
E X P E R I M E N T A L  D A T A  ON B I O C H E M I C A L  

D I S T U R B A N C E S  I N  T E T A N U S  

I .  M. Markelov, G.  N. T s y b u l y a k ,  
and T. N. Krokholeva 

U D C 6 1 6 . 9 8 1 . 5 5 t - 0 9 2 . 9 - D 0 8 . 9 - 0 9 2 . 1 8  

The effect  of hypoxia and a lso ,  evidently,  of tetanus toxin, on many aspec ts  of metabol i sm is e x t r e m e -  
l y  unfavorable.  The creat ine kinase and lactate dehydrogenase  act ivi ty  in the blood se~am ~ z s  increased  
as  a resu l t  of re lease  of the enzyme f rom skeletal  musc le  and also of an increase  in the catalyti~ p o ~ r  of 
the enzyme.  The h~po~a  developing during t e~nus  ted to nonresp i ra to ry  acidosis  and to an inc rease  in the 
potassium con~ent. The blood sugar rose, e~dently on account of a compensatory reaction to the sudden 
and considerable expenditure of energy daring be.tunic convulsio~_m~. 

Among the %~rious patholog/cal dds~arbances arising in tetanus an important place is occupied by bio- 
chemical changes in metabolism. However, the character and causes of these disturbances have not yet 

been explained. 

The. object of the present investigation was to study bioohemic~l changes developing at various periods 
of tetanus in experiment.s on dogs. 

EXPERIMENTAL MATERIAL AND METHOD 

Ilealthy mongrel dogs of both sexes and of differen~ Weights were used in the experiments. Tetanus 
toxin was injected intramuscularly into the animals' rizh~ leg in a dose of I LD for dogs, after which a 
picture of general ascending tetanus developed in all tl~e animals, terminating in death at ~he end of the Ist 

or be~nning of the 2rid week. 

The following biochemical indices were investigated." blood sugar [I0], aeid-basebalanee by As~rup's 
method [6], plasma eleeirol~es [12], activity of lactate dehydroze~e (LDII), creagine k]nase, aidolace, 
and aspartate- and ~lanine-amino-tr~nsferase [II, 23, 24], activity of the iscenzymes o[ lactate dehydro- 
genus e and ereatine kirmse in blood serum and tissue homog~eris.teS [5, 18]~ and also the ~.9_ter-so~_~fO]e pro- 
reins of the heart, liver, skeletal muscle, and kidneys by elec%rophoresis in agar gel [4]. 

E X P E R I M E N T A L  R E S U L T S  A N D  D I S C U S S I O N  

The resul t s  c h a i n e d  revea led  an ~nerease in the blood su~ . r  during tetanus (YG ~_ 4,4 rag'% in health,~ 
dogs , t44 .2  ~8.8 and ! 6 !  ~ 7.2 m ~ c  on the 4th and 7th days of development of te~.nus respec~iveIy).  These 
results agree with e>'4~erimental d~a~. published in the literate.ire [% 8, 19, 20]. According to so~e workers 
hyperglycemia is a nonspee[flc respo~e to a stress s~irnulas. It may be postulated t}.mt tennis: convulsions 
lead ~o a st%dden and excessive expenditure of energy~ g[vin Z rise to ~-ne compensatory response of eleva- 
tion of the blood sugar. 

It ~'as therefore in,cresting to study chants in the ATP con~en~ in the rind and healthy Ikabs. The 
published c!a~ta on this matter are confHe~in~ [7~ 21]. An increg~se }~-ATPase activky in ~eh%nus ~zs hi, an 
observed by seveI~! ~u~hors [14, 16]. I~ ~?~3 ~<Iso bee:~ ~hown ~h~{. the ect~:~pen~tory form~tioa cf high- 
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TABLE 1. Changes in Act ivi ty  of LDH Isoenzymes  and Total  Act i -  
v i ty  of Serum CK and LDH of Dogs during Te tanus ,  M ~.m 

[~ ITotal CK[ Total DH I-- Activity of i~ocnzTmes(in unim/ml) 
Group ~ ~, activity [ activity [ t 

"~ =" " ' LDH l LDH z LDH* LDH 4 [ ~  o ~ vIM I (Ln urm~/ LD~ 
IZOylml/mln)l mD [ I 

Healthy 
Teta=us,a~imals [ 201 1,06+_0,~ 98,3+--5,021,3+_5,116,0+-2522,9•177 23,8• 

.4 days ] 133,9--+7,826,3_+3,f 21,2~2., ~ 27,8+-2,919,2_+I,0] 39,4• 
8,6• 195,9• 31,1+-4,~ 299+3c 31,I+_2,2 " d a .  I 88 3.27• 0,, . . . . .  28.3• 4,0 t 76,2• 

TABLE 2. Indices of Ac id -Base  Balance in N .S .  Pante leeva  [3] have demonst ra ted  a speed ing-  
Dogs with Tetanus ,  1%{ :~m up of the exchange between ADP and CP dar ing  t e -  

: , tunic cont rac t ions  Of the frog g~st rocnemius  musc le .  
o ~ This  reac t ion  is ca ta lyzed  by c rea t ine  kinase (CK). 

Group pH pco, BE �9 During exper imen ta l  poisoning v,~ith tetanus toxin the 
o ,., se rmn  CK act ivi ty  in our  investigations was i nc rea sed  

. . . . . . . . .  ~ . [  ' [ ' 8 t imes  on the 7th day (Table 1). This fact  mus t  be 
Healthy '20 7,30• 0,2 
4 days | 4 [ 7.32-+0,4 ] 38.1--+-0,4 --7.6• a M  to r e l e a se  of enz~zne f rom the tissues, and also �9 
7 �9 I 7 [ 7,27+-0,4 [ 37,4• --10.4• to an inc rease  in c K  act iv i ty  in the t i ssue.  E~:ele~t 

musc le  is known to contain about 50% of the i soen-  
�9 BE denotes excess  o r  def ic iency  of buffer  zyme LDH 5, with the s lowest  e l ec t rophore t i c  mobi -  
bases ,  l i ty  [25]. In t i ssue hypoxia,  LDH leaves the cei ls  fo r  

the blood s t r e a m  [17]. On the 7th day of exper imenta l  
tetanus act iv i ty  of LDH 5 (the i soenzyme ~4th the s lowest  e i ec t rophore t i e  mobili ty) increased  f r o m  23.8 to 
76.2 u n i t s / m l .  Act ivi ty  of LDHr and LDH~ was i n c r e a s e d  at  the Same t ime.  This  re la t ionship could be 
c l ea r ly  seen  as  a r e su l t  of isoenzyme studies of-the blood s e r u m  of all the exper imenta l  animals .  The r e -  
sults  obtained for  the LDH isoenzymes  indicated r e l ease  of LDH mainly  f rom muscle  t i ssue.  Other  ev id-  
ence of this was g ivenbyinves t iga t ion  of the act iv i ty  of CK i s o e n z y m e s .  In this case ,  during the develop"  
mea t  of exper imenta l  tetanus the CK ac t iv i ty  inc reased  main ly  on account  of the muscle  CK iscemzyme, CK 3. 
These  resu l t s  cc, nf i rm t h o s e  obtained dur ing r ecen t ly  published invest igat ions [18]. 

Investigation of a ldotase and a s p a r t a t e -  and a lani .ne-aminot ransferase  act ivi ty showed that the a c t i -  
vi ty  of these enzymes  rose  v e r y  s l ight ly  as  the d isease  p ro g re s sed ,  in genera l  agreement  with published 
findings [22]. 

Evidence of t issue hypoxia in tetanus is given by resu l t s  obtained during investigation of  the ac id -base  
balance by As t rup ' s  mic romethod  (Table 2). 

It is cons idered  that the initial alkalos{.s a r i s ing  during tetanus as  a resu l t  of h~]~erventilation changes 
into non resp i r a to ry  acidosis  [i3], due according to some i n v e s t i ~ t o r s  both to hemod~mamie~ dis turbances  
and to the action of the to,tin [!], In our  Lnvestig~tions a tendency for  the pH to change s i i ~ l y  to,~vard the 
alkaline side appeared  by the 4th day of the exper iment ,  and by the 7th day a defirAta n o n r e s p i r a t o r y  a c i d '  
osis was present (oH 7.27; pCO 2 37.4; BE =--10.4). It is e~dden~ that in tetanus the prevention of changes in 
acid-base bah.ace is a ma~ter of definite importance. Sodium lac~+:~te [2] is sui~ble for this purpose, and 
for the ~rez~men~ of ten,us t~nder c!i~.cs.l condl, tions w:e use iris-buffer (trihs-drox}~ef~yla-~inome~U~ne)o 

B e ~ , : x u s e  of the developing h],loox~ ~n ~e~nus,.it %-as dec~ded to study cleanses . in elec%ro!ytes~ pa~i- 
c ularly in the ser~rn pe:~ss[um and sodium concentru{ion. The pot:assium concen~Aion ~c~.s ~o~r~d to have 
risen on the 7th day to 4~3 ~: 0.2~ .m6q/~i~r, and ~hls ~as accem~znied h/.~ sligh~ f~}l in hh~ sodium level. 

Our s~udy of ~he r of ~.z.ter-~D[uble prc~:ein;~ 9~ the .z!<e[e;:n! ~:L~i.i,,~e~ he;~r% !h:eg, aped ki~eys by 
elect~pi~o~sis .i~% ~r g~l reveglsd no s[~5~,[fii<~n~ c[mnE~:s'i~~ t!~.*i:..<e pv<~ein~o 
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c r ea sed  main ly  on account  of r e l e a s e  of the enzymes  f rom the ske le ta l  musc le  (however, some  inc rea se  in 
the cata lyt ic  power  of the enzymes  cannot be ruled out in addition). 

The hypoxia developing during tetanus leads to n o n r e s p i r a t o r y  ac idos i s  and to an i nc rea se  in the p o t a s -  
siu_rn concentrat ion;  the blood s u g a r  a l so  r i s e s ,  evident ly  b e c a u s e  of a c o m p e n s a t o r y  reac t ion  to the sudden 
and cons iderable  expendit t lre of ene rgy  during te tanic  s p a s m s .  

Because  of the g r ea t  v a r i e t y  of changes taking p lace  in m e t a b o l i s m ,  it  is difficult  to o r ~ n i z e  pa tho -  
genic therapy ,  which mus t  take into account  not only the act ion of the toxin, but a lso  the hypoxic conse - 
quences of te tanus.  
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