
LSD 385

J.Neurosurg. ].4, 22 (1957).

ACETYLCHOLINE AND SER()T()NIN IN
THE SPINAL FLI'I1)*

ERNEST SACHS, JR., M.D.
HitchcockClbfic,atutDartmouthMedicalSchool,Hanover,Ne,cllampshire

(Received for publication May I l, 1956)

tns paper rel)orts quantitative analyses of acetylcholine and serotonin
in the spinal fluid of patients with head injuries, brain tumors, and
other neurological disorders. It also reports the related findings in dogs

subjected to experimental concussion of the brain.
Acetylcholine occurs in the spinal fluid of animals after exl)erimental

head injury. This, Bornstein _ postulated, is released from the mechanically
damaged brain cells, a supposition in keeping with Lorente de NS's s work
showing that acetylcholine is released from l)eripheral autonomic ganglia
|)y mechanical damage only. Either because of excessive production of
acetylcholine or impaired destruction, the acetylcholine, which never nor-
really appears in the spinal fluid, occurs in significant amounts after trauma.

In 1950 Ward u proposed the use of huge closes of atropine in the treat-
ment of closed head injuries to combat this release of acelylcholine. Since
1951 we have been using Ward's regimen in the treatment of selected severe
head injuries. We feel that it may have helpc(I some patients recover who
otherwise might not have done so. A control series of patients treated with-
out atropine is being run. We hope with a larger number of cases to ascer-
tain whether there is a significant difference in the results. Recently Jenkner
"and Lechner, 7 reporting on 309 patients with severe head injuries, found
that 249 of them, treated with anticholinergic drugs, got well quicker and
had fewer complications. They also noted that the electroencel)halograms
in this group returned to normal faster than those in the group not receiving
anticholinergic therapy.

It I)ecame evident from the first that a (luantitative study of the amount
of acetylcholine in the spinal fluid of these l)aticnts wouhi be of value in
or(icr to determine the effectiveness of anticholinergic theral)y. Rugc l° has
studied this in animals. The technique of acetylcholine determination is a
tedious one, utilizing one of various methods of t)iological assay. The most
sensitive technique makes use of the heart of l'el_gs mercemtria, the common
clam. This method was introduced by Welsh l'-'and is very SlX-Cific, but an3-
significant amount of blood in the spinal fl,id will immc(liately destroy the

* Prep.ted at the meeting of the llarvey Cu.shing S(_'iety, |h.mlulu, l[awaii, April 17, 1956.
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aeetylcholine because of the cholinesterase in the red cells. Tlterefore, in
studying patients with head injuries the traumatic subarachnoid hemor-
rhage so fi'cquently present invalidates determinations of spinal fluid aeetyl-
eholine, but not of serotonin. Likewise, hecause of the notorious dangers of
doing lumbar Inntcture in the presence of increased intracranial pressttre,
in many cases we did not take spinal fluid specimens from patients in the
acute phase following injury.

Much interest has been manifested recently in the neurohormone,
scrotonin, chemicall,v identifietl as 5-hydroxytryptamine. 9 This substance
is identical with enteramine, isolated fi'om the intestinal mueosa. 5 Ilematol-
ogists have been interestetl in serotonin because of its rich occurrence in
platelets and its vasoconstrictor effect. However, the discovery of serotonin
in the brain _ is an important landmark in neurology and psychiatry. The

TABLE 1

Neurochemical effects on the refularl!! contractin 9 heart of the clam

Substance With Sea Water With LSI) With Mytohm

I Contraction _ Contraction Normal eontractiou
Aeetylcholine

.L Rate _ Rate Normal rate

T Contraction Normal contraction TContraction
Ser.,tonin

TRate Normalrate TRate

I Contraction _ {'.ntraction _.Contraction
"X" Substance

"fRate "fRate T Rate

hypothesis that serotonin has a role in brain function is supported by the
fact that lysergic acid diethyhunitlc (known as LSD), a powerful psychoto-
genic and hallucinogenic drug, is the most powerful imitator of serotonin
in vitro. In addition, reserpine, so widely used in psychiatric anti other pa-
tients nowadays, has been shown to mobilize the body stores of serotonin
and increase its excretion. The following observations, therefore, on sero-
tonin in the spinal fluid (if lmtieuts with various neurological conditions
are of considerable interest.

Quantitative analysis of the spinal fluitl of 70 neurological l)atients has
I)een carried out. The group included '28 l)atients with head injuries and l(i
with brain tumors. Other disease states sampled were epilepsy, electric
shock, meningitis, multil)le sclerosis, ruptured cerebral aneurysnt, gmlshot
wottnds of the brain, and a scattering of other conditions. Both acetylcholinc
anti serotonin can be assayed biologically, using the clam heart technique,
because of their opposite inotrol)ic and ehronotropie effeels, ht addition,
the specific bh_eking at'tion of 1,SI) aud benzoquinone (eon_mereially known
as Mytolon) was used to identify aectylcholine and serotonin (Table l).
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FINDLNGS

Acetylt.holit_e. Aeetyleholine was encountered in significant amounts in
16 of the _8 cases of head injury studied, at varying times following the
injury (Fig. 1). It was never present in more tlum l or _2#g. per cent; how-
ever, the sensitivity of the method was sufficient to make the results definite.
The acetylcholine was present during the first few days following severe head
injury and disappeared as the patient recovered or reached a stable neurolog-
ical level, whether this represented complete neurologic recovery or not.
.Massive doses of atropine (2 to 6 mg.) were used in a number of patients;

in a few of these, subjected to serial lumbar punctures before and after
atropine, distinct reduction of the acetyleholine could be demonstrated.

FIO. 1. Cerebrospinal fluid from patient with head injury, showing presence of acetylcholine:
slowing heart and decreasing contractions.

As a rule this seemed to coincide with clinical improvement of the patient,
but this was not always the case. In brief, this quantitative study tends to
support the empirical assumption of Ward that release of aeetyleholine,
medication with atropine, and the patient's clinical course may be related.

Serotonin. In 6 of the _8 cases of head injuries, 5 of the 16 cases of brain
tumors, and a single case of traumatic paraplegia, serotonin was found in
the spinal fluid (Fig. _). In 4 of the 6 cases of head injuries in which serotonin

was recovered from the spinal fluid, it was associated with aeetylcholine in
the same specimens. These were separated by virtue of the selective block-

ing action of Mytolon and LSD. The serotonin in the spinal fluid was not
associated with sufficient amounts of blood to account for its presence.

In 5 of the 16 cases of brain tumor, serotonin was demonstrated in the
spinal fluid; in _ cases it was associated with acetylcholine. In all of the cases

of brain tumor, the assays were done postoperatively and the findings may
simply represent another form of head injury, namely, the trauma of sur-

gery. Serotonin was also found in the 1 case of traumatic paraplegia, and in
1 case in which no precise neurological diagnosis could be made.

In 8 cases, namely, 5 brain injuries, _ brain tumors and 1 meningitis,
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FIo. 2. Cerebrospinal fluid from patient with head injury, showing pre_nee of serotontn:
spt_liug heart and increasing contractions.

an unidentified suhstance was encountered in the spinal fluid. Like sero-
tonin, it cattsed augmentation of the heart rate of the clam; however, unlike
serotonin, it could not be blocked by LSD, and caused diminution of the
contracting heart, in which respect it resembled acetylcholine. This sub-
stance has not yet been identified, but we hope to do so in the next phase of
our study (Fig. 3).

.lnimal Experimelfls. Fourteen dogs and many rats have been sul)nfitte(t
to varying degrees of quantitatively controlled concussion. Analysis 'of the
cisternal spinal fluid of the dogs has been done by the above method.
Morphine analgesia has been used because of the preservation of conscious-
hess, as suggested I)y (;urdjian and Webster. 6 An air concussion gun has

Flo. S. ('crebrospinal tluid from Imticni after .pcrati.n for brain tumor, showing presen('e of
"X" substatwe: speeding heart and deen,asing contractions.
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been utilized for these experiments. Blows of variable known energies and
velocities can be obtained with this instrument. The blood pressure, pulse
and respiratory rates, corneal reflex, and level of consciousness have been
closely followed and correlated with determinations of spinal fluid acetyl-
choline. Blows varying from _80- to 460-inch pounds of energy have been
used so far. At the lower energies, minimum concussion was observed and
no aeetyleholine was found in the spinal fluid. At the higher levels of energy,
severe head injuries were incurred and the majority of the animals died. In
this group acetylcholine appeared in the spinal fluid as early as 10 minutes
after trauma and lasted for as long as 10 days if the animal survived. Sero-
tonin was found in 1 animal 3 weeks after trauma. The unidentified sub-

stance has not been found in any of the animals' spinal fluids analyzed so
far.

DISCUSSION"

The work of Bornstein and of Ward has been corroborated by quantita-
tive acetylcholine determinations on the cerebrospinal fluid of patients with
head injuries and brain tumors as well as dogs subjected to experimental
concussion. The new finding of serotonin in the spinal fluid of these patients
poses more questions than it answers. Brown and his co-workers 4have shown
that the eerebrovascular and cardiovascular effects of concussion and elec-
troshock therapy are almost identical. The fact that LSD inhibits serotonin
and produces psychoses suggests that serotonin may play a rSle in mental
function, aOne might postulate that since shock therapy helps some patients
recover from psychoses, and since concussion and shock therapy are so
similar, perhaps concussion has an anti-LSD-like effect on serotonin metab-
olism. This hypothesis is being tested in the laboratory by direct tissue
analysis of the brain for acetyleholine and serotonin in biopsies taken from
concussed rats and dogs.

SUMMARY

1. Spinal fluid acetylcholine and serotonin determinations have been
done on a series of 70* patients suffering from head injuries and brain tumors
and a variety of other neurologic disorders.

_. Both aeetylcholine and serotonin, as well as another unidentified sub-
stance, have been found in a large percentage of these cases. Serotonin has
not been reported previously in the spinal fluid of man.

3. Comparable studies on experimentally concussed animals have also
been reported.

I wish to thank Prof. J. H. Welsh of Harvard University for his encouraging
and helpful advice, and Miss Elizabeth Ward, who did the laboratory determina-
tions.

REFERENCES

I. Aui_,A. H., CUAWFOUV,T. B. B., and GADDUM, J.H. Thedistributionof substanceP and5-
hydroxytryptamine in the central nervous system of the dog. J. Physiol., 1954,, 1_6: 596-618.

* Sittce presentation of this paper, the series of patients has been enlarged to 140.



ACETYLCHOI,INE AND ,':,EROTONIN IN THE SPINAL FI,['II) 57

_. Boit.','STEt.X,M.B. Pre.,_mcc and action of a('cl,vleholine in experimental brain trauma..I. Near_,-
l_hysio[.. 194.6, !_: ._49 366.

3. BI{OI)IE i B. B., PLETSCIIEII, ?t., l|lid ._IlOIIE, P.A. Evidci,ee that serotonin has a role in brain rum'-

lion. Sciem.e, 1955, 12_: 968.

4. Bttow._, G. W., Bttow._, M. L., and |h_r:s, I1. M. Changes in bloom flow, arterial pressure and car-
diac rate assm'iated with experiillelttal t'otl{'ussit;n and electroconvulsive shriek. |l'right Air Derelttl,-
ment ('enter, Ot.1. 195"/,T.R. 52: _65.

•5. ERtSP&MER, V., and AsEito, 11. Identification of enteramine, the specific hormone of the enlero-
ehromaffln eell system, as 5-hydroxytryptamine. Nature. lcmd., 195_, 169:800 891.

6. (;t'm>jlXN, E. S., and WEBSTER,.1. E. Exl_,rin,ental and clinical studies on the mechanisn, of head
injury. Res. Pid_l. Ass. nero,,ment. Dis., 1945, 2It: 48-97.

7. JENKNEIt, F. L.. alia I.Eg'H.'q_,_, 11. Antich,,linergic therapy in closed cranioeen-bral traunm. Int.
Abslr. Surg., 1956, 102: 13"_.

8. I,Oltl_N'TEDEN6, R. Liberation of acctyleholine hy lhe superior c_rvical symlmthetie ganglion and
the nodosum ganglion of the vagus. Amer. J. Physiol., 1938, I_1 : 331-349.

9. RAPPORT, _l. M. _rum vas{_'onstrictor (_rotonin). V. The presence of ereatinine in the complex.
A proposed structure of the vas¢_onstrietor prineiple. J. biol. Chem., 1949, 180:961 969.

10. Rl'o_:, D. The use of cholinergie bl_.king agents in the treatment of cranio-eerebral injuries. J.
Neurosurg., 1954, I1:77 83.

11. WAr{x>,A., Jtt. Atropine in the treatment of dosed head injury. J. Neurosur9., 1950, 7: 398-40_.
1"_.W_Lsn, .I. II. Aeetyleholine level of rat {+rebral cortex under conditions of anoxia and hyl_o-

gly{'epfia. J. Neuro!,h.ttsit_l.,194,3,6: 3"/9-336.


