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Concerninz nn Iavestigzotion of the Activity of Alkaline Prosvhatase in
the 3lo00d Serum ag an Indicator of the Reaciivity of the Organism in the

Iafcectiously Ill,

VY Ae P, Blyucer, candidate of mediezl sciences of the llge Infectious.
Tiscase Hoszlital (Chief Physicida - S, D, Charnyy), The:chair of iafectious
discuses (Chief - Asst Prof. M. M. Budzhe), Riga Medical Institute { Dir, -

L
2rol, d-r 2. M., Burtaiek).

tute Mikrotiolozii, Akadenlie lNauk, Letvilskol SSE. .
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Investigators have loag noticed the existence of the close relation
between the condition of an orzaniem and the function of ite ferments. One of
the founders of our pative enzgmolozy - A. H. Ba¥h (1923), in relation to
this wrote, "hardly anyone can now dispute the contention that bhetween the
condition of ewn organism and the funstion of its ferments, exists such a
cloze connection that any changes in the cordition of the orgenisa ie aither
caused by, or accompanied by a change in the function of the ferments." 4, N,
3akh also noticed the close reletionship existips between the fermentst! ac-
tivity and immunity. The distinct perallelism, which occurs between the ep-
vearances of immunity, on the one hand, akd the fermentgl reactions, on the
other, causes many investigators to find here something more general than
superficial coincidence (Blagoveshchenskiy, 1941),

2% nresent there is accumulated in science a great quantity of new facts,
wacin nermit one to éraw a coaclusion about the existence of an organic coa-
rection between the change in reactivity of the organiam to infectious die~
ezses and the activity of its ferments. We shall illustrate this contention
with two examples.

2z0ed wron inveslizztions which have Teen coaducted, ¥. M, Bykov and
V. M. Vesyuiocuxkin (183L) express a concept abcut the fact that the adape
Tel luaslatrovhic function of the nervove sxyestem, with vhich the adaptive
rLaceicas of the orzaniso are related, is hrouvght about, to a significant
Logree, by means of thae 2cotion oa the different eazymatic orocesces, per-
:-u.;--Ly ~ on the oxiéiziag-regererating processes In ths tiscues. Sykov
oii Vueyuvockhkin rezurd these processces as the direct blochemieal ‘cuistrate
n2 ine rervous trovhic syetem., E. M. ir3ps (1945) also considers thut charges

e enzyirztic reactions 1n pathologicel conditions have an adantive char-

r and arc one oI tae mechanisms of the adaptdbional-tronhic reztlation of
Tunctions. at the came time the reorganization of the reactirity of an
s:anism to an infectious diseuse, from the biological voint of view, also
reprasocnta an unigue adaptational reacticn, vhich is regulatatle by the ner-
vous syeten to the caunged conditions of the internal environment, to those
rew conditioan in the orzanism which were added 23 & result of iis interec-
tica wilth the micicle-vathogen., This allows us to think that changes in the
er.zymatic reactions occupy en iamportant place among the other nrocesses whinh
occur in the orgunism during a reorgenization of its reactivity.
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The second evs~nle which illuctrates the organic connection Letvecn the
recctivicy of the orgealem end the function of its ferments is reluted to the
function of reseneration. Cn the one hand, these substances enter into the

- structure of mony coformeanls, that is, enter into the comnocition of the on-

- symes themaelveot and on tkhc other hand, &s was showa by .“e numerous iaves-

- -tigations of A. M, Kirkhenshteya (1555} aud his coworkers {Stolysvo, 1942,
1940; Mutseniek, 195L; Indwlen, 19543 Berzin' 1955; and ov“crs). the vitamainsg

have & large role iz the regulaticn of the phylactic functions of the orgazisn,

‘dn the rezuletion of ite immundbiological reactivity.

Thus, taere exists a close ccnnection tetween 4the reactivity of the ¢r-
ganliom aad the activity of ite fermeats. In view of thals, orne can vresuse
that a reorgonization of the orzanismls reactivity produces defiaite changes
in the function of the corresponding fermental systems,

In spite of the ohvious vulue in an iavestigetionof the activity of the
forments ag an indicator to the status of aa organism's reactivity to infec-
tious diseascs, the prodlem until now is given insufficient attention. There
are practically ro concrete investigations in the literature that have to do
with the stuldy of the interreletions hetween the activity of the ferments ard
the reactivity of the organism to infectious diseases.

In connection with this, we decided to verify on concrete material, how
perspective is an investigation of the ferments! activity for judgement of
tho reorgenization of the organiem's reactivity to infectiouns diseuses.

The allrzline phoevhatase af the blood serum was eelected as the sutject
of the investigation. The selection of this ferment is not accidental. Phos%
ohatases are widely sprecd through tkhe animal and plant worlds and have a
great biological imnortance. These forments enter into the well-known triad
(phosphorus, rfcrment and functisn of the cell) which was distinguished bty
V. 4, Engel'gard (1945) as haviag an important influence on the majority of

he ohysiologicazl 2roceszes that ere effected in the cell., The phosphatates
Vere succesefully iavestiraled 2lso in the patliological processes, and their
iavestigetion found 2 rether wide utilizetion in clinical practice. Finally,

some authore express thie hypothesis that the ectivity level of the phospha=-
tase of trhe tloed rellects, %o a Fnown degree, the cuanges of the organisa's
reactivity (landa-Glaz, 19%5; Cherfas, 1552; Shumeyko, 19533 Plctnev, 1953).

In order %o recclve vnie questlon concerning the erxpediency of an inves-
tigation about the utilization of the activity of the vhosphatase as a test
wvhicn recflects the ceoacdition of the organiem's reactivity to infectious
diseases, the followirg experiments were conducied:

Y. An Investigztion of the influenze of gnme of the mwhysiologleally
ective subdbstances, waich elter the condition of the central =2nd the vegeta-
tive nervous system, on the zctivity of the vhosphatase of tie blood serum,

2. We aceortulned the dependence of the phosnhatace of the tlood oa the

content i the dlood of ascortic acid - a vitamin'which has great imnortance
for the reulztion of hislogleal reactivity.
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(:> 3. 4 zomparicon vas mode of thae ckenge in the ectivity of the phosphatage
and the coratent in the blood of agglutinine, vhich are generally accedted as
& reletive indicetor ol the orzanism's immunobiological reactivity to infec-
tious Algeasse,

L, The mciivisy cf the »linlina phogphntase of the %lnod gerum was inves-
tigated in differsrt sliniesl forrms of typhoid fever. In this we vrocecded
from the nremise that the grevity, length and character of the diecase's cource -
iz stinulated for the first nart by the resctivity of the patient'e organiem.

The activity of the alkeline vhosthetase was $nvestizeted hy the original
method of A. Bodansky (1933). The inorgenic phosphorus in the blood was deter-
mined by the method of Fiske and Subarrou, as modified by A. E. 3raunshteyn
(1928)0 ‘

Where necessery, the results of the investigation were processed by a
method of variation-stutistic analysis.

In 79 % (i_j %) of practieelly heulthy people, the activity of the phos~
phatase ranged within the limits of from 3 to 6 units; the arithmeticzl mean
of the nhosvhatase activity of the blood ia physiologieal conditions amounts
to %.95 £ 0.12 unita.

The interrelations between the act{vity of the vhosphatase in tke hlood
anc the cozdition of the nervous system woe investigated in four groups of
- convalescents after an acute dysentery. Iach group consisted of 8 to 11 per-
k’) sors. We tested the suvstences which act in an inhibiting or exciting manner
on the cerebral cortex (bromides, caffeine), and also the mediators of the
vegetative nervous system - adrenalin and acetycholine.

These cubatances were injected subcutaneously jnto the orzeniem of the
corvalescents in solution form, containing 1 mg of adrenalin, or 10 mg of
ce.{{eipe, or 100 mg of acetylsholins, The activity of the alkaline phospha-~
vase of the Jlood terum was investigated prior to the injection of the sub~
ctances 2ad 30 minutee alfter. The patients took the bromides internally,
2-3 g cach, in the ncurge of 5-6 dayc. The activity of the blcod's alzaline
phoephetase wag also checked vrior to and after this,

The resulte of thse investigation are shown in tables ) ard 2.

£e cecn in table 1, the sudbectunces that ect excitingly on the ceretral
cortox (caffeine) heighten the activity of the elkaline phosphatase of the
blood scrum. Lhe substarces which act in an inhibiting menner on the sarebrel
cortex (bronidea) lower the activity of thiz ferment. From this same teble
is ween thet 2a irjectlon of adrenalin -~ a nediaztor of the symputhetic ner-
vous system - led to an lacreace in the astiviiy of the phosnhat:ce of the
tlood, and an ingection of acetyleholine - o »ciiator of the narasymnathesic
norvous greiem ~ weg zccomnanied Hy a lowerins of the phosphubacse activicy.

drwn vy T

The rezulic which were reneived coafirmel the data of I, 3. hel! chiln-
‘
\

vaie (1955) ic regards ta the influence of bromides and caffeire on Bhe cob-
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§  'NOT REPRODUCIBLE

" ivisy of +tha vhosphiztase of the blrod, at the sane time we were ~ble to show
that cheages in the functloazl sonditioa of the vegetative acrvous syster

‘gve ales accomplished by reguler changes iz the actinn of the 2lkelire phos-
" phatess la the »lood scrum, Jhe establishneat of a connection between the

activity of the phcephatare ané the conditiocn of the vezehuiive, and pzriic-
wlarly tha eymnuthetic nervons cyelem is the first step on the vay to proving
the adantive characher of the chusnges in tze activity of the fermentc. The

LY

detle rocaived serves zo o2 2additionsgl illustravion Lo the concevtion devecloned
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Sctely B K. M. avler, V. M, Veerutoshlkin, I, M. Kreps ead others, Wa0 TESGTC
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the changes of the fermeate' 2¢tivity &s one of the mecianisie O adaptot ional-
trophic regulation.

ie¢ hnas already beea nolatad out, the chazgzs of the organism'e reactivity
to infectiovs diseeces have an adaptive character. Qhe ascertainment of “he
fact that chenges in the activity of the ferments,/that of the phozphatase in
vurticuler, 21so have an adaptive character, gives oas a reason to assumc that
a reorganizction of the orgzniemts reactivity to infectious diseases is reflec-
ted in s change of the activity of the ferments. '

I weg also noted that tha cloge connection of the ferments with aumarous
vitaming ig another premise which offerc an crmortunity of investigeting the
role of the fermeats' ectivity as an indicator of the organism's reactivity
to intestious diseasee., Thers was investigated in our work the dependence of
the phosphatase's ectivity on the saturation of the organism with sacorbic
acid. Z. I. Vinokurov, Ch. 4. Danilenko and 2. I. Spilioti (1951} found that
the leve) of pnosphataee activity is a sensitive test of the organism'e satur-
ation with ascorbic dcid.

FTurtherrore, I. L. Gural! and Z. M, Miroaove (1952) provosed to determine
the activity of the phosphataze in the blooi ac an iadicator of the orgenisamt's
aaturation with vitemin C in dysentery. Soth of these indicators were ianves-
tigated dynamically throughout the course of diseases, iz 32 patients with
tynhoid fever and ird in 41 patients with dyseatery, for a study of the ques-
tion aiout the connection ir 4he activiiy of tke btlood's alkeline phosphetace
with the content of escorbic acid in the tlood, and with the organiem's satura-
tina with tnis vitamin. As a result of the investigations, 1t wae cstadbliched
that there exists in the indicated infections diseases, & relative narelellien
tetween Lhe activity of the alltaline phospbatazse and the agcorbic gcid coatent
57 the vlood. Taus, indepeadently from the orizinal level of the phosphatace s
cotivity (the level of the nhososhatase's activity is stipulated by a serlies
of factors, wni even with an exoreseed hypovitaminosis of vitamin S, it can
r~amaln ratier nigh), afier the injestion of ascordic acid into the organism,
sareed inircuse of the ferment's activity was ovserved. We Aid not succeed
completaly fa coallrning +the data of Gural' and Mironova, according to vhom,
the determiantion of the rhosnhatasefs activity can serve 2s an indicator of
the ormanisp's saturation with ascertic acid in all cases of dysentery, Thus,
in the groun of patients with acute and chronic dycentery vhich ocnurred on
A vackground of accompanying dieeases, regardlecs »>f the marked hypovitamin-
ogle of vitemin ¢, the activity or the phosnhatsre remainsd at 2 anrml, or
even at a ralsed level., Zvidently,in these cases the acconpunying diceas
themeclvas (thyrotoxicocis, hyjertension, peptic wulcer, emstritls, tuber
o5ig et al) ctioulated the rlse in the paosphatase's activiiy; ov i
time the innibiting effect of thaa deficicncy of ascoriic acié ia the
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ascorbie acid sonteni ia the 1lood was detected in the patients with the
"sure" forms of acute znd chroanlc dysentery. Avpares*ly, only In these cages
can o determinatioa of the vhosshatase's activity have a prractlical importance
as an indicator of the orpanism's saturation with vitamia C.

“Me moct Gistinet oaralellism bciweea the phosdhatase's activity and the

Trom the viewnoint of iatarest to us, however, these results show, with
sufficient conelusivencss, tae dependence of the phosnhatssels level of acti-
vity on the asenrtic acid cortent of the tlood. The connection which has been
estatlished between Lhe nhosphetasde cetivity and vitemic C - the most impor-
tant reguletor of the phylcetic reactions of the orgenicm = confirms the ex-
vediency of an investigaticzn of the phosrhatasefs activiiy o1 judging the '
coadition of za orgzmnism's reactivity to infectlious disears<:,

Murther investigationg were devoted to a ‘comvarative study of the dyra-
mics of the changes in the anctivity of the phosvhatase in the dlood and an
agzlutination test in pationts with typhoidl fever; the agglutination test was
made with the *lood serum of these same patients in the usual order of clin-
ical examination.

The patients were divided into several grouns according to the index of
the maximum titer of agglutirnins for the given csse during the disease, Tha
naximum figurea for the vhoanpnatase's activity were found in the patiente
with the seronegative forms of typhoid fever. In each of the eubsequent groups,
arransed in order of tike titer accretion in the Vidal! teet, the level of the

. phosphataset!s activity lowered, and the least figures for the ferment's acti-

vity were found in the group of patients with the greatest content of agglut-
inins irn the blood.

The e2tove ohservation indicates the presence of definite correlrtive
connections tetween the activity of the vhosvhatase ané the content of agslu-
tinins in the dlend. Julging by the fact that the titer of agglutininas is one
0f the generally accented comparative indicatore of the immunodioclozical reac-
tirvity (tc say it more correctly: of the inter3sity of the humoral immunity)

ol the organiem, it is mnossitle to think that the activity of the phosvhatase
will be appointed for this murrnose ia clinical p:aqtice.

lusion we shull nresent the vesults of an investization of the
s acbtivity in patlents with difrerent clinical formz of tynhoid
¢ already been pointed out, we vrocced with this out of a con-
viction that the cravity, duration end character of the course of a diseare
ozccur in the firet nlace ss dictated by the corndition of the reactivity of
tne natient's organicsm,

For an elncidetion of the guestion of interest to ue, connerning the
caaracter of changces in the activity of the phosvhatase in its relation to
vhe orsanism's reactivity, the typhoid-Iever patients were conditionally
divided into 2 groups.

7o the first groun were assigned those vatients in whicik the disecase
to0z a wmild, moderately eacule and acute cyclic form. Into the second zgrouo
vent these watieantls with the acyclic, versistent con:. untione, or recurring
forms of the disease.
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. ¥We arrived at such a division due to the fact thet the cyclic conrse of
_the diseszse 1= usually otserved in the patientes with a normal reactivity.
‘Waile the acvclic course usuzlly occurs as stinulated by an impairment (lowering)
- 0f the imminoviological reactivity of the patient's orgenism, that wes provea
. by speciel experiments of the aporopriate immunoblological reartions in the

= i'patients with the persietent ahd relapsing forms of dysentery, tynhoid fevers
- ‘and other diseases {Iudzhe, 1954: Ravich-REirger, 1952, end others).

Ls eeen in tadle 2, in the natients with aa usuel course (or with usuzl
reactivity) et the helght of the disease the activity of the phocphatuse would
increage correspondingly to the gravity of the case. During the course of +he.

direase, an even lowerins of the wctivity of the vhosohatase down to complete
normalization wag noted »rior to the release from the hospital,

Another picture of the dynezeics ia the changes of the activity of the
nvhosnhatage was found in the vabtients with the acyclic forms of tyvhoid fevers,
Thus, in the natlent: with the very severe, versistent forme of tynrhoid {evars,
which occur with expressed intoxication, Status typhosus, depression, or other
symptoms which indfcete - sveaking ir the clinical langusge -~ & reduced rezc-
tivity of thece natieats! orzanisme, the activity of the vhosvhatase remained
at normel or even roduced figures.

An altered paosphetarc "orofile" of the blood se¢rum was detected aleo
in the relavsing and complicated forms of the disease. The Adivelonment of
complications and the addition of initercurrent infections in the patients
with tyohoid fevers were accompanied by a disruption of the usuel dynamics of
the phosphatase's activity. 4 significant incrense of the vhosphatase's activ-
ity wzs roted together with the development of the comnlication.

In the matients with the relanaing forms of the diseuse, e significant
increase of the phosphatase's activity was also noted in the pre-relavse noriod.
With the onset of the rclapse the ectivity of the phosphatase would rise still
more, in order to evenly decrese in the post-relanse period. A decrrceinz in
the titer of the immunological reactions was found by many authore (dudzhe et
£l) in the pre-relance neriod: this to a certain degree vermits one to sneak
of the decrease ia tne reactiviiy as the basic cause of the develovment of
relanses in these patients.

Foue, the clinfcal observations confirm the atove cited sunpositions as
2 the srorence of definlte relationsnips vetwesn the zctivity of the nhos-
phzvene Lad the inmunobinlegical reactivity of the organism of typhoid fever

PO
Tatieals,

Jae ~ecnanism and the tiological e<ignificance of the changes in the zeti-
vity ol tac passphatese in denendence on the condlticn of the organismie rezct-
ivity are rot descrived with sufficient clarity. Nevertheless, the concention
of the adaptive character in the change of the fermeats vermits a3 pariial
erplenction of the significance in the changes which were found.
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anism (ia the comnlicated 'and relapsing forme of the trphnid_fev:rt)-*tﬂztflb
§:> chinge of sutstences (metabolism} is compensatorily activated, the activity

of several fermente 1s intensified and morticulerly that of the alkalin~hphos—

phatase of the blond. Thie activatioa of the phosphotase evidently hos the

character of a nonepecific defense reactlion.

Ang only with the very gzrave, ucrespoansive forms of the dineuse, vwhen Lt‘
ie mossible tn think that aot only the spocific reactivity is renrecsed, :ux \
#lro the nonspecific, compenantory defense rechanlems, was there & lack ol &
rise in the activity of the vhosphatase.

Such ideas atout the compensatory churacter in the changes of the course
of the cnzymatic reactione ia tho pathologlc processes coincide with thn opia~
ton held o, L. X Iykov, V., M, Vasyutoch la, =. «. Kreps and other.scleatlsts,
It ie¢ not without interest to note that & mimilur concept of the fermenic' role
in infectious diseases was expressed more than 40 years agn ty a. S. Morutaev
(1512). He considerad that the fluctuatioas in tho activity of the fermonts
in typholid fever are intended for the struggle with the infectlioa, but ot
for an active, direct struggle, dbut for an indirect one - through the support
pf the normal physiological condition of the orgunisnm,

It is understood that all of tae cited explenations tear at present n
doubly suppositional charaoctor, chey can be replaced by eract sciontific data
only in the future, after a #:rihor exhauetive study of this orodlen,

Conclusione

1. The injection into the organism of substances which alter thes condition of
the central and vegetative nervous system, is accompanied by regular chenges
of the activity of the alkaline phosphatase of the bdlood eystem. The injection
of adrenalin and caffeine produces an increase in the activity of the vhospha~
tage; bromides and acetylclioline inhibit the activity of this ferment.

2. We ascertained the reiative dependence of the activity of the dlood's phos~
ohatase on the saturation of the organism with ascorbic acid. In patients with
"nure” forme of dysentery, a determination of the phosphatase's activity can
cerve as an indicator of the organism's saturetion with vitamin C,

3?$The activity of the phosphatase is found in correlstive pronortions with
the content of agglutining in the blood of the patients with typhotd fever,

Ihe highest fliguree for the activity of the phosphatase ixzxmxzxx were found

in the patients with a low titer of agglutinins in the blood:; the lower figures
were in the ocatients with a high content of agglutinins. ( ) P

4. With the patients having cyclic forms of typhoid fever, the activity of the
phosphatase increases in the acute period provortionally to the gravity of the
digease.

In the vetionts with the acyclioc forms of typhus abdominalis (the persistent
and relapsing forms), yhe activity of the phosphatase does not always corres-
pond to the gravity of the disease. In the patients with the relansing forms
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of typhoid fever, an increase in tho activity of the alkaline phocphataso of
the blood is found ia the pre-relapee period.

5. The experimentes which were conducted point out the expediency of & further

investigation of the inSsrrelation between the activity of the blood'!'s alkaline
phosphatase and the changes in the organism's resctivity to infectious diseaces/
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Table 1,

The activity of the alkaline phosvhatase of the blood prior to and aftsr
injection of some physiologically sctive substances which alter the conditlon

of the nervous system.

WL s GEp GER S GED WS WS WIS MNP 2 RR W @b

test.
EA?fZ:Eb --------
Bromine

Adrenalin

Acetylcholine
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(median data)

{

I 5.G2 f 0.11
5.06 £ 0.55
5,16 £ 0.15

5.21 £ 0,31

After Ih]cction
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3.6 £ 0.62
7.81 4 0.15
3.82 £ 0,22

The results of the investigation of the activity of the phosphatase in

the different groups of matientm with tynhoid fever.
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The forms of
the disease.
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