.

LS produces contral symputhetic stimulation with
cifeets which includn hypergiveemin, mydrinsia, pilo-
vreciion, tuchyeandiag, ll*ncn(‘_\'lﬂﬁiﬁ. and o nso in I’Ody
temperature.  These effrets are related to the stimulation
of mesencephalic and  diencephalic structurea!®, arens
which seiectively concentrate JLSD.

The nbove evidence ia merely suggestive and obviounly
no conciusions can be draown from this investipation ns to
tho mode of action of L8D in produring its characteristie
offects. Furthermeore, in order to obtain wdequate tissuo
lovels for flnorometric assay relatively high doses of LSTY
wern administered in the present study. 1t s poraible
that with smaller dosea tho relative concentration of LSI»
in thoro areas which wo found had high concentrations
might be more pronounced.

In the investipations of subceliular distribution, the
localization of LSTY in the ecll aap would suggest that
1.573 is net bound to subeellular particies.  Armold
e al M, on the basis of their autoradiographic investiga-
tiona, concluded that tho activity was present in the
cytoplasm and not in the nucleus,
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INCREASED RED CELL BREAKDOWN IN ADOPTIVELY IMMUNIZED
YOUNG NZB MICE

By Dr. R. D. S. BARNES and MAUREEN TUFFREY

Department of Haematology, Institute of Child Health, Hospital for Sick Children, Great Ormond 5treet, London

; ICE of the NZB atrain spontancously develap
haemplytic annemia with autonatibodies sgninst

rod cells'. Holmes, Gorrio and Burnet havoe described w
positive dircet Coombs’s teat (D.CUT) in such mice, and
have bren able to detect this antibody in young mice
adoptively immunized with spleen colls from older D.C.T.
positive animulst. We reeently deseribed an antibuman
rod coll cross-reacting antibedy (AJILR.) in these mico?,
and now, using the spleen cell adoptive immunizntion
teehnique, have been able to indues this antibody in
young animals. Using rod cells labelled with chromium-51,
weo havo tried to relate the presence of theso two outi-
bodiea to ineronand red cell breakdown which, in man,
is nn essentinl featuire of nutoimmunoe haemolytic anaemin.
Animals. The NZH mico woro part of tho colony kept
in eonventional animal housing at Taplow. Donors were
solacted on tho basis of sox and their antibody status.
Rocipients, 46 wocks of age, were soparated into three

groups prior to the injection of spleen celln (Table 1):
those rocoiving spleen cella from donors which were (A}
AJLR. + D.CT. +,(B) AHR, - D.C'I. +, (C) A LR,
-~ D.C.T. —. Each group contained hoth males nnd
females, individual mice receiving cclis from a donor of
tho samo srx.

Splecn ecll suspengiona. In each group difierent numbera
of donor animals wore killed and their spleens taken after
perfusion with salino.  Spleen eoll suspensions weroe pre-
pared by gentle homogenization of individual epleens in s

Table 1. GroOUPE OF YOUKG NZJ MICE REORIVING SPLEKN CKLLA FROM
NZR DOKoRs
Donor antibody No. of reciplenta
Group slatus Male etnale
A DCT.+ A H.R.+ 14 L]
R D.C.T.+ AR — 8 15
[ DC.T.-AH.R.— 12 11
1.C.T., direct Coombe's test {4 or =),
A.l) _R., antlbody agsinst humap red cell antigen preeent o serum { +
or - )
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