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STUDIES IN EPILEPSY.*

By F. L. MCLAUGHLIN, M.D., B.Ch.N.U.I.,

Assistant Medical Officer, Colney Hatch Mental Hospital.

HIPPOCRATES was the first to regard epilepsy, not as a â€œ¿�sacreddisease
but as a disorder due to natural causes. He believed that a causal relationship

existedbetweenhumidityof the brainand the epilepticcrisisâ€”ahypothesis
thatin recentyearshas assumed prominencefollowingthe work of Temple
Fay (27) and McQuarrie (28). According to Fay an abnormal increase in
intracranial pressure is brought about by the accumulation of fluid over the
cortex,due toimpairmentoffunctionofthePacchionianbodies.

The majority of recent workers have, however, concerned themselves
directlyor indirectlywith the roleplayedby cerebralvasculardisturbances.
An extensive review of the literature is given by Lennox and Cobb (29), who
suggestthat the most probableexplanationof the convulsioniscerebral
arterialspasm,causingdecreasedcapillaryblood-flow.Thiswould produce,
firstly,deficiencyinoxygen supply,withconsequentalkalosisofthebrain,and
secondly, cedema resulting from the increased passage of fluid outwards through

the capillary walls.
The present investigation is concerned with both clinical and biochemical

aspectsof thesubject,and isaccordinglydividedintotwo parts. In Part I
an assessment is made of the value of vaso-dilator substances in the treatment
of epilepsy, while Part II comprises a study of the regulation of acid-base

equilibriumofthebloodby epilepticsand itsrelationtoseizures.

Part 1.â€”The Role of Vascular Spasm.

ACETYL CHOLINE AND PACYL IN THE TREATMENT OF EPILEPSY.

Since Hughlings Jackson (i), in 1870, pointed out the possibility of the
epileptic seizure being determined by contraction of the cerebral arteries, the
rOleof â€œ¿�vascularspasmâ€•inthisdisorderhas been a subjectofclinicaland
experimental interest. Vascular spasm is a mechanism now accepted by many
clinicians as explaining a number of cases of transitory aphasias, hemianopias
and migraine. The sudden blanchingof the extremitiesas a resultof

* A dissertation for which a special prize was awarded by the Royal Medico-Psychological

Association (i@@).
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vaso-constriction is well illustrated in Raynaud's disease. The association of

Raynaud's disease with cerebral vascular disturbances has been recorded by
Norman (2) and by Carp (3). Russell (4) has noted the similarity between the
stages of the epileptic convulsion and the symptoms accompanying heart-block
in Stokes-Adams' disease.

Many observations of the exposed cortex during epileptic attacks have been
made. Foerster (5) describes the sequence of events repeatedly seen by him
on the operating table. Sudden pallor of the cortex and arrest of cerebral

pulsationisimmediatelyfollowedby extremehyper@mia,venousengorgement,
and bulgingofthebrain. Horsley(6),Leriche(7),Kennedy and Hartwell(8)
have observed similar changes. Corroborative evidence is to be found in
the observations of the fundus oculi during an attack. Jackson (p), as long
ago as 1863, noted that the fundus was pale before a seizure, and that during
theconvulsiontheveinsbecame largeand dark.

Experimentalevidencehas recentlybeen broughtforwardto show that
thecerebralvesselscontractafterstimulationofthecervicalsympatheticand

dilate in response to vagus stimulation (Schilf (io), Forbes and Wolff (ii)).
The effectof theseobservationshas been to bringagain to the foreground
the hypothesisthatfitsare precipitatedby cerebralvaso-constriction.But
although it is now generally acknowledged that the cerebral arteries are under

vasomotorcontrol,a causalrelationshipbetween cerebralvaso-constriction
and the epileptic attack is by no means accepted (Notkin et a!. (12), Wilson (13)).

On the assumption that seizures are due to vaso-constriction of the cerebral
arteries, various operations on the cervical sympathetic chain have been
performedin epilepticpatients(Alexander(i@),Bojovitch(15),Tinel(i6),
Zavialoff (17), Lauwers (i8)). The results of cervical sympathectomy have,
on the whole, been disappointing. Favourable results in certain subjects are

reported recently by Lauwers (19) following the removal of the carotid body@

Attempts to influence epileptic attacks by the administration of vaso

dilator substances have been made. Popea and Eustatziou (20) in 1927
recorded beneficial results following the inhalation of amyl nitrite at the onset

of attacks. In 1929 Villaret and Justin-BesanÃ§on (21) demonstrated the thera
peutic value of injections of acetvl choline in Raynaud's disease, arteritis and
similar complaints. The beneficial effects of acetyl choline in Raynaud's
diseaseappearedto lendsupporttothevaso-constrictiontheoryof epilepsy.
In 1931 Etienne (22) and his co-workers at Nancy investigated the action of
thissubstanceon a groupofsevenepileptics.Intwo casesa notablereduction
in the incidence of fits was recorded. Later, de Gennes (23) reported that
injections of acetyl choline arrested the seizures in two cases of status. Similar
resultswere describedby Pagniez,Plichetand Decourt (24).Bolsi(25),in
1932, reported a dramatic reduction in the number of seizures in five of his
eightcases. In some ofthegroup investigated,thebeneficialeffectpersisted
for several days after the injections of acetvl choline. On the other hand,
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Dejean and Hughes (26) did not obtain any favourable results in four cases
treated over a period of fourteen days.

EXPERIMENTAL.

The therapeutic effects of acetyl choline and of pacyl were investigated in
fourteencasesofepilepsy.The casesselectedwere subjecttofrequentmajor
convulsiveattacks,whichwereunassociatedwithascertainableorganicdisorder
in the nervous system or elsewhere. The age at onset of the disorder and the
age at the time ofthe investigationarerecordedin thetable.Eithersome
degreeof congenitalmental defector progressivemental deteriorationwas
present in each member of the group. No change was made in the diet, usual
medicationorregimenofthesubjectsduringtheexperiment.The typeand
frequencyof allconvulsions,aurieand equivalentswere recordedforstated
periodsbefore,duringand aftertreatment.

Acetyl cholinebromide (B.D.H.)was administeredby subcutaneous
injection each morning for fourteen days. The initial dose given was
o@I grm., followed by a daily dose of 015 grm. After seven days the dose was
increasedto O@3grm.

Pacyl is a derivative of choline and has the advantage of being administered
orally. Its action as a parasympathetic stimulant is claimed to be more
nearlyconstantthan thatof acetylcholine.Two pacyltabletswere given
threetimesdailyforfourteendays.

Table@Showing Results of Treatment with Acetyl Choline Bromide and Pacyl.

Number of seizures.

During
succeeding

14 days.

19

4'
6

4

l)uring acetyl
choline

treatment
4 days).

8 . 3 . 24 . 5 . I . . 5 . Improved.
9. 3 . 29 . 3 . I . . 4 .
to . Inf. . 33 . 2 . 0 . .
II . ,, . 21 . 5 . 4 . . 5 . Unchanged.

12 . ,, . iS . 2 . 12 . . 4 . Unimproved

13 . ,, - . 14 . 19 . i8 . . . Unchanged.

14. 12 . 20. 9 . 7 . . 8

Case Age at Present 1) Irng l)uring During acetyl
No. onset. age. -- picyl choline

da@ treatment treatment.
4 Y . i@ days). 14 days).

I. 14 . 22 . 23 . 32 . 20

2 . 7 . 31 . 34 . 29 . 30

3 . x6 . 26 5 . 4 . I
4. 7 . 23 . 5 . 4 . 3
5 . Inf. . 30 . 7 . 8 . 3
6. ,, . 39 . 4 . 4 . 4
7 . II . 23 . 37 . 66 .

Remarks.

Unchanged.

Improved.
Unchanged.
Improved.
Unchanged.
Unimproved.

Dun ig
pacyl

treatment
(â€˜@days@.

5

5
12

i8

9

* Treatment stopped on account of increase in number and severity of seizures.
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Halfthecaseswerefirstgivena courseofpacyltablets,followedby a course
of acetylcholineinjections.In the otherseven casesthisprocedurewas
reversed.

DISCUSsIoN.

The influenceof pacyltabletsand acetylcholineinjectionsisshown inthe
table. No beneficialeffectwas observedduringpacyladministration.During
acetylcholinetreatmentitwillbe notedthatinfivecasesa reductioninthe
number ofseizuresoccurred.Therewas no associationbetweenthedecrease
inthenumber ofconvulsionsand theincreaseddosage(03grm.)givenduring
the secondweek. In two casesdiminutionin the number of seizureswas
accompaniedby an increaseinpsychicequivalents.No changein the type
or severityoftheseizureswas observedintheotherthreecases,classifiedas
improved. One ofthese(Case8)became brighterand more energeticand this
mental improvement was maintainedforsome weeks,althoughthe number
of fitsagainincreasedaftertreatment.There was no mental changenoted
intheothertwo casesthatshowed decreaseinnumber offitsduringtheinjec
tions.Case 5,where a decreasein the number of seizuresoccurredduring
thefourteendays'periodfollowingacetylcholineadministration,was confined
tobed atthistime. With regardto Case 7,a greatincreasein thenumber
and severityofattackscoincidedwith the end of the pacyltreatment.An

attempt to arrest the rapidly repeated seizures by two 04 grm. doses of
acetylcholinefailedand this@form oftreatmentwas inconsequencestopped.

The results obtained in the seven cases classified as unchanged do not call
for individual discussion.

Co@iMENT.

The question arises whether the beneficial effect occurring in the few cases
ofthegroupduringacetylcholinetherapymay notbedependenton some other
factorthan the actionof thissubstance.It iswellknown that periodic
fluctuationsintheincidenceofseizuresoccurinmany epileptics.An investi
gationoftheincidenceoffitsoccurringinthesecasesduringthepreviousthree
months, when the subjects were under the same conditions in all respects
exceptforacetylcholinetreatment,didnot discloseany fourteen-dayperiods
comparable with those which have been held to justify the use of the word
â€œ¿�improvedâ€•inthetable.

While,therefore,therewas no dramaticreductionintheincidenceofseizures,
itwould seem thata smallproportionof thegroup were lesssusceptibleto
attackswhen undertheinfluenceofacetylcholine.

The resultsobtainedfrom the administrationof the cholinederivative,
pacyl,werediscouraging.

On thewhole,itmay be saidthattheresultswhichfollowedtheuseofthese

LXXIX. 47
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arterial antispasmodic substances do not lend support to the hypothesis
that cerebral vaso-constriction is by itself the precipitating factor of the epileptic
attack. It must, however, be admitted that the action of the drugs employed
may not be the same in the case of the cerebral circulation as in the peripheral
vessels of the body.

References quoted in Part I.â€”(x) Jackson, j. Hughlings, Trans. St. Andrea's .%!cil. Grad.
.dssoc., 1870, iii.â€”(2) Norman, H. J., Journ. Ment. Sci., 1916, lxii, p. 73o.â€”(3) Carp, I.., Arch. of
Surg., 1931, Xxii, p. 353.â€”(4) Russell, A. E., cited by Kinnier Wilson (ref. I3).â€”(5) Foerster, C.,
Deutsch. Zeit. f. Nervenh., 1926, xciv, p. x@.â€”(6) Horsley, Victor, Th'it. Med. Jour,z., 1892, i, p.
693.â€”(7) Leriche, H., Pressc Med., 1920, xxviii, p. 645.â€”(8) Kennedy and Hartwell, Arch. Neurol.
and Psychiat., 1923, ix, p. 57@.â€”(@) Jackson, J. Hughlings, Med. Times and Gazette, 1863, ii, p.
359.â€”(Io) Schilf, E., Das Autonome Nervensystem, 1926, Georg Thieme, Leipzig, p. 1o4.â€”(11)

Forbes, H. S., and Wolff, H. G., Arch. Neurol. and Psychiat., 1928, Xix, p. 1o57.â€”(12) Notkin, J.,
Coombs, H. C., and Pike, F. H., Amer. Journ. Psychiat., 1932, xi, p. 679.â€”(13) Wilson, Kinnier,
Modern Problems in Neurology, I928.â€”(14) Alexander, W., The Treatment of Epilepsy, 1889, Y. J.
Pentland, Edinburgh.â€”(15) Bojovitch, V., Rev. de Chir., 1925, lxiii, p. 6o8.â€”(x6) Tinel, M. J.,
Rev. Neurol., 1925, xli,p. 613.â€”(17) Zavialoff, I., Vestnik Khir., 1927, Xl, p. 131.â€”(18)LauWerS,
E.,Journ. de Chir.,1931,xxxvii,p. 686.â€”(19)Idem, Rev. Neurol.,1932, XXX1X, 1,p. 1377.â€”(20)
Popea, A., and Eustatziou, G., Presse Med., 1927, xxxv, p. 643.â€”(21) Villaret, M., and Justin
BesanÃ§on, L., Lancet, 1929, 9, p. 493; also LeÃ§onsdo Dimanche, 2@ sÃ©r.,1930, Paris.â€”(22)
Etienne, G., Louyot, P., MIle. Cullerie and Simonin, J., Rev. Med., de l'Est., 1931, lix, p. i66.
(23) de Gennes, L., Soc. Med. des HÃ³p. de Paris, 1932, xlviii, p. 394.â€”(24) Pagniez, Plichet and

Decourt, ibid., 1932, xlviii, p. 424.â€”(25) Bolsi, D., Rev. Neurol., 1932, XXX1X, i, p. 1321.â€”
(26) Dejean, C., and Hugues, P., Arch. Soc. des Scien. Med. de Montpellier, 1932, Xiii, p. 212.â€”
(27) Fay, Temple, Amer. Journ. Psychiat., 1929, Viii, p. 783.â€”(28) McQuarrie, I., Amer. Journ.

Dss. Child., 1927, xxxiv, p. 1o13.â€”(29)Lennox, \V. G., and Cobb, S., Epilepsy, Medicine
Monographs, xiv, London, 1928.

Part 11.â€”Acid-Base Equilibrium of Blood in Epilepsy.

In epilepsy much attention has been directed to metabolic changes which
influencetheincidenceofseizures.Ithas been demonstratedthatincertain
cases seizures may be modified by measures which affect the acid-base balance
of the organism,inducedalkalinityfavouringthe number and severityof
seizures and induced acidity having the reverse effect. In view of these
observations,many attemptshave been made to finda correlationbetween
thephysicalconditionofepilepticsand a disturbanceintheregulationofacid
baseequilibriumoftheblood.

It has been established by most authors that in the period between
fits,variationsin blood constituentsare usuallywithinphysiologicallimits.
Much confusion, however, prevails as to what takes place at the time of the
actualseizure.Some authors,forexample,claimthatthefitisprecededby an
increasein alkalireserve(alkalosis)and in pH (alkakemia),othersthatthe
reverse(acidosisand acichemia)takesplace,whileyetothershaveobservedno
appreciablechange. The explanationofthesediverseopinionsliesinthefact
thatthe normal variationsin alkalireserveand pH of differentindividuals,
and even of the same individuals at different periods, is of wide range,
and it follows that sound conclusions can be drawn only from a large
number of observations.The difficultyof obtaininga largenumber of
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cases during and particularly preceding seizures is apparent. It appeared,

therefore, that the most satisfactory way of approaching the problem was to
attempt to obtain specimens of blood from individual patients immediately
before, during and after a particular seizure, and to compare these with samples
taken during the free intervals.

The clinical material selected for this study consisted of institutional
cases of essential or idiopathic epilepsy with fits of frequent occurrence:
The administration of drugs was discontinued, and careful observations made
for twenty-four hours before specimens were taken. Notes were made during
this period of all possible modifying factors, such as diet and previous medica
tion, the mental and motor states of each patient, and the time and character
of any sensations, aur@e or fits. Samples of venous blood were taken from several
patients at frequent intervals for a short time in the expectation that one of
them might have a seizure shortly after a venepuncture. If this occurred,
further punctures were made during and after the convulsive crisis. This
procedurewas successfulon very few occasions,sincethe probabilityof a
seizuretakingplaceduringthe periodof observationwas slight.On the
other hand, a number of specimens was obtained, representative of various
inter-seizureperiods.

A seriesof normal controlswas obtained,and thiswas supplementedby
healthy,high-gradedefectivesemployed as ward workersinthementalinsti
tutions. The advantage of including these patients was that control specimens
were thereby obtained under conditions identical with those of the epileptics,
and could be analysed at the same time.

All subjects at the time of blood-sampling were in the post-absorptive state,
and had rested for at least one hour.

EXPERIMENTAL.

Venepunctures, usually of the median basilic vein, were made without
stasis, the blood being collected under paraffin in an air-tight syringe, and run
immediatelyintotubescontainingparaffinand a smallamount of Evans's

9: I mixture of potassium oxalate and sodium fluoride, previously moistened
with two dropsofsaline.The bloodwas stirredgentlywitha thinglassrod
and the tubes were then stoppered and placed in an ice-box. The blood
samples were allowed to stand in a refrigerator until sufficient plasma had
separatedout to be removed,under paraffin,withoutcentrifuging.In this
way any loss of CO2 was minimized.

Estimations of alkali reserve, pH and lactic acid were carried out on
theplasma.

Alkali reserve was determined by the titrimetric method of Van Slyke.
pH measurements were made by the electrometric glass electrode method.

The apparatus used was that designed by Kerridge (@i).
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Lactic acid was determined by the method of Friedemann, Cotonio and
Shaffer (@), modified by Friedemann and Kendall (36). The percentage
recovery of lactic acid was between 95 and 98.

The results obtained fall into two sections:
(I) General statistical results, consisting of averages of a number of

isolated samples; these are shown in Tables Iâ€”Ill.
(z) Results from successive venepunctures performed on individual

cases before, during and after a particular fit; these are represented

graphically in Figs. 1â€”3.

Discussiox.

(i) GENERAL STATISTICAL RESULTS.

Alkali Reserve.

Divergent opinions have been expressed with regard to the alkali reserve
content of the blood in epilepsy and its variation in relation to seizures.

Bigwood (31), in presenting a large amount of experimental evidence,
concluded that in the period between fits, the blood bicarbonate rested
within normal limits. Katzenelbogen (40) reported that the â€œ¿�intervalâ€•
alkali reserve was within the normal limits of 54â€”74volumes of CO@% in 31

patients, and Lennox and Allen (42) found the plasma bicarbonate within 5@
and 70 volumes C0% in 88 out of 100 patients. Ballif and Reznic (30) state
that the alkali reserve was normal in the free interval and immediately
before seizures, but fell after seizures.

Gozzano (38), however, found that in one-third of his cases the â€œ¿�intervalâ€•
alkali reserve was higher than normal. Dautrebande (33) also noted an
increasedalkalireserve,but stated that this had no relationto the
occurrenceoffits.

TorresLopez (@â€˜),on the otherhand, found thatthe â€œ¿�intervalâ€•alkali

reservewas normalinthemajority,but diminishedinabout30% ofhiscases.
Villacienand Urra(48)reporta diminishedalkalireserveintheperiodpreceding
thefit.Puca (@5)alsofounda loweredalkalireserveinthepre-paroxysmal
phase,withfurtherloweringintheperiodfollowingtheattack.

Di Renzo (@@)presentedfindingswhich differedfrom thoseof the above
authors,and suggested@thatthe alkalireserverosefrom the normal value
twenty-fourhoursbeforethefit,reacheda maximum a fewminutesbeforethe
crisis,fellrapidlytothenormalvalueimmediatelybefore,and remainednormal
duringand afterthefit.The resultstabulated,however,particularlyforthe
period immediately preceding the fit, are clearly too few for detailed critical
examination.

The results obtained for alkali reserve in the present investigation are
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recorded in Table I. These show, firstly, that the alkali reserves of epileptics
in the interval period fall, with very few exceptions, within normal limits.
Secondly, the average for epileptics of 687 volumes %, compared with 644
volumes % for normals, indicates an increase in epilepsy. This, however, is
regarded as merely suggestive, in view both of the wide variation in individual
alkali reserves, and also of the fact that these patients have been subjected
to courses of luminal and other drugs which might conceivably affect their
alkali reserve content. Thirdly, there is no appreciable difference between

the alkali reserves of epileptics in the interval period and those in the two-hour
period preceding the fit. It should be pointed out that in the results tabulated
forthe latterperiod,no casehas been includedin which previousfitshad
occurredon thesame day.

The period of the few minutes preceding the fit is of great importance, but
the results for this phase are too few to warrant special treatment. It is clear,
however, that there is a fall in alkali reserve during a fit, and by correlating
clinicalfindingswiththeresults,itwas manifestthatthedegreeofthisfallwas
related to the severity of the convulsion. In cases of severe major fits the
decrease in alkali reserve was continued for some minutes after the crisis, but

even in these instances recovery to normal was usuall completed within two
hours.

Hydrogen Ion Concentration.

In contrastwiththevariedopinionsconcerningthelevelsofalkalireserve
during epilepsy, there is comparative unanimity amongst authors with regard
to the hydrogen-ion concentration of the blood-plasma. It should be noted
that previous investigators have employed colorimetric methods for the deter
mination of pH, and that these give higher results than those obtained by the
electrometric glass electrode technique.

JarlÃ¸v (3Ã§)found that the blood of epileptics showed a tendency to increased
alkalinity before the convulsive crisis, and that this was replaced by a decrease
following the attack. The attack was regarded as being a defence reaction of
the organism against alkaline intoxication. Geyelin (37) concluded that
although there was no definite pH curve characteristic of epilepsy, these
patients showed a wider daily range than did normals. Osnato and co-workers
(@@)found that the pH of the plasma in 29 caseswas within the normal range,
given as 7@33â€”744. Bigwood (si) reported an increased blood alkalinity
preceding seizures and applied the equation of Rona and Takahashi (46),

rjj +]
Ca@+ = K [@O@ to his results, concluding that the effect of increased

pH (intheabsenceofa correspondingdecreaseinHCO;1ions)was a reduction
in Ca ions, which in turn precipitated the fit. Dautrebande (33) suggested
that the high pH values obtained were due to the presence in the blood of
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epileptics of an alkaline substance which combines with difficulty with CO3
in vivo.

TABLE 11.â€”pH of Venous Blood-plasma.

Epileptics.

More than Within
Controls. 2 hours 2 hours During oâ€”.@hour @â€”¿�2hours

before or before fit. after fit, after fit.

Number of after fit, fit.

observations:. 8 . 20 . 8 . 7 . II . 9

Highest . . 7@36 . 7@39 . 742 . 737 . 738 . 740
Lowest . . 730 . 730 . 7.32 . 7@I5 . 728 . 7@3I
Average . . 732 . 7@35 . 7355 . 7@29 . 734 . 7@36

TABLE 111.â€”Lactic Acid of Venous Blood-plasma (mg./ioo cc.).

Epileptics
Controls. .

(during inttrval period).

Number ofobservations. . 8 . 8
Highest . . . . i8 . i8
Lowest . . . . . 10 . 10

Average . . . . 135 . I3@O

The resultsrecordedin Table II indicatea largervariationbetween the
pH values of epileptics than exists in the normal The average pH in the two
hourperiodprecedingthefitshows no significantrisefrom thatintheinterval
period. On theaverage,however,epilepticplasma tendstobe slightlymore
alkalinethannormal,although,as inthe caseof alkalireserves,thisisquite
insignificantwhen appliedto individualcases. During the fitthereisa fall
in pH, the extentofthisbeingdependenton theseverityofthe seizure,and
also on the time after the commencement of the fit that the venepuncture is
made. In allcasesthepH returnstonormal limitsina shortspaceoftime.

Lactic Acid.

Very fewdeterminationsofbloodlacticacidinepilepsyhave beenmade by

previousobservers.Osnato and co-workers(@@)found lacticacid values
above normal forepileptics,and statedthatthisincreasebearsno relationto
the timeelapsingsincethe previousseizureand,therefore,isnot due to the
muscular exertionduringconvulsions.The figuresrecorded,however,are
unreasonablyhighina number ofcases,and itisveryunlikelythattheywould
be obtained with the more refined experimental technique now available for
determininglacticacid. Moreover,no experimentalresultsfornormal blood
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lactic acid are given. Ballif and Reznic (30) argue, without presenting experi
mental evidence, that the fall in alkali reserve immediately after a fit is due to
theproductionoflacticacidresultingfrom muscularcontractionsduringthe
seizure.

The resultsrecordedinTableIIIindicatethatintheintervalperiodbetween
fitsthelacticacidcontentof the blood-plasmaof epilepticsisnormal. This
contradictsthe findingsofOsnato.

(2) INDIVIDUAL CASES.

Case i. (Fig. I.)

Duringthemorningofthedayofinvestigationthepatienthadaseriesofattacks,
consisting of major fits at 7 am. and 9.30 am., and minor fits at 10.30 am. and
11.10 am. She was still stuporose, but of a good colour and breathing quietly

when the first blood sample was taken at 11.50 am. At 11.55 am. the patient
became rigid and cyanosed, and developed generalized clonic contractions, lasting
two minutes, before relaxing into a stuporose state. At 12 noon venepuncture
was abouttobe made when thepatienthad anothermajorfit.A puncturewas
performedduringtheseizure,and at 12.10p.m.a thirdblood-samplewas taken,
the subject at this time being restless and over-active. She was still somewhat
stuporose half an hour later, full recovery taking place in about two hours. No
further attacks took place for six days.

Case 12. (Fig. 2.)

This patient had a moderate major fit at 9.15 am. on the day of investigation.
A bloodsamplewas takenati1.45am. At 12noonthepatientwas paleand said
that he was about to have a seizure. A venepuncture was performed, the patient
beingquietand co-operative.At 12.15p.m.he had a shortaura,a sensationof
coldnessintherightlegand â€œ¿�buzzingâ€•inthehead. Hiseyesrotatedupwards,
theheadextendedand he fell,withgeneralizedmusculartwitchingslastingabout
20 seconds. A blood sample was taken. â€˜¿�fhepatient recovered quickly and spoke

at once. Further venepunctures were made at 12.20 p.m. and 12.45 p.m.

Case 17. (Fig. 3.)

The seizureobservedwas theonlyone occurringon theday ofinvestigation.
A blood sample was taken at 12.40 p.m. At 12.52 p.m. the patient had a severe
majorfitwithmuscularcontractions,lastingovertwo minutes.A venepuncture
was made duringthe fit.Recoveryof consciousnesstookseveralminutes,the
patientthen becomingconfusedand over-active.Furtherbloodsampleswere
takenat 1.2p.m.and 1.12p.m.,by whichtimethepatientwas quiet.

Itisclearfrom a considerationof thegraph of Figs.1â€”3thatthe fallin
alkalireservefollowscloselythe increaseinlacticacid,and thatsubsequent
recoveryofalkalireserveaccompaniestheremovaloflacticacid. The relation
between theseisfurtherdemonstratedby comparisonwith Fig.4,in which
â€œ¿�exercisecurvesâ€• given by normal individuals exhibit the same features.
It is evident that the change in alkali reserve caused by the epileptic crisis is
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accounted for very largely by changes in the concentration of lactic acid in the
blood.

The amount of lactic acid accumulating in the blood as a result of muscular
contractions is related to the efficiency of the recovery process, in which energy
derived from the oxidation of a part of the acid is used in the re-synthesis to

glycogen of the remainder. The first stage of the epileptic fit produces
anoxa@mia,and thisimpairstheefficiencyof the bodilymechanisms (chiefly
liverand muscles)fordealingwith the removal of lacticacid. Moreover,
many ofthemusclesinvolvedintheproductionoflacticacidduringthecon
vulsionare not accustomedto dealingin situwith largequantitiesof this
substance,and ithas been wellestablishedby Bock and co-workers(32)and
by Owles@ that training is of considerable importance in preventing the
leakageof lacticacidintothe bloodaftermuscularcontractions.There is,
therefore,good reasontoexpectthepresenceoflargequantitiesoflacticacid
in the bloodas a resultof severeseizures,and comparisonof Figs.i and 4
showsthatthebloodlacticacidwas higheraftertwo consecutivefitsthanafter
the verysevereexerciseofa â€œ¿�standingrun â€œ¿�fortwo minutestothepointof
exhaustion.

The depressionofpH duringthe fitisdue firstlyto theretentionof CO3
duringthetonicstage,and secondlytoaccumulationoflacticacidduringthe
clonicstage. These have additiveeffectsin increasingthe amount of free
CO3 in the blood, and in the case of a' severe fit may lead to over-stimulation
of the respiratorycentre.Thisisshown inFig.i by an increaseinpH a few
minutesafterthefittoa levelhigherthanthepre-paroxysmalone,inspiteof
thecontinuedaccumulationoflacticacidintheblood. In thecaseofnormal
individualsafterexercise,on the otherhand, recoveryto the normal pH
appearstobe a more gradualprocess.

Itappearsalmostcertainfrom theaboveresultsthatchangesintheblood
constituentsdescribedinthisdissertationaretheresultof,and in no way the
causeof,epilepticseizures.

Sr-@I@I.ARv OF PART II.

(i) The acid-base equilibrium pf the blood in epilepsy has been studied,

measurementsbeingmade ofpH, alkalireserveand lacticacid.
(2) The results suggest that in the interval period between fits

(a) Variations in alkali reserve and lactic acid are usually within
normallimits,but thoseofpH extendtoa rangeslightlyabovenormal.

(b) The average lactic acid concentration is normal. The average
alkalireserveand pH valuesareslightlyabovenormal.

(@)The averages of results obtained for alkali reserve and pH during the
two-hourperiodprecedingthefitshow no significantdifferencefrom thoseof
theintervalperiod.
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(4) Results obtained from blood-samples of individual patients before,
during and after a particular seizure are illustrated by graphs, and lead to the
following conclusions:

(a) There is a fall in alkali reserve during and for varying periods
after the fit, this fall being accounted for by the accumulation of lactic
acid in the blood. Decrease in lactic acid during recovery is accompanied
by increase in alkali reserve.

(b) The blood pH falls during the fit . due firstly to apncea during
the tonic stage, and secondly to production of lactic acid during the

. clonic stage. Recovery to the normal pH is more rapid than in the

case with normal individuals after exercise.
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APPENDIX.

Notes on Individual Cases Investigated in Part II.

CASE i: Idio@alhic epilepsv.â€”\V. Fâ€”, girl, â€˜¿�et.22, admitted January i8, 1930.
Family historyâ€”Mother alcoholic. Patient an only child. There is no known

history of epilepsy, mental defect or insanity.
Previous historyâ€”Birth, infancy and childhood apparently normal. At the

age of 14 patient began to have epileptic fits, which gradually increased in frequency.
Menstruation began normally at the age of 14, but stopped following a fright at 17.
Increase in the number and severity of the attacks, with periodic maniacal out
bursts, led to certification two years later. Attacks, mostly major, now average
30 per month. Gradual development of typical epileptic habitus: (lull,stupid

and obstinate.
Physicalâ€”No abnormality of skull. Optic fundi normal. No cranial nerve

lesion; no muscular weakness or spasticity; deep and superficial reflexes normal;
no sensory impairment. No evidence of disease of heart, lungs or abdominal organs.
Wassermann reaction of blood negative. Urine contains no abnormal substances.
Blood-pressure 98/70.

CASE 12 : Idiopathic epilepsv.â€”R. \Vâ€”, porter, a@t. 23, admitted August 22,
1930.

Previous historyâ€”Labour was normal and no instruments were used. He
attended school till the age of i 2, when he began to suffer from fits, with generalized
muscular spasms and loss of consciousness, followed by a short period of stupor.
There is no known history of head injury and no family history of epilepsy or insanity.
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A year before admission a seizure occurred when the patient was in a swimming
bath, and this was followed by pneumonia. He was taken to a general hospital,
where he had ioo fits in a few days, followed by profound confusion and restlessness.
Fits now average 40 per month.

Physicalâ€”A short, well-developed man, with slight exophthalmos. Repeated
examination of the nervous system has revealed no evidence of any organic disorder.
No evidence of disease has been found in the lungs, heart or abdomen. Wasser
mann reaction of blood negative. Urine contains no abnormal constituents. There
is no skull abnormality. Blood pressure i 10/75.

CAsE 17: Idiopathic epilepsyâ€”S. Bâ€”, @t.28, admitted October it, 1919.
Previous history.â€”â€•Convulsionsâ€• were noticed at the age of t8 months, the

patient's mother attributing these to a fall on the head occurring at this time. At
the age of io the patient was sent to an epileptic colony. There was a gradual
increase in the frequency of attacks, of the typical grand mal type. He became
very dull and retarded, and was removed to a mental hospital. Fits now average
15 per month.

Physicalâ€”There is no evidence of organic disorder in the nervous system or
elsewhere. Wassermann reaction of blood negative.
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