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The wide use of novocaln as a local anesthetic and therapeutic agent gives rise to many problems requtr- 
lng investigation. 

It has been shown that actor Intravenous or subcutaneous ln.~ecdons of novocatn in animals [5, 8, 9] and 
man [7, 10] there is a rapid breakdown into paraamlnobenzolc acid and dlethylaminoethanoL Both these products 
of hydrolysis are less toxic than novocain itself [~, 19]. The paraamlnobenzole acid is ah,~ost completely elimi- 
nated from the organism tn the urine, 20-30% of the diethylaminoethanol is excreted, and the fate of the seo 
ma,.'nder [s unknown. There is ~ m e  evidence that it is absorbed by ~e  tissue~ - mostly by the spleen, and least 
by the skeletal muscles and blood plasma [19]. The length of time for which it remains In the body Is un~c~wa. 
There is ~ m e  evidence that Its presence increases the toxicity of novocain0 lowerh'~g the value of the lethal 
dose by approximate~: ' 3~o [11, 12, 2.3]. 

We have previously shown that the amount of unchanged novoca!n excreted in the ,urine depends ul~n the 
type of block (whether a par~nephric or a nerve block), and that it is less in padems receiving repeated blocks 
at intervals of one to four weeks. The~ results indicate a variability in the activity of the r~ovoc~inestera~e In 
Lhe organism, and show the need for Investigation of the variability of the en~.yme systems responsible for the 
b;ea::~o~n of novocain. 

It has been shown rezently that novocainestera~e Is present in all thsues, but that its activity depends upon 
the particular tissue in which it ts found. The greatest novocatnes~erase activity is found In the liver, while In 
the spleen and brain it has practically no activity.. There is also considerable variation in the activity from one 
anima! to another. The novocatnesterase of skeletal muscle 1, particularly Inactive [I ,  22]. 

IL Hazard and his co-workers [13] have studied the activity of novocalnesterase ~,1 blood .~erum in vttzo 
In man and In various animals, Including blrdL These authors consider that the activity of thl~ enzyme In man 
is such as to cause 80-10C~ hydrolysis of novocaln in a 30-minute incubation period. Rodent blood has a hlghez 
activity than this, while canine blood has a very low value. 

The long-maintained excretion of unchanged novocaln in the urine In dogs [1] Is wine evidence for the 
lc'.~ novocalnesterase activity, though this has a higher value than was found by Hazard in his experiments 
vitro. Evidently ~ e  enzyme is very labile, and the acaon may depend on whether it Is tn vitro or In rive. 

~. Hazard [13, 14. 15] considers that the determination of the novocainesterase activity Glf blood may be 
used as a diagnostic and prognostic test In several diseases. From a wealth of clinical material, he and others 
have shown ~a t  the novocainesterase activity of blood serum Is lowered Ks conditlom affecting the liver and 
thyroid. A particularly low value is found In cirrhosis and cancer of the liver [16, 20] and the activity It k~wered 
t,)r a considerable time In man after cranial trauma [21]. 
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1r a,  we may suppose, there are individual differences in the activity of the enzymes responsible for the 
breakdown of novoealn, '.hen lu rate of detuucdon will vary from one Individual to al~othcr, 

It !s possible that the death of tile patient following local novoealn a,esthesia described by L, G. gaganovl 
[2] can be expl~,ined in this way, as call rite dizziness and vomiting In several paOents after Injections of novoealn. 

We have hlvestlgated the activity of novocalnestcrase in the hydrolyds of novocaln, as well as that of the 
enzyme eausb~g the acetylation of paraamlnobenzolc acid, which is probably a product of this hydrolysis. 

EXPERIMENTAL METHODS 

The novocainesterase activity of the blood sermn was detenn~.~ed in blood taken from patients before 
s!artlng any treaunenL as well as 4-5 days after the first novocai, block; we used the method of R. Hazard [I0}, 

as modif!ed by us [1|. 

The activity of the ,ovocainestera~e was determined by mixing 100 7 of t~ovocain with I ml of blood serum 
and finding bow much was hydrolyzed during a five-minute incubation period at 3"rc;  a determination of fl~e 
amount of novoealn hydrolyzed during a 30-mi:~ute Incubation period was also made. and this gave additional 
information about the extent to which the novocain was broken down. 

A quantitative estimation of the action of the enzyme systems causing the hydrolysis and acetylatloa of 
paraaminobenzoic acid in vivo was made by determining the amount of m~changed novocain and free and 
acetylated paraaminobenzoic acid excreted in the urine after novocain block. The novocafn and its hydrolysis 
products present in both blood and urine were determined by the method previously described [1]. 

Altogether, investigations were made in 34 human subjects; the experimental group consisted of 18 patlenta 
wluh endarteritis obllterans, and the contro ! group consisted of 16 subjects suffering from variou~ oth~ diseases, 
Including: absces+es, carcinoma of the stomach, pyloric stcnosis, cicatrization of the esophagus~ duodenal nicer, 
tuberculo.qs of the Joints, and deformation of the hip joint. All subject.* were of approximately the ~.ame age. 
There are various classifications of the types and phases of endartettds obliterans. We used two elasslflcadonso 
the first being that used tn file A. V. Vlshnevsky Surgical Institute, and the second that proposed by t .  G. Rufanov. 

In the first clasdflcation, the subjecu were di:i ..~ as follows: 7 subjects (Group I, ~ with atonic, 6 subject~ 
(Group II) with spastic, and 5 subjects (Group 1II) with mixed forms of fl~e dlsea~. 

In the second classification, the subjects were divided as follows: the second period of disea~ - 5 subjects 
(Group IV), third period - 9 subjects (Group V). 

Patients in whom a sympathectomy had been performed were referred to a s,'parate group, Group VI, 

E X P E R I M E N T A L  RESULTS 

The percentage amounts of novocain hydrollzed in the five-minute incubation period in the ease of 
patienu with endartcrltis obliterans were: for Group I. 23-56q,; for Group [I. 28-G1~]~; and for Group IIL 42-55%. 

These results de~ ,,ass:ate tile individual differences in the activity o," novocalnesterase. The average 
values for the results mr activity cha~ges in endarteritls obiltcraus patients are shown in Fig. I. 

It can be seen from :.hese result* that in all cases the activity of the aovocalnesterase of the blo~d serum 
Is below normal. The amount of ~vocafnesterase broken down during a 80-minute Incubation period is below 
normal in half of d~e cases. In all patients with endarteritls obliterans, g~e activity of the novocainestera~ of 
the blood system shows scarcely any reduction after novocain block. Normally, injections of novocain tncrea~e 
the novocaine~terase autlvi~" of blood serum, and this was observed In the control group. 

We also fobLd the ~ength of time for which novocaln and its hydrolysis products were excreted in the urine 

after novocain block (Figs. 2 and 3). 

In patients with endarteritis obliterans, the unchanged novocain is excreted in the urine for longer periods 
than in the control group. In patients in Groups I and V, the excretion of unchanged novocaia in the urlne 
continues as long as eight hours after the block (Fig. 2, a, b), but does not exceed the amount excreted in the 
control group (Fig. 2, c), This Indicates a reduced rate of hydrolysis of novocain in the body~ and agreei with 
the results found for novocainesterase in blood serum in vitro. 
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Fig. 1. The effect of novocala b~r o~ ~e  activity of novoca|nesteram blood serum 
ta p a t e n s  with endarteritis oblJtetz~-a. Groups I to VI patients with eadartertds oblit- 
er~'z~. 1} ~rore  block, 2) after bl~ck. 
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Fig. 2. p.a~ of excretion of uncF~ng~: r, ovoc~in from the urine after block in patlents 
wl~h endartetRis oblIteran~, pati~ of G,'oups l-Vl. 
O) Cvnt#ol group; a) g~oups of endatt~i~s obliterans patienls according to the fkst cl~s+ 
slficatton; b) g~oup= of patlenu acco:r to the second classification; c) amount of 
r.ovoc~In excteb~d d~ng ~e w~',ole ti~e after ~e block. 

The resul~ for ~e atonic forms of the dlse~.e ~J,.~t be nomd {Group I). The rate of cxctetlon of unchange4 
novo~In Is constant for a comMerable time, as ~'~o~ a rovoca'.n renal threshold had becn reached which was 
lnde;cndent of ~ e  ~cvoca~n concenuatto~ tn ~e  b~y .  This effect Is clearly associated with changes In the 



pem, eabil i~ of the blood vetsels. In patlentt with .~pastlc and mixed form~ of the disease (Gro:tp~ 11 a~d III), 
mo,t  of the unchanged novoealn Is excreted In the first two houri after the block when lu concentration in the 
body 11 hi#lest; after thlt the excretion rate becomes condderably redueed~ though it continuer l~nger than in 
patlenu of the control group. In there, the unchanged novocaln Is excreted only for one hour after the hlock~ 
Ind In very small quantities. 
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Fig. 3. Excretion of acetyl paraaminol:.enT~oic acid from ~ e  urine after novocain 
block in patients with endarteritis obliterans (legesxd as in Fig. 2). 

Figur 2, c shows details of the excretion of unchanged novocain in the urine for the whole period after 
the block. 1he smallest quantity is excreted in the cont~ol group, and the grzatest amount in patients with the 
spastic form of endarteritls obliterans (Group II). but in patients with the a~onlc form of ~e  disease, a smaller 
percentage of the novocain ts excreted, since the inves~g2tio:l was limited to eight hours after the block, and 
the excretion of unchanged novoca'.n not only had not firxifl, ed by gnis time, but the concen~adon in the mine 
had not even begun to fall. 

Paraamir~obenzoic acid, one of the hydrolysis p~od~c~ of novocain, is excreted in the tgine of patient, 
with endarterttis obliterans in 2-3 hums, while in the cont~ol group ~he ~ame amount i~ excteled in the ,qrst hour 
after the block. The amount of the acid secieted goes not exceed 4 z~g ~:. A considerable amount of a~other 
novocatn breakdown product-  acetyI paraaminobenzoie acid - is ~il~ excreted in the tirlne, an~ mutt of the 
novocain 15 excreted from the body in this form (Fig. 31. 

The excretion of acetyl paraaminobenzoic acid in patientJ of Gro~*ps I, V and VL lasu longer than in the 
control group. In she first groups, the excretion of the acid conttn~es for eight hums after the block, while in the 
control grou# it 15 complete in six hours (Fig. 3. a, b). In all the endarierltis obliteral~t patient, the percentage 
of acetyl pa~aaminobenzoie acid excreted Is considerably less than normal (Fig. 3, c), 

Thus. there are individual differencet in the ability to break down r, ovoeain~ but in endattetid, obUterani 
p~6en~ ~.ydrolydc enzyme ae~vity Is reduced, and there h also a considerable reducdon in the amount of acetyl 
pataaminobenz~le acid excreted after the block. This latter effect may be dee to a change in the permeablUty 
of the blood vessels. However, It could be due to a general reduction in ~e  proce~ves of acetylatlon in ~e  
paflentl, and this in tmn may be associated with a lack of pantothenlc acid or coenz~me A. When, as a result 

955 



of ~,e hydrolysis of novocain, more than the normal amount of paraamlnobenzole acid Is fom~ed, the lack of 
pantothenle acid may teJult In a reduced amount of acetylatlon. This hat been shown by T, alggs and D. Hegtted 
[1'7, 18]. DeterminaUon of the ~ovocalne~erase activity of the blood indicates how a patient will react t~ now-  
cain. and accordlng to certain investigators, when the acUvlty Is low It may be possible to effect an adaptation 
of the enzyme by a preliminary injecUon of ~mall doses of novocMn [4, 21]. In Ifungaryo novocainazoproteln 
Immune tera have been l~epated, which, on Injection, raise the lethal dose of novocain for rabbits from 60 l~ 
80 m~J k S, 

Thus. accocd:ng to our observations, it, endarterltls obliterans patients the novocalnesterase blood serum 
activity Is less than normal, and after novocatn block it tends to become lowered further t r i l l  

In patients of Groups I and V, the excretion of unchanged novocain In the urine after the block condntmlt 
for more than eight hours. The amount of excreted novoealn 1$ very small, and is independent of the concentil-  
don of aovocain In the body. 

In patients with endarteritls obllterans in all forms and phases of the d i l a t e ,  with the exception of s)qnpa- 
thectomized patients, the excretion of paraaminobenz01c acid formed by breakdown of novocai~ it considerably 
reduced. 

SUMMARY 

In vitro and in vivo exl~erin3ents have demonstrated a fall i,t novocaine~tera~ activating the de~tructloa 
of novocain in the blood of patients with endarteriti$ obliter~m. 

The activity of the eozymaUc system catalyzh~g acetylatton of paraaminobenzoic acid - one of the pro- 
ducts of novocain metabolism - is as well inhibited, 
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