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al. 1954) that the cause of the symptoms may be secretion
of 5-hydroxytryptamine (serotonin) by the %umour, but
biochemical observations are scanty. In this paper we
present the clinical, pharmacological, and biochemical
findings in three cases observed at the Manchester Royal
Infirmary.

Case-records

PATIENT 1

At the age of 61, 9 months before his death, this patient
first noticed unpleasant flushing of his face a few minutes after
a drink of beer. When he next took beer, 6 weeks later, a
single mouthful bad the same effect, and 10 weeks after the
original episode he began t_ have spontaneous attacks of
flushing about twice a day. 5 months before his death, he had
a gradually deepening permanent .flush which grew deeper
during periodic attacks ; and these were associated with an
urgent desire to defecate. Some 4 months before his death,
watery diarrhoea hsd become troublesome and his weight had
fallen by one stone.

Inve_tigation.s
When he was admitted, the skin of his face and neck was

deep red and coarse, ahd his lips were cyanosed. The heart
• appeared normal. The liver was hard, irregular, and enlarged

to the umbilicus. Chest radiography, barium meal, barium
enema, full blood-count, electrocardiography, liver-function
tests, and tests for occult blood in the stools showed nothing
abnormal. A clinical diagnosis of malignant carcinoid was
made, and this was supported by the finding of raised levels
of 5-hydroxytryptamine (5-H.T.) in the blood, and 5-hydroxy-
indole-acetic-acid (5-H.LA.A.) in the urine.

As little as 10 m]. of 10% alcohol, by mouth, or intraven-
ously, caused an intense flush, which spread over the entire
body within 5 rain. An attack of flushing was accompanied
by a rise in blood-pressure from 130/70 to 150/70 mm. Hg,
tachycardia, and an uncomfortable sensation in the abdomen.

Progress of lllness
During the 5 months the patient was under observation the

flushing rapidly became more intense until 1-2 months before
his death. From that time, with increasing eachexia, the
attacks forded; but the diarrhoea continued, and ankle

S - oedema appeared and increased despite the use of mercurial
a_C_ S._f COpy diuretics. Finally the patient developed a respiratory infection

and died. At no time were any cardiac murmurs heard.
NO_ fOP d!:._ri_Ut!C Consent for even a limited post-mortem examination was

refused.

' _ ..... _ _ _ PATIENT 2

BOL 4/Gy 946/LSD 130 In a woman of 58, the illness began with watery diarrhoea,
which continued until her death 2 years later. A month later,

Lancet 269_ 1004 (1955). lethargy and weight loss were noticed, and after a further 9, months she developed progressive dyspncea on exertion. 6
months before death she suddenly experienced a sensation of
pressure in the epigastric region followe d by unconsciousness
lasting for 10 hours. This episodv was repeated twelve times,

HUMERAL EFFW.CTS OF nine of them occurring after admission 2 months before death.

METASTASISING CARCINOID TUMOURS The attacks usually began with slight flushing of the face and
hands ; within a few minutes the patient became too weak to

P. J. D. SNOW J.E. LBNNARD-JoNES move. She complained of nausea, a sense of suffocation, and
-_-- a feeling of severe epigastric pressure. The face and extremities

M.B. Manc., M.R.C.P. M.B. Camb became intensely cyanosed, while the rest of the skin was pale,
SENIOR lkEGIS'I'J[_LR 81_NIOW-HOUS_.-OJTXC_ cold, and moist ; no peripheral pulsation could be felt even in

UNIVE/_ITY DEPA]_TMENT OF _NeDICINE, MANCHESTER ROYAL the carotid arteries, but the heart sounds were normal, the
IN]rLRMA.RY rate being 100-120 per min. Despite this circulatory collapse

consciousness was retained, except in the first attack. The
(]. CURZON retinal vessels showed no abnormality apart from hyanosis.

B:Sc., Ph.D. Leeds The respiratory rate was only slightly increased ; examination
of the lungs revealed no cause for the feeling of suffocation.

SC]KI,ESINOFA_.Hw.SEA]gCH FELLOW, THE NATIONAL HOSPITAL After several hours the patient gradually recovered, but she
FOR NERVOUS DISEASES, QUFJN SQUAltE, LONDON felt weak for a day or two. Occasionally the attacks were

R. S. STACEY followed by oedema of the lips and hands. During ohe attack,
in which an indwelling catheter was inserted, no urine was

M.D. Camb. secreted for four hours.
UNIVERSITY ]KEADF,R IN T]wll_.APEUTICS, ST. THOIKA8'S HOSPITAL From about the time of the first of these episodes, the

_DICAL SCHOOL, IA)ICDON patient also began to experience slight flushing of the face
Bi6rek, Ax_n, and Thorson (1952) and Thorson et al. and hands up to three or four times a day. This flushing was

(1954) drew sttention to a curious syndrome found in usually but not always related to meals, and the only dis-
tressing feature was a forcible heart action. Often there was

some patients with malignant carcinoid tumour. The no change in her appearance, apart from the flushing, but
most constant feature is a peculiar type of flushing, but transient blotches of cyanosis and pallor were observed once.
diarrhea and right-sided valvular lesions of the heart Between attacks of flushing the patient felt moderately well,
may also be present. • It has been suggested (Thorson et except for her persistent diarrhcea.
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Investigations

r The live¢ was firm and enlarged a
hand-breadth below the costal mar-

gin. The blood-pressure was 130i90
ram. I-Ig, and a soft systolic murmur
was audible at the base of the heart.
Electrocardiograms (taken during
and between episodes of collapse),
chest radiography, barium meal,
barium enema, a full blood-count,
and liver-function tests showed no
abnormality ; a benzidine-test for
occult-blood was positive. The
taking of alcohol did not reproduce
the symptorrm. A clinical diagnosis
of malignant carcinoid was made A S C
and w_s subsequently . confirmed Fig. I_Flushing after alcohol (patient 3),
at necr_)psy. A, Before alcohol. B, Height of flush. C, Flush fading.

Oparation larly began 4 minutes after taking 10 ml. of 10% alcohol, and
In view of the unimpressive results of medical treatment, lasted 15-20 rain. Tl_e flush was accompanied by a rise in

and th_ improvement observed by Thorson etal. (1954) after pulse-rate from 64 to 96 per rain. and a rise in blood-pressure
the removal of a large mass of extrahepatic tumour tissue, from 120/70 to 130/70 ram. Hg. There was no subjective
laparotomy was undertaken (Mr. H. T. Simmons). The liver sensation. A slightly more intense flush developed after the
was found to be full of secondary deposits, some solid and same dose of alcohol given intravenously. During an attack
others cystic, but no primary tumour could be found. With the conjunctivae became suffused, and patches of erythema
the ind_ction of an_ssthesia, the patient became flushed and appeared over the chest, arms, and abdomen ; patches of
respiration, which was being artificially assisted, offered cyanosis appeared with the erythematous areas, and areag
considerably increased resistance, suggesting the presence of which had previously been pale became flushed as the attack
bronchospasm, although there was no evidence of this on subsided {fig. "1).
auscultation. The blood-pressure rapidly became unrecordable A clinical diagnosis of malignant carcinoid was made, and
and the extremities eyanosed. When the abdomen was ,was supported by the finding of increased excretion of
opened the aorta was found to be pulsating poorly and could 5-_.I.A.A. in the urine.

be easily compressed. The abdominal contents were not Operation

cyanosed. The patient regained consciousness after operation Mr. Simmons performed a laparotomy in the hope of being
but the blood-pressure remained low, and after a few hours she able to resect the bulk of tumour tissue. The liver containedlapsed into a deep coma, and became pnlseless, cyanosed, and
apnceic. Artificial respiration was carried out for several numerous large, white secondary deposits. A mass of glands
hours but she died 24 hours after operation, was present along the lesser-curve of the stomach, and a small,

white, submucous primary tumour 1-5 cm. in diameter was
Post.mortem Findir_s found on the anterior wall of th(_ stomach. Since the glands

At necropsy (Prof. A. C. P. Campbell), a smooth, grey accounted for only a small proportion of the tumour mass, it,
primary tumour 1 ore. in diameter was found in a Meckel's was not thought worth while attempting to resect them, but,
diverticulum. "The liver was enlarged (4 kg.) s_ad full of the primary tumour, one gland, and a secondary deposit irL

•secondary deposits, some pale grey and nodular, others cystic the liver were removed for histological examination. An
and containing bloodstained fluid. The only other secondary incidental finding, which was thought to explain the attacks
deposits were in two lymph-nodes in the mesentery and lesser of nausea and vomiting, was the presence of a_ active duodenal
omentum, and two small emboli of tumour cells in pulmonary ulcer.
arterioles. The patient made an uneventful recovery and was sent homo

Histologically all tumour.tissue was of a typical carcinoid on a dietary rdgime. The flushing was at first unaffected by the
structure. No mitoses were seen. The Masson-Fontana silver operation, but when the patient was reviewed 4 months later,
method showed brown argentaffm granules in the cytoplasm, he stated that his flushings were less frequent and less severe,
especially in the cells at the peripheries of the masses. These and two observers noted that the liver was softer and only
granules also gave a positive reaction with the alkaline-diazo extended two finger-breadths below the costal margin.

method (Pearse 1953). These reactions in the tumour cells Histological Findings
were identical with those given by argenta ff_n cells in control
sections of normal duodenum and appendix, thus confirming Examination of the tumour and secondary deposits (Pro-

fessor Campbell) showed solid alveolar masses of small epi-
the tumour as an argentaffinoma, thelial cells with small round nuclei and pale eosinophilic

No pulmonary stenosis was present, but the posterior cusp cytoplasm deeply invading the muscle-coat of the stomach.
of the pulmonary-valve was slightly puckered by irregular The appearance was that of a carcinoid tumour, but there was
fibrous thickening, and there was a smooth plaque of thickened more variation in the nuclear size and more tubular formation
intima in the p_dmonary artery just above the anterior than is usual. _o granules were demonstrated in the cells by
commissure, using either the Masson-Fontana silver, or the alkaline-

PATIENT 3 diazo methods.

A man aged 43 had had attacks of flushing for 20 years.
These tended to be brought on by heavy meals, or even Pharrnacological and Biochemical Investigation_

occasionally by a drink of water, and by emotion. They were In 1953 Lembeck found a high content of 5-H.T. LII
always brought on by taking alcohol in any form. Neither the carcinoid tumour tissue, and Thorson et al. (1954)
character nor the intensity of the flushing had changed over suggested that this substance might be responsible for
20 years. 2 years before admission he began to suffer from the syndrome. Up to the present, however, the onlyepisodes of nausea and vbmitlng, lasting 2 or 3 weeks, and
occurring about every 3 months. Examination a year before observations on this point have been limited to isolated
admission had revealed a hard nodular liver extending a serum 5-H.T. estimations on two patients exhibiting this
hand-breadth below the costal margin, suggesting the syndrome (Pernow and Waldenstrom 1954), and esti-
presence of secondary deposits. A barium meal showed no mates of 5-H.I.A.A. (a urinary excretion product of
abnormality, and at no time had there been any diarrhoea. 5-H.T.) in three patients with malignant carcinoid, only
Investigation_ one of whom was known to flush (Page et al. 1955). The

On admission the patient looked well. Weight loss over the evidence that 5-H.T. is responsible for the symptoms is
preceding 3 years was only 10 lb. Apart from the enlarged therefore based on meagre evidence.
liver, which had not changed since the year before, there was
no physical abnormality. All investigations, including full 5-ttydroxySryptamine

blood-count, liver-function tests, cholecystography, and In healtl_ virtually all circulating 5-hydroxytryptamine
barium meal, were normal. It was found that flushing regu. is contained in the platelets but less than half is found in
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the serum after the blood has clotted (Hardisty and T_SLZ ZXmS-_YVROxYL_DOLe-Ac_rxc-Acm
8tacey 1955a). When 5-H,T. iS present in abnormal , .-
amounts this proportion may be different and serum -- [Case 1 C_e 2 t s

i ICase Normal

estimates are not, therefore, a satisfactory index of whole- . No. of observationl 7 . 23 [ 10 t 40blood 5-H.T. values. More reliable information can be ""

obtained by estimates on platelet-rich and platelet-poor _._.L,.,. _. per n_. .. 173-s9_ 05-2020 [ 6.8-44 1.1 -5.1plasma; this will also show whether or not the 5-H.T. _ , (S-7 +O-S)

free in theplasma is at its normal low value. ,-e.x.,.,. n_. per g. eTea- 9,-900 1,8-1230 / 22-46 [ 1"0-6"6(s.e ±1.S)
Acetone extracts of tissue, plasma, serum, urine, and

oerebrospinal fluid were assayed on the atropinlsed rat uterus
_ga_st a standard solution of 5-hydroxytryptamine ereatinlne. _1'u_our _mG.MA high _toncentration of 5-H.T. (shout a
sulphate by the method described by Hardisty and Staeey qtmzt_ of Lembeck's figure) was found in the secondary
(19_d_b), and the 5-H.T. concentration in whole blood calculated deposits removed at biopsy from patient 2 ; the primary
as described by them. This method of extraction and _y tumour was too _ll to permit assay as well as histological
prevents interference by certain other smooth-muscle-con- examinmtion. The amount found in the primary growth I in
tracting substances. Further evidence as to the nature of the patient 3 was much _rnsdler, and the secondary deposit
active substances present was obtMned by the use of lysergic contmned even le_. In both specimens from this case some
acid diethylamide (L.S.D.) which in concentrations of 50 p.g. of the activity was not due to 5-H.T.
per ml. is a specific antagonist on the rat uterus to tryptamine Uerdnzwp/na/ flu/d.---Only one estimate was made, and

this was on tiuld obt_md from l_tie_t 2 at necropsy. The
T_L_ I--5-_YD_OXYT_tY_r_.wa_E fluid w_ heavily infected whe_ extracted 9 days after death,

(Results e_ _ressed as 5-_.T. baec) mad it is likely that eomfidea'able lore ha_ occurred. However,
. large ammmts of 5-_.T. were found.

-- csee I Case 2 Case 3 Normal 5-Hydro_indole.aeetic.acid

_.) (_g. per 0.4 0-8-_.65 0.18-0.221 0.07 ±0.02 As an alternative to the technically difficult serotonin
(_ sub, sets) assay, it has been suggested that estimation of 5-H.I.A.a.

od (tzg. per 0.5 1.15 0.45 0-10_0.06 (a known urina_r excretion product of 5-H.T.) might be
_1.) (35 sub, sets) a more convenient means o/ detecting excessive 5-H.T.
stelet-poor 0.05 0.3 0-16 Less than 0.0_ secretion (Lam_ 1954, Page et al. 195_.
_.)ma (_g. per ] (35_ubJects) Urimu 7 5-H.I_.A. was estimated according to the

method of Uden_riend et al. (1954). The range of values
telvts (_g. per 0-22 0.3_ 0,08 0-06 _-0.02
0') (35 subjects) obtained for 5-H.I.A.A. in the three cM_e_, expreM_ both

_e (_. perml.) 0.65 0._-20 11-12 Trace o_Ir in _g. per ml. and rag. per g. of cre_tinine are shown intable r_.

]r.-(_.perml.) .. [ 0.5 .. Lessth_n0.006(5subjects) _ three patients had abnormally high 5-tt.LA._.
excretion, the output corresponding with the clinical

z_u- (_. per .... 0.S_ .. sev&rity of the _ and the blood 5-H.T. levels. The.) primary o

5-H.L_.a. levels are similar to those found by Page et al.
ond_wy .... 58o 0.08 .. (1955). The concentration reached Z g. per _itre in patient200

(necrops_ 2 on one occasion. In patient 3, in whom there was little
.__ day to day change in symptoms, there was only slight

variation in output of 5-H.LA.A., whereas in patients 1
and _ts derivatives (Gaddum 1953). This method would not and 2, both of whom had periodic exacerbations, the
differentiate between 5-H.T. and its _-methyl derivatives found excretion fluctuated widely. Variation in the output in
in normal h-m_n urine by Bumpus and Page (1955). 5-_.La.Z., patient 2 of 5-H.I.A.a. is shown in fig. 2 ; a severe attackexcreted in large amounts by our patients, does not c_use
contraction of the rat uterus and 5-hydroxytryptophaue, was immediately followed by a considerable increase in

• probably the immediate precursor of 5-S.T., ha_ only about 5-H,I.Z.A. excretion. A small rise in 5-H.L_._. excretion
10-_ the 'activity of_5-H.T. Errors due to the presence of theec oonld also be detected in patient 3 after an alcolio].
substances me, therefore, ruled out. induced flush (table Ill).

,ks table _ shows, the active substance in all these
extracts was completely antagonised by L.S.D., with the
exception of that from the plasma and tumour tissue of
patient 3. mv_.t_m

_qerum, b/ood, p/asma, and p/atdets._Only one estimation tof the 5-H.T. ill blood, p]_-_ma, and platelets w_ done in each
case, those _n patient 1 being obta_ed when he was moribund.
One estimation on the serum was •done on patient l, three on |_
patient 2, and four on patient 3. In all three patients, e_l
fractions of blood 5-H.T. were raised, except the platslets in
patient 3. The changes were greatest in I_tient 2, in whom the ,4_
_y_Ltptoms were most severe, and least m patient S, in whom
they were trivial. In patient 2 the 5-H.T. concentration in
the serum in a random specimen was 0.8 _tg. per mi., but
towards the end ot_ an episode of collapse it had risen to

1.65 ttg. per mI. In patient 3, however, no significant changeoccurred in the serum 5-H._. when a flush was provoked by
_leohol (ta.ble III). Although these levels are considerably _
raised, they are much lower than the 12-15 _g. per mL
(5.2--6,5 _tg. per ml. expressed as base) of 5-H.T. in serum
reported by Pernow and Wal_nstrom (1954).

Ur/ne =--All three patients had considerable _mounts of l
5-H.T. in the urine _pecia_ly patient 3 whose estlm_te_
before, and 2 months after, operation did not differ sim_ifl- $ |9 |$ 20 25 4_
cantly. The substance estimated was completely antago_i,_ed
by L.S.D., although that found in the pica and tumour D£_J
tmme of the same patient was not. _ _.-_ _-t4JJk_. _ (lmthmS Z).



Ghromatogr_hy
Chromatography was used to confirm and _ the

quahtitative estimates of 5-roT. and 5-H.t.A.A.
Ascending chromatograms were run for 12 hours at roomo

temperature. Two solvents were used : (1) n-bursa01 acetic- "
_cid-water (4 : 1 : 5) for 5-H,I.A.A. and indole conjugate s and
(m_)en-butanol-ethanol-2 l_.ammonia (4 : 1 : 4) for 5,_t.T,

thylatcd derivatives. After drying, the papers were _
sprayed with Ehrlich's solution (2% dimethyl-amino-be_al- _i
dehyde in 5_o HC1), and heated to 50°C for 10-15 minutes to _!_i_'
make them more sensitive than papers allowed to stand at _i _
room-temperature after, spray_g. Semi-quantitative estima-
tions could be made by comparison of the intensity and area
of spots with those caused by known amounts of the two
substances (accuracy ± 30O/o).

Tumour.--Chromatograms in the second patient
(fig. 4) indicated the presence of 0.4 rag. of 5-H.T. per g.
of tumour tissue, which compares well with the pharma.
eologieal estimate of 0"58Lmg. per g. No 5-H,I.A.A. cmfld
be found in the biopsy specimen, _here was approximately
0.25 rag. per g. in the necropsy specimen, eorr_ponding A B C 5-H.LA.A.D £ F G'' J
to a fall in 5-n.T. concentration from 0.58 rag. per g. ml. a--ch_m, of paris..' uri.® comparad _
before death to 0.20 mg. per g. after death (table I). No to.trois.
indole compounds could be demonstrated in concentrated A, i_atient 3. B, Patient 2 (after collapse). (3, Patk_at. L
tumour extracts from patient 3. D-G, lqormal controls. Marker 5-HJ.A:_. (5 g2 0"01 M).

Urine._5-tt.T. was present in the urine of patients 1 (Solvent butanol acetic acid 40 ill. urine in each case.)
and 3, the latter containing approximately 15 _g. per
ml., which corresponds to the pharmacological estimate, were taken by the method of Code (1937) and assayed
5-mI.A.A. was present in the urine of all three patients on isolated atropinised guiueapig ileum. No increase of
{fig. 3) together with from 1 to 4 other indole spots, the histanline was found in any of the specimens.

Effects of Treatment
TABLEIII--II_CREASED5-H.I.A.A. EXCI_ETIO_AFTERIrLUSHI_TG In view of the possible r61e of 5-H.T. in the pathogenesis

(Patient 3) Of the syndrome, the effects of various serotonin antagon-
ists were tried.

After alcohol
(100 ml.) Ergotamine tartrate.--Two doses of 0.25 and 0.5 mg.

-- t_efore were given intravenously to the first patient, but without

alcohol J

30 ] 100 lS0 effect on the flush. The second patient received 0.25 rag.
rain. I rain. mtn. subcutaneously on two occasions before a meal, but the

5-H.I.A.A. mg. per g. ercatiniae 24 27 40 ] 30 30 flush was not prevented.
Lysergic acid diethylamide.--This was given to the

Serum 5-H.T. Ud_.per ml ..... I 0-21 0'22 i 0-1S .. first patient on two successive days, in doses of 5 and
10 _tg. This dosage caused an unpleasant throbbing noise

most intense of which was identified as 5-nn._._. sulphate in the head for several days, which precluded further
ester, increase in dosage ; no effect was noted on the flushing

or diarrhcea.
These spots had a low RF in butanol acetic acid and did not give

a strong colour reaction with diazotised sul!ahanilie acid, suggesting ' _ol 14_.'--Whis is a brominated derivative of L.S.D.

that they were 5-hydroxy indoles conjugated at the 5 position. (2 brom. D-lysergie acid diethylamide bitartrate), and isThe major unknown indole, isolated by a method to be published
elsewhere, had an I_F of 0-27 in butanol acetic acid and 0'20 in said by the makers to be about as potent as L.S.D. as an

butanol-ethanol-ammonia. The ultraviolet absorption spectrum antagonist to 5-H.T., but without psychic side-effects,in N/5 NaOH was very similar to that of 5-H.I.A.A. On treatment
with a limpet sulphatase preparation (Dodgson and Spencer 1953) It was given to the second patient in a dose of 0.5 rag.

it was broken dow-ato 5-H.LA.A.,which was identified by chromate- daffy working up to 7.5 mg. daffy over a period _f threegraphy in both the above solvents, and by colour reactions with
Ehrlich and Pauli reagents. This indole thus appeared to be weeks. There was no reduction in the number of flushe_,
5-H.I.'A.A. sulphate ester. O_X paper eleetrophoresis (3hr.,
200 V, 0.05 mA, ptI 7.5, barbitonc buffer) it moved
towards the anode about twice as fast as 5-H.LA.A. This
is reasonable for the auion of a 5"H.I.A.A. derivative
having two negative charges. Urines of rats given 10 rag. $-H.I.A.A.
5-H.T. intraperitoncally or 10 rag. 5-H.I.A.A. by mouth
contained au indole with idc_tical chromatographic and
electrophoretic properties. 5- H.T.

Hitherto, the only conjugated 5-hydroxy indole
found to occur naturally is bufothionine (dehydro
bufotenine sulphate ester) in the skin of some X
amphibia (Erspamer and Vialli 1952, Jansen 1935,
Wieland and Vocke 1930). X_
Histamine

Pernow and _Valdenstrom (1954) have N-Me.5-H.T.
reported " large amounts of histamine " in the
urine of a patient with carcinomatosis from an
unknown primary, who had attacks of flushing, su_o
and Feldberg_ and Smith (1953) have shown that
5-H.T. is a histamine liberator. We therefore Fig. 4--Chromatogram of tumour extracts (patient 2) obtained post mortem,showing presence of $-H.T, and 5-H.I.A.A. and absence of n-methyl |-H.'r.
studied the histamine (_,on_ellt of blood and andbufotenina.

urine in our cases. Assays were kindly done for X. 100 FI. acid acetone extract of tumour (2 g. in 20 m].)
us by Mr. C. R. Beresford and Mr. P. Sheard of X_. Acid ether extract of X.
Bengers Ltd. Specimens of blood from all cases (Solvent butanol-ethanol-ammonia. Standard spots 5 tel. 0.005 1_
during flushing; and urine from patients 1 and 3 solution.)
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but the patient thought that they were less severe. During The mental state of our patients was normal, despite
treatment one severe attack occurred, which was indis, the suggested r51e of 5-H.T. in mental processes (Woolley
tinguishable from the previous ones. The daffy _xcretion and Shaw 1954).

of 5-H.I.A..A. WaS unaltered (fig. 2). Patient 3 was given Patb_l_esis of the Syndrome
0"5 rag. of Bol 148 every 2 hours for four doses, after There can be little doubt that some malignant carein-
which 10 ml. of 10_/o alcohol was given, causing a flush _ids secrete 5-H.T., and it is xeasonable to consider how
which was as intense and prolonged as previously, far the symptoms found in our patients may be explained

Anti-histamines were tried empirically. The first patient by the presence of large pmounts of this substance in
was given an intravenous injection of 50 rag. of Ipepy- their .blood. In comparl'ng the symptoms with the
zamine, followed by 50 mg. intramuscularly 6-hourly for reported pharmacological actions of 5-H.T., certain points
6 days, without effect on the symptoms. The second should be borne in mind.
patient was given 50 mg. of promethazine intramuscu- The 5-H.T. in the blood comprises two fractions ; that
laxly during each of the first three major attacks in bound in the platelets and that free in the plasma. The
hospital, but without improvement. 100 mg. of mepy- latter fraction is very small in health as platelets absorb
_amine orally three times daily for a week was also 5-H.T. with avidity (Hardisty and Stacey 1955a)and free
ineffective. The third patient was given 100 mg. of 5-H.T. is removed by the tissues (Erspamer 1954, Gaddum
mepyramine by mouth hourly for 3 hours, followed by et al. 1953). The presence of large amounts free in the
10 ml. of 10_/o alcohol, which failed to cause the usual plasma as in patient 2 suggests that the eliminating
flush, but a further 30 ml. of 10% alcohol caused an intense mechanism was overloaded. It might be expected that
flush, beginning after 51/I minutes (ll/I minutes later free _-H.T. would be more liable to cause symptoms than
than usual). He also took three doses of 100 rag. of that bound in the platelets, and it would have been
mepyramine during one day a week after his discharge interesting to follow the changes in this fraction during a
from hospital, but he reported that this made no differ- flush, had it been possible. Experience with isolated
ence to his flushing, orga;ls and with intravenous injections in animals has

We concluded that the 5-H.T. antagonists and anti- shown that tolerance is rapidly developed (Gaddum and
histamines given in these doses were without benefit. Hamecd 1954, Ginzel and Kottegoda 1954), and a

S_rgery.--Thorson et al. (1954) were able to remove patient who has had a high blood concehtration of 5-H.T.
a large bulk of tumour tissue from one of their patients for months or years may have very different signs and
with subsequent relief of symptoms, presumably by symptoms from a patient whose disease is of recent
removing a source of 5-H.T. In neither of our two patients onset.
who came to laparotomy was a large-scale resection The effects of 5-H.T. in man have recently been studied
possible. Resection of the primary tumour in patient 3 was (Spies and Stone 1952, Page and McCubbin 1953, Page
not followed by any immediate change in the flushing, et ale 1955). Instantaneous intravenous injections of
but the liver hecame smaller. 1.8 mg., or intravenous infusions of 5 rag. over 5 minutes,

or 31 mg. over 60 minutes, caused unpleasant symptoms
Discussion such as nausea, sensations of gasping for breath, tightness

Clinical Aspects across the chest, desire to defecate or micturate, and
A notable feature of the cases collected by Thorson sometimes blushing and tingling. These symptoms mimic

et al. (1954) was the variations in the duration of syrup- to a minor degree those experienced by our patient 2
toms, ranging from a few months to 19 years, and Fraser during an episode of circulatory collapse. The character-
(1955) has described a patient in whom symptoms begun istic flushing has not, however, been recorded after
36 years before death. A similar variation was present in experimental injections.
our patients, one of whom died 9 months after the onset, Although 5-H.T. is a vasoconstrictor, its actions on the
and another is still alive despite having symptoms for circulation are complex: in animal experiments hyper-
20 years. Some of these neoplasms are highly malignant tensive, hypotensive, or mixed responses are seen: Page
and others are very slow growing, but in all cases of the et al. (1955) found only a small rise in mean arterial
syndrome so far described hepatic secondaries have been pressure (11-18 ram. Hg) in two normal human subjects
present. In our third patient, the small primary tumour in whom 5-H.T. was infused at a rate sufficient to cause
contained very little active material, and the absence unpleasant symptoms. The slight rise in blood-pressure
of any immediate change in the flushing after its removal during flushing in patients 1 and 3 and the episodes of
suggests that the secondary deposits were mainly respon- circulatory collapse in patient 2 are not, therefore, incon-
sible for the symptoms. This poses the question whether sistent with the known actions of 5-H.T. The circulatory
or not metastases had been present for the whole 20 years effects of 5-H.T. are not easily antagonised (Spies and
during which flushing had occurred. Stone 1952, Woolley and Shaw 1955) and the failure

A second feature of our cases was the wide variation in of er.g.otamine tartrate, L.S.D., and Bol 148 is not
the severity of the symptoms, ranging from simple surprmmg.
flughing in patient 3 to complete collapse in patient 2. An unidentified active substance was found in the
So far a_ we are aware, no such attacks as those occurring tumour tissue of patient 3, and, as there were differences
in the latter patient have previously been described in between some clinical features of the syndrome and the
this syndrome, and the circulatory dynamics are not effects of 5-H.T. giyen experiment_Uy, it seemed possible
tmderstood. Only patient 3 showed the geographical that some substance other than 5-H.T. might be partly
flushing described by, Thorson and his colleagues, and responsible for symptoms. It is known that 5-hydroxy-
even in this ease patQhes of cyanosis as well as erythema tryptophane is a precursor of 5-H.T. (Udenfriend et al.
were seldom seen. In the first patient, flushing was never 1953, Clark et al. 1954) and that very small amounts of
l_tchy and apparently resembled that of the patient methylated serotonius are excreted in normal human
described by Branwood and Bain (1954). The patchy urine (Bumpus and Page 1955). Chromatograms of
flzmhing, pallor, and cyanosis stressed by Thors0n does tumour extracts and urine from our cases, however, did
not, therefore, appear to be constant, not reveal any of these substances.

Although the provocation of flushing by meals was In summary, large amounts of 5-H.T. were present in
mentioned by Thorson and his colleagues, extreme these three patients and there was a general relatiolaship
genaitivity to alcohol, as shown by patients 1 and 3, has between the severity of the symptoms and the amount of
not previously been described, and the mechanism is 5-H.T. in the blood. We cannot at present exclude the
_mtrnown. Acetic acid waswithout effect. Higher alcohols presence of an active substance apart from 5-H.T. in

not given, these cases.
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_Nmom's.---In thi_ _rtiele by. Dr. P. J. D. 8now and hi_ col-
lea6m_ (Nov, 13, p_ 1004) the third and fourth sentenoes of
tim seeami paragraph und_ _ Chrosm_togr_p]ky " (p. 1007)
should resd:

"AJ_ter_, the _ w_e _Pl_Ved with Ehrlieh's _olution
(_ df_ethyl*_z_o,b_hyde _n 5% HCf), and hemb_d to
_O'C_o_" lOIS mlnu.tes. Tlw a¥ots ob4_lned in th_ way weee usua/ly

lnten_ _ thoae oommea when the p_pe_ w_ allowed to
eta,_] at room-r_mperaturs, f_a_f-qmmtitsttve eetlmat_o,,- . . ."

AI_ under (_romatography, line 10 of the third paragraph
of the section on urine should begin : " 200 V, 0-0_ M plt 7.5_
barbitone buffer)..."


