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The wide use of novocain as a local anesthetc and therapeutic agent gives rise to many problems requir-
ing investigadon,

It has been shown that alter inwravenous or subcutaneous Injections of novocaln In animals [5, 8, 9] and
man {7, 10] there {s a rapld breakdown Into paraaminobenzoic acid and diethylamincethanol. Both these products
of hydrolysis are less toxic than novocain {wself [6, 18], Tue paraaminobenzolc acid is almost completely elimf-
nated from the organism in the urine, 20-30% of the dlethylaminoethanol Is excreted, and the fate of the re-
mainder Is unknown. There is some evidence that it is absorbed by the tssues — mostly by the spleen, and least
by the skeletal muscles and blood plasma [19]. The length of tme for which it remains {n the body (s unknown,
Theze s some evidence that {ts presence Increases the txicity of novocatn, lowering the value of the lethal
dose by approximate’> 354 [11, 12, 23] '

We have previously shown that the amount of unchanged novocaln excreted in the urlne depends upon the
type of block (whether a paranephric or a nerve block), and that it Is less in patients receiving repeated blocks
at intervals of one to four weeks. These resulls indicate 3 variability in the activity of the novecalnesterase in
the organism, and show the need for investigation of the variability of the enzyme systems responsible for the
brea:down of novocain,

It has been showa recently that novocalnesterase fs present inall tissues, but that its actdvity depends upon
the partcular tissue in which {tis found, The greatest novocainesterase activity is found In the liver, while In
the spleen and brain it has practically no actlvity, There Is also considerable variation in the actvity from one
animal to another, The novocalnesterase of skeletal muscie §s particularly tnactive [1, 22],

R. Hazard and his co-workers [13] have studied the activity of novocalnesterase in blnod serum In vitto
in man and in varicus animals, including birds, These authors consider that the aciivity of this enzyme in man
is such as to cause 80-100% hydrolysis of novocain in a 30-minute Incubation perfod. Rodent blood has a highes
activity than this, while canine blood has a very low value,

The long-malntained excretlon of unchanged novocain in the urine {n dogs [1) {s sume evidence for the
lcw novocalnesterase actvity, though this has a higher value than was found by Hazard in his experiments {n
vito, Evidently the enzyme is very labile, and the actlon may depend on whether it {s in vitro ot In vivo,

P, Hazard [13, 14, 15) considers that the determinadon of the novocalnesterase actlvity of blood may be
used 25 a diagnostic and prognostic test in several diseases, From a wealth of clinlcal material, he and others
have shown that the novocainesterase actvity of blood serum s lowered in conditions aflectng the lver and
thyroid. A pardcularly low value fs found in clirhosis and cancer of the liver [16, 20] and the activity fs lowered
1ar a considerable time in man after cranial wauma [21],
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If, as we may suppose, there are {ndividual differences in the activity of the cuzymes respansible for the
breakdown of novocaln, hen its rate of destructon will vary from one individual to another,

It ! passible that the death of the patlent {ollowing local novocaln apesthesta described by L, G, Kaganova
[2) can be expluined in this way, as can the dizziness and vomldng In several patients after Injections of novocatn,

We have fnvestigated the activity of novacalnesterase in the hydrolysts of novocalin, as well as that of the
enzyme causing the acetylation of paraaminobenzoic acid, which is probably a product of this hydrolysis,

EXPERIMENTAL METHODS

The novocainesterase activity of the blood seruin was determined in blood taken from patients before
starting any treaument, as well as 4-5 days after the [lrst novocain  block; we used the method of R, Hazard [10),
as modified by us [1).

The activity of the novocainesterase was determined by mixing 100 y of novocain with 1 ml of blood serum
and finding how much was hydrolyzed during a five-minute incubation period at 37°C; a determination of the
amount of novocain hydrolyzed during a 30-minute Incubadon perfod was also made, aqd this gave addidonal
information about the extent o which the novocain was broken down,

A quantitative estimation of the action of the enzyme systems causing the hydrolysls and acetylation of
paraaminobenzofc acld in vivo was made by derermining the amouat of unchanged novocaln and free and
acetylated paraaminobenzoic acid excreted In the urine after novocain block. The novocain and fts hydrolysis
products present in both blood and urine were determined by the method previously described (1)

Aliogether, investigations were made in 34 human subjects; the expertmental group consisted of 18 patients
with endarteritis obliterans, and the control group consisted of 16 subjects suffering from varlous ather diseases,
including: abscesses, carcinoma of the stomach, pyloric stenosis, cicauization of the esophagus, duodenal ulcer,
tuberculosis of the joints, and deformation of the hip joint, All subjectr were of approximately the =ame age.
There are varlous classifications of the types and phascs of endarteritls obliterans, We used two classificadons,
the first being that used in the A, V. Vishnevsky Surgical institute, and tie second that proposed by 1. G. Rufanov.

In the f{irst classification, the subjects were divi < as follows: 7 subjects (Group I} with atonic, 6 subjects
(Greup 1) with spastic, and 5 subjects (Group 1) with mixed forms of the diseace.

in the second classification, the subjects were divided as follows: the second period of dlsease — 5 subjects
{Group 1v), third period — 9 subjects (Group V).

patients in whom 2 sympathectomy had been performed were referred 1o a separate group, Group VL

EXPERIMENTAL RESULTS

The percentage amouitts of novocain hydrolized in the five-minute incubaton pericd in the case of
patients with endarteritis obliterans were: for Group 1, 23-56%; for Group [I, £8-619; and for Group III, 42-35%.

These results dessonstzate the Individual-differences in the acuvity ol novecainesterase, The average
values for the results tor activity changes in endarteritls obilterans padents are shown in Fig. 1.

1t can be seen from these results that in all cases the activity of the novocainesterase of the blocd serum
{s below normal., The amount of novocainesterase broken down durlng a 30-minute incubation perlod s below
normal in half of the cases, In all patlents with endarterltls obliterans, the actlvity of the novocalnesterase of
the blood system shows scarcely any reduction after novocafn block, Normaily, Injections of novocaln Increase
the novocainesierase activity of blood serum, and this was observed In the control group,

We also fobrd the length of time for which novocaln and 1is hydrolysis products were excreted In the wine
after novocaln block (Figs. 2 and 3).

In patients with endarteritis obllterans, the unchanged novocaln is excreted in the urine for longer perlods
than {n the control group. In patients in Groups 1 and V, the excretlon of unchanged novocain in the wrine
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, ¢), ‘This lndicates a reduced rate of hydrolysis of novocain in the body, and agrees with
the results found for fovecalnesterase 1n blood serum in vitwro,
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Fig. 1. The effect of novocain block oa the activity of novocainesterase bleod serum

in padents with endarteritis obliterans, Groups I to VI patents with endarterits oblit-
rans, 1} before block, 2) after block.
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Fig. 2. fawe of excretion of unchanges covocaln from the wing aficr block in patients
with endarteritis obllterans, patents of Groups -V

0) Contol gioup; a) groups of endarterits obliterans patlents according 1o the flirst clas-
sificadon; b) groups of patients acoording to the second classificadon; ¢} amount of
novocaln excreted during the whole tme after the block,

The results for the awnlc forms of the disease must be noted (Group 1), The rate of cxcretlon of unchanged
novocalin Is constant for a considerable tme, as Cwugh a novocain renal threshiold had been reached which was
independent of the nrvocaln concenuatlon in the body. This effect is clearly assoclated with changes fn the

954



permeablilty of the blood vessels, In patfents with spastic and mixed forms of the disease (Groups If and 111),
most of the unchanged novocaln Is excreted In the flrat two hours after the block when lts concentration in the
body s highest; after this the excretion rate becomes considerably reduced, tiough {t continues lnnger than in

patienu of the control group. In these, the unchanged novocaln is excreted only for one hour after the block,
and In very small quaniides,
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Fig. 3, Excretion of acetyl paraaminobenzoic acid from the urine after novocaln
block in patdents with endarteritis obliterans (legend as in Fig. 2)

Figur 2, ¢ shows detalls of the excretion of unchanged novocaln in the urine for the whole period after
the block. 1he smallest quantity is excreted in the control group. and the greatest amount In patents with the
spastic form of endarteritis obliterans (Group 1), but in padents with the awnic form of the disease, a smaller
percentage of the novocain s excreted, since the investigation was limited to eight hours after the block, and
the excretion of unchanged novocain not unly had not finished by this tme, but the concenwadon In the urine
had not even begun to fall,

Paraaminobenzolc acid, one of the hydrolysts products of novocain, is excreted in the wine of patlents
with endarteritis obliterans in 2-3 hours, while {n the centrol group the same amount {s excreted in the {lrst hour
after the block. The amount of the acld secieted does not exceed 4 my %, A considerable amount of another
novocaln breakdown product — acetyl paraaminobenzofc acld — is also excreted in the urine, and most of the
novocaln is excreted from the body In this form (Fig. 3).

The excretion of acetyl paraaminobenzolc acid in patents of Groups 1, V and VI, lasts longer than ln the
control group, In ihe flrst groups, the excretion of the acid contnues for eight hours after the block, while in the
control group it is complete in six hours (Fig. 3. a, b). In all the endarterius obliterans patients the percentage
of acetyl pamamiﬁobenzoic acid excreted Is considerably less than normal (Flg. 3, ¢).

Thus, there are Individual differences in the ability to break down novocaln, but in endarteritis obliterans
padents hydrolydc enzyme actlvity is reduced, and there 13 also & considerable reduction in the amount of acetyl
paraaminobenzolc acld excreted after the biock, This latter effect may be due to 3 change in the permeabllity
of the blood vessels. However, it could be due to a general reduction in the processes of acetylation in the
patents, and this in turn may be assoctated with a lack of pantothenic acld or coenzyme A. Wien, as 3 result
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of e hydrolysis of novocain, more than the normal amount of paraaminobenzoic acld s formed, the lack of
pantthenlc acld may result in & reduced amount of acetylation, This has been shown by T, Riggs and D, Hegsted
(17, 18}, Determinatdon of the novocalnesierase activity of the blood indicates how a pauent will react » novo-
caln, and 2ccording to certain investigators, when the activity is low It may be possible to effect an adapiaton
of the enzyme by a prellininary infecton of smail doses of novocain (4, 21]. In Hungary, novocainazoproteln

immune sera have been prepared, which, on {njection, raise the lethal dase of novocaln for rabbits from 60 to
80 mg/ kg.

Thus, according to our observations, il endarteritis obllterans patients the novocainesterase blood serum
acdvity is less than normal, and after novocain block it tends to become lowered further still,

In patients of Groups I and V, the excretion of unchanged novocaln in the urine after the biock continues

for mote than eight hours, The amount of excreted novocaln {s very small, and {s independent of the concenti-
ton of novocaln in the body.

In patients with endarteritis obliterans in all forms and phases of the diszase, with the exception of sympa-

thecwimized patlents, the excretion of paraamincbenzoic acid formed by breakdown of novocalp s considerably
reduced,

SUMMARY

In vitro and in vivo experiments have demonstrated a fall i novocainesterase activating the destruction
of novocain in the blood of patients with endarteritis obliterans. .

The activity of the enzymatic system catalyzing acetylation of paraaminobenzoic acid — one of the pro-
ducts of novocain metabolism —~ is as well inhibited,
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