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Abstract—The tertiary amine local anesthetics, dibucaine, tetracaine and procaine, have been shown
to exert a reversible inhibition of phagocytosis of opsonized sheep red blood cells by cultured mouse
peritoneal macrophages. The observed inhibition was due primarily to a functional alteration of the
macrophage. The potencies of the three local anesthetics for inhibition of phagocytic uptake were
proportional to their lipophilic nature as measured by octanol-water partition. Inhibition of phago-
cytosis by tetracaine was antagonized by Ca?*. The above observations suggest that the general
properties which characterize the action of tertiary amines as anesthetics, namely lipophilic nature
and antagonism by Ca?*, are also those attributable to the inhibition of macrophage phagocytosis in

vitro.

The pharmacologic effects of tertiary amine local
anesthetics have generally been considered to
result from their interaction with membrane
lipids[1-5], particularly the acidic phospholipid
head group[2-5]. Recent observations indicate that
local anesthetics can also affect cellular cyto-
skeletal organization[6-8]. Hence, it has been
suggested[6] that the previously reported in-
hibitory effects of local anesthetics on cell spread-
ing and motility[9-11], cell aggregation[12] and
exocytosis[13] might be reasonably reevaluated in
terms of the action of these drugs on cellular
cytoskeletal organization in addition to membrane
lipids, since similar inhibition of these processes
can be produced by treatment with drugs acting on
microtubules and/or microfilaments[13-16].

Examination of phagocytizing macrophages has
revealed a system of microtubules and microfila-
ments surrounding the particle being ingested {17].
The active participation of microtubules and
microfilaments in phagocytosis has been suggested
through the inhibition of this process by disruption
of either microtubule or microfilament organiza-
tion. Alkaloid drugs such as colchicine and vin-
blastine, which cause a depolymerization of
microtubule protein, do not affect phagocytosis
per se, but modify the internalization of membrane
receptors[18, 19]. Cytochalasin B, which disrupts
microfilament organization, has been shown to
reversibly inhibit phagocytosis[20, 21].

The inhibition of phagocytosis by tertiary
amines has been mentioned briefly in connection
with other studies[22,23]; however, detailed in-
formation on their action is lacking. The present
study was designed to evaluate the effects of the
tertiary amine local anesthetics, tetracaine,
dibucaine and procaine, on macrophage phagocy-
tic uptake of opsonized sheep red blood cells
(SRB(C), and to gain some understanding of the
action of tertiary amine local anesthetics on
biological membranes.

* Present address: Dept. of Pathology, Georgetown
University School of Medicine and Dentistry, Washington,
D.C. 20007.

MATERIALS AND METHODS

Reagents. Dibucaine HCI and procaine HCI
were a generous gift of Dr. George Poste (Roswell
Park Memorial Institute, Bufflo, NY). Tetracaine
HCI was purchased from K & K Laboratories,
Inc. (Plainview, NY). Anhydrous calcium
chloride, reagent grade, was purchased from Baker
& Adamson (Morristown, NJI). Na,[*'Cr]O, (sp.
act. 380mCi/mg) was purchased from New
England Nuclear (Boston, MA). Eagle’s minimum
essential medium without calcium and magnesium
was purchased from Flow Laboratories (Rockville,
MD).

Animals. Inbred C57BL{6 mice were obtained
from the Experimental Animal Production Area,
Frederick Cancer Research Center, Frederick,
MD.

Preparation and purification of macrophage
cultures. Macrophages were obtained from normal
C57BL/6 mice. Three ml of thioglycollate medium
(Baltimore Biological, Cockeysville, MD) was in-
jected intraperitoneally (i.p.) into each mouse and
S days later the animals were killed by ether
inhalation. Their peritoneal exudate cells (PEC)
were harvested by lavage with Hanks’ balanced
salt solution (HBSS) (Grand Island Biological,
Grand Island, NY) containing 2 units/ml of heparin
(Schein, Flushing, NY). The PEC were centrifuged
at 250 g and resuspended in Fagie’s minimum
essential medium supplemented with 10% fetal
calf serum, sodium pyruvate, nonessential amino
acids, penicillin-streptomycin, L-glutamine and
twice the vitamins, designated CMEM (Flow
Laboratories, Rockville, MD). PEC were plated
into 16-mm dia. polystyrene culture dishes (Costar,
Cambridge, MA) at a concentration of 5
10° PEC/dish in 1.0 ml. After a 30-min incubation
at 37° in an atmosphere of 5% CO,, the resultant
monolayers were rinsed once and re-fed with an
equal volume of CMEM to remove nonadherent
cells. The remaining adherent cells were capable
of phagocytizing carbon, had the typical macro-
phage morphology{24], and were used in the
subsequent studies.

Preparation of opsonized *'Cr-labeled sheed red
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blood cells. SRBC were maintained in Alsever’s
solution (Grand Island Biological, Grand Island,
NY) at 4°. Opsonization was accomplished by a
60-min incubation at 37° of S0ml of a 2% v/v
SRBC suspension with 0.1 ml of 1:10 dilution of
mouse anti-SRBC-serum. The antiserum was pre-
pared by injecting mice i.p. 7 days earlier with
0.25 mi of 10% v/v washed SRBC. The suspension
was centrifuged, and the supernatant fraction was
discarded. Radioactive labeling of the SRBC was
accomplished by adding 200 uCi Nao[*'CrlO,
(1 mCi/ml) for an incubation period of 2 hr at 37°.
The opsonized SRBC were then washed three
times in 50 ml of cold (4°) HBSS to remove excess
*'Cr. and the final volume was adjusted to yield a
2% v/|v suspension of SRBC.

Quantitative assay for macrophage phagocytic
uptake. Twenty-four hr after initial plating, macro-
phage cultures were rinsed and re-fed with either
1.0 ml CMEM or 1.0 ml CMEM containing various
concentrations of the local anesthetics. After a
2-hr incubation, macrophage cultures were rinsed
and re-fed with either 1.0ml CMEM or 1.0ml
CMEM with local anesthetics. Two-tenths ml of
2% opsonized SRBC was added to each macro-
phage culture. The plates were swirled to ensure
uniform distribution of the SRBC. The surface of
the culture plate was completely covered with
SRBC after the addition of 0.2 ml of a 2% suspen-
sion. After a 2-hr incubation at 37°, the cultures
were washed three times with 1.0 ml HBSS pre-
warmed to 37° to remove nonphagocytized SRBC.
The remaining adherent cells were lysed by in-
cubating the monolayer with 1.0 ml of 1.0 N NaOH
at 37°. The lysate was pipetted directly into 16
125 mm polystyrene test tubes (Falcon Plastics,
Oxnard, CA) and radioactivity was determined
using a Searle Analytic model 1185 counter with
an Nal (T1) well-type detector.

Calculation of percentage inhibition.

Per cent inhibition

51
_ cpm " 'Cr test macrophage

=(1- = 0
cpm ” Cr normal macrophage
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Statistical analysis. Results were analyzed for
statistical significance by Student’s f-test (two-
tailed).

RESULTS

Local anesthetics have been reported to release
cells attached to a substratum and have been used
to harvest cultured macrophages[10,25,26). It
was, therefore, necessary to determine first the
concentrations of the local anesthetics which did
not cause detachment of the macrophages from
the culture plate, and thus to establish an upper
limit to usable concentrations. The upper limits
were established to be 1.0 mM tetracaine, 1.0 mM
dibucaine and 10 mM procaine over a 48-hr in-
terval.

Effect of local anesthetics on phagocytosis of
opsonized SRBC by macrophages. In the initial
experiment, macrophage cultures were incubated
for 2hr with CMEM containing appropriate
concentrations of dibucaine, tetracaine or pro-
caine. The cultures were rinsed and challenged
with the phagocytic stimulus in either the previous
incubation concentration of the local anesthetic
(Table 1) or CMEM alone (Table 2). Dibucaine
treatment caused the greatest inhibition of
macrophage phagocytosis, whereas procaine exer-
ted the least effect; tetracaine was found to have
an intermediate effect. The different potencies of
the local anesthetics corresponded well with their
lipophilic natures as measured by octanol-water
partition coeflicients{9].

A comparison of the levels of inhibition of
macrophage phagocytosis in Table 1 with those in
Table 2 suggested three possible explanations. First,
when the cultures were washed free of the local
anesthetics and phagocytosis was allowed to occur
in CMEM (Table 2), a reversal of local anesthetic-
induced inhibition of phagocytosis could have
begun to occur. Second, when phagocytosis was
allowed to occur in the pretreatment concentration
of the local anesthetic (Table 1), an effect could
also be exerted on the opsonized SRBC that

Table 1. Inhibition of macrophage phagocytic uptake of opsonized [*'Cr]SRBC by local
anesthetics*

Average *'Cr activity in lysate at 2 hrf (cpm = S.D.)

Local anesthetic

Treatment Assay
concn (mM) concn (mM) Dibucaine Tetracaine Procaine
10.0 10.0 Not done Not done 241 +74% (98)%
1.0 i.0 2+ 11 (99)§ 1£ 1% (99)8 7225 + 11017 (26)8
0.1 0.1 842+ 1231 (92)§ 23654201 (76)8 87377799 (10)§
0.05 0.05 2340 + 4271 (76)§ 4516 = 3601 (54)§ Not done
0.0t 0.01 7407 + 914 (24)% 6915958V (29)§ 9379 + 4849 (3)§

*SRBC input gave an activity of 22,718 = 247; SRBC and macrophage cultures incubated in

CMEM for 2 hr gave an activity of 9667 + 591.

tMacrophage cultures were incubated for 2 hr in the local anesthetic, after which the
phagocytic assay was incubated in the same concentration. Two-tenths ml of a 2% opsonized
SRBC suspension, labeled with 200 uCi Na,[*'Cr]O, (1 mCi/ml), was added to each culture

dish. Values are means of triplicate cultures.

tCounts significantly reduced from control value (P < 0.001).
§Percentage inhibition calculated as described in Materials and Methods.
ICounts significantly reduced from control value (P < 0.05).

qNo statistical significance.
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Table 2. Inhibition of macrophage phagocytic uptake of opsonized [*'Cr]SRBC by local
anesthetics after removal of the drugs*

Average V'Cr activity in lysate at 2hrf {cpm = S. D))

Local anesthetic

Treatment Assay
conen (mM) conen Dibucaine Tetracaine Procaine
10.0 None, CMEM Not done Not done 4966 + 3951 (49)§
1.0 None, CMEM 6x 6% (99)§ 1215 (9% 8437 + 74 (13)8
0.1 None, CMEM 2731169t (72)§ 52692241 (46)8§ 89723434 (8)%
0.05 None, CMEM 6065+ 45t (38)§ 7622+ 543 (22)% Not done
0.01 None, CMEM 8251 +532(15)§ 8608 + 14949 (11)§ 9903 £ 2209 (-2)8§

*SRBC input gave an activity of 22,718 +247; SRBC and macrophage cultures incubated in
CMEM for 2 hr gave an activity of 9667 + 591,

tMacrophage cultures were incubated for 2hr in the local anesthetic after which the
phagocytic assay was incubated in CMEM. Two-tenths ml of a 2% opsonized SRBC
suspension, labeled with 200 uCi Na,[*'Cr}jO, (1 mCi/ml), was added to each culture dish.
Values are means of triplicate cultures.

$Counts significantly reduced from control value (P <0.001).

§Percentage inhibition calculated as described in Materials and Methods.

ICounts significantly reduced from control value (P < 0.05).

No statistical significance.

Table 3. Effect of local anesthetic-treated opsonized SRBC on macrophage phagocytic
uptake*

Average *'Cr activity in lysate at 2 hrf (cpm = 8. D.)

SRBC Local anesthetic
treatment Assay
concn (mM) concn Dibucaine Tetracaine Procaine
10.0 None, CMEM Not done Not done 1955 + 1941 (28)§

1.0 None, CMEM 1796 + 1214 (35)§ 2094 = 132V (25)§ 2679+ 5419 (3)§
0.1 None, CMEM 3166+ 1409 (—14)§ 2891+ 3184 (—4)§ 2464+ 1969 (11)§
0.05 None, CMEM 2514+ 969 (9)§ 2603 = 1099 (6)§ Not done
0.01 None, CMEM 2717+ 5359 (2)§ 2739+ 4759 (1)8 2592 + B34 (6)%

*SRBC input gave an activity of 13,811::336; SRBC incubated in CMEM for 2 hr and
macrophage cultures gave an activity of 2756 + 308.

TSuspensions of opsonized SRBC were incubated 2 hr in the local anesthetic, washed and
resuspended in CMEM. The phagocytic assay was incubated in CMEM. Two-tenths ml of a
2% opsonized SRBC suspension, labeled with 200 uCi Na,[*'Cr]0, (1 mCi/ml), was added to
each culture dish. Values are means of triplicate cultures.
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$Counts significantly reduced from control value (P < 0.025).
§Percentafge _inhibition calculated as described in Materials and Methods.
Counts significantly reduced from control value (P < 0.05).

No statistical significance.

enabled them to avoid engulfment. Third, local
anesthetic interaction with SRBC might have
caused leakage of *'Cr, which could be interpreted
as an apparent inhibition of phagocytosis.

To distinguish between these possibilities, we
performed the following study. Opsonized, *'Cr-
labeled suspensions of SRBC were incubated for
2 hr in the various local anesthetics. The phagocy-
tosis assay was then carried out in CMEM. The
data (Table 3) demonstrate: (1) treatment of
SRBC with the local anesthetics did not result in
3ICr leakage from the cells over the time interval
studied: (2) at the highest concentrations only
(1.0 mM dibucaine or tetracaine and 10 mM pro-
caine), significant inhibition of phagocytosis by
local anesthetics (35, 25 and 28% respectively) was
observed; and (3) at all other concentrations of local
anesthetics, macrophage phagocytosis was not in-
hibited.

The above data suggested that the inhibition of

macrophage phagocytosis by the local anesthetics
was reversible (Tables 1 and 2) and was due to a
functional alteration of the macrophages. To
determine the extent to which the macrophages
could recover, cultures of macrophages were in-
cubated with local anesthetics for 2hr. The
cultures were rinsed and re-fed with CMEM. Two
hr later, opsonized, *'Cr-labeled SRBC in CMEM
were overlaid on the monolayer (Table 4). At 1.0 mM
tetracaine and dibucaine, no recovery was observed.
At all other concentrations, recovery of phagocytic
function was observed. To compare the action of the
three local anesthetics to each other, the concen-
trations required to give 50 per cent inhibition were
determined graphically to be 0.08 mM for dibucaine,
0.2mM for tetracaine and 10 mM for procaine
(Table 5). Microscopic examination of the
monolayers suggested that inhibition of phagocy-
tosis was uniform from cell to cell; i.e. when
phagocytosis was inhibited by approximately 50 per
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Table 4. Reversibility to local anesthetic-induced inhibition of macrophage phagocytosis of
opsonized [*'Cr]SRBC*

Average *'Cr activity in lysate at 2 hrt (cpm+S. D.)

Local anesthetic

Treatment Assay
concn (mM) concn Dibucaine Tetracaine Procaine
10.0 None, CMEM M"{ don Not done 6315 £ 652% (4038
1.0 None, CMEM 141 (99)§ 642261 (99)§ 9626+ 2604 (8)§
0.1 None, CMEM 4610: 10711 (56)§ 8876 = 3111 (15)% 9324+ 132% (11)%
0.05 None. CMEM 7546+ 989" (18)§ 93315729 (1§ Not done
0.01 None, CMEM 9608 + 629 (8)§ 9865 + 6157 (6)§ 9006 + 1841 (14)§

*SRBC input gave an activity of 22,730 +702; SRBC and macrophage cultures incubated in
CMEM for 2 hr gave an activity of 10,397 +74.

tMacrophage cultures were incubated 2 hr in the local anesthetic and allowed to recover
for 2hr in CMEM. The phagocytic assay was incubated in CMEM. Two-tenths ml of a 2%
opsonized SRBC suspension, labeled with 200 uCi Na,{*'Cr]O, (1 mCi/ml), was added to each
culture dish. Values are means of triplicate cultures.

tCounts significantly reduced from control value (P < 0.001).

nta an calenlatad Adacaribkad @ Maotariale
§Perce..tage inhibition calculated as described in Mater idi$ ai

ICounts significantly reduced from control value (P < 0.01).
No statistical significance.
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Table 5. Per cent recovery of macrophage phagocytic Uptdke observed at
50 per cent inhibition dose for dibucaine, tetracaine and procaine after a 2-hr
recovery incubation in CMEM

Percentage recovery of
phdgocytic uptake at

NOZ shibkitinm A~

50% Inhibition dose

nnnnnnn 4

ati~ {na RANY
Local anesthetic \ifiiviy

‘U/U 1NNIULILIUIE UU\L
Tetracaine 0.20 56
Dibucaine 0.08 38
Procaine 10.00 20

cent, it appeared that a reduced number of SRBC
were ingested per macrophage rather than there

being a reduction in the number of macrophages
nhnonr-vtwmo

AZOCYLIZINE.,

Effect of Ca®" on local anesthetic-induced in-
hibition  of  macrophage phagocytosis. The

antaoggnicm hat e A1 1 thati 3
afniagonism oeiween a ana 10¢ar anesinelics 1s

well documented{1, 3, 27-29] and was investigated
here to determine its parucrpatron in phagocytosis

llllllUlllUll lVldL«l Upuagc \,UllulCG WClb ul\,ubatcd
with the various local anesthetics in CMEM or in
Ca’*-Mg™" free medium The cultures were rinsed
and opsonized: *'Cr-labeled SRBC suspended in
CMEM or in Ca* ~Mg** free medium were added.
A marked increase in inhibition of macrophage
phagocytosis was observed after macrophage in-
cubation with the local anesthetics in the absence
of Ca®™ (Table 6). When the macrophage in-
cubation was with 0.1 mM tetracaine in Ca**-Mg™*
free medium, the inhibition of phagocytosis was 70
per cent compared to 19 per cent inhibition after
macrophage incubation with identicai ieveis of
tetracaine suspended in CMEM. This relationship is
seen for dibucaine and procaine as well (Table 6).
When macrophage cultures were incubated for 2 hr
with local anesthetics in CMEM or Ca*'-Mg** free
medium, then presented with opsonized *'Cr-labeled
SRBC in the same medium, no significant variation
in inhibition of phagocytosis was observed (data not
shown); i.e. continuous incubation in the local
anesthetic, regardless of the presence of Ca®', gave
identical results. i

The difference in the levels of inhibition obser-

ved between CMEM and Ca’*-Mg*" free medium
in the assay (Table 6) suggested that Ca®"
antagonized the effects of local anesthetics. The
assay was therefore performed by supplementing
Ca®"- -Mg** free medium with different concen-
trations of Ca®" to determine if the inhibition could
be reversed.

Table 7 records the resulting activity and the
corresponding percentage inhibition of phagocy-

when ma nhaona culturee wara incnhatad
tosis when macropnage CUuitures were incuocated

with 0.1 mM tetracaine in Ca**-Mg** free medium
supplemented with varying concentrations of Ca’>"
Because the action of all three drugs appears to be
similar, only tetracaine was used in these experi-
ments. Incubation of macrophage cultures in
varying concentrations of Ca ** without tetracaine
had no significant effect on their phagocytosis of
opsonized SRBC. Incubation of macrophage
CUIthCS wun U i ml\’l [Cll’delﬂC d,ﬂu U i lel \,a
resulted in a 39 per cent inhibition of phagocytosis.
By incubating the macrophage cultures in 0.1 mM
tetracaine suppiemented with Ca’” at concentra-
tions greater than or equal to 1.0mM, no
significant inhibition of phagocytosis was obser-
ved. Therefore, the inhibition was antagonized by
Ca’™, resulting in full restoration of macrophage
capability.

DISCUSSION
The multitude of functions in which the macro-
phage participates intimately involves the cellular
periphery. Phagocytosis, pinocytosis, antigen
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Table 6. Effect of Ca®" on local anesthetic-induced inhibition of macrophage phagocytic uptake*

Treatment conc (mM)

Assay concn

Average ’'Cr activity in
lysate at 2 hrt
(cpm=S. D))

None, CMEM
None, Ca**-Mg** free
Tetracaine (0.1) (CMEM)?

Tetracaine (0.1) (Ca®*-Mg?* free)q

Dibucaine (0.1) (CMEM)#
Dibucaine (0.1) (Ca**~-Mg** free)y
Procaine (10.1) (CMEM)i
Procaine (10.1) (Ca**~Mg** free)q

None, CMEM
None, Ca**-Mg?** free
None, CMEM
None, Ca¥*-Mg** free
None, CMEM
None, Ca**-Mg?* free
None, CMEM
None, Ca>*-Mg”* free

16,380 + 2176

15,639 + 2707

13,343 + 23828 (19)!
4765 = 1333** (70)
6539+ 216011 (61)1
3885 + 279** (76)
6761 + 873** (59!
3369 % 130** (79)

*SRBC input gave an activity of 44,509 + 423.
tMacrophage cultures were incubated 2 hr in the local anesthetic, after which the phagocytic
assay was incubated in medium alone. Two-tenths ml of a 2% opsonized SRBC suspension, labeled
with 200 uCi Na,[*'Cr]O, (1 mCi/ml), was added to each culture dish. Values are means of triplicate

cultures.

tAppropriate concentration of the local anesthetic was prepared in CMEM.

§No statistical significance.

IPercentage inhibition calculated as described in Materials and Methods.

Appropriate concentration of the local anesthetic was prepared in Ca**~Mg”* free medium.
**Counts significantly reduced from control value (P > 0.001).
t+Counts significantly reduced from control value (P > 0.005).

Table 7. Ca?*-dependent reversibility of local anesthetic-induced inhibition of macrophage phagocytic

uptake*

Treatment concn

Assay concn

Average *'Cr activity
in lysate at 2 hrt
(cpm=S.D.)

None, Ca>*-Mg”* free

0.1 mM Tetracaine (Ca**-Mg?* free)}

None, 0.1 mM Ca®*q

0.1 mM Tetracaine + 0.1 mM Ca®*
None, 1.5 mM Ca®'q

0.1 mM Tetracaine + 1.0 mM Ca®*f
None, 1.5 mM Ca®*q

0.1 mM Tetracaine + 1.5 mM Ca**{
None, 2.0 mM Ca®>*q

0.1 mM Tetracaine + 2.0 mM Ca’*f
None, 5.0 mM Ca®*q

0.1 mM Tetracaine + 5.0 mM Ca®"t

None, Ca’*-Mg?** free
None, Ca?*-Mg?* free
None, Ca>*~-Mg?* free
None, Ca?*-Mg** free
None, Ca>-Mg?* free
None, Ca?*-Mg?* free
None, Ca?*-Mg?* free
None, Ca**-Mg?* free
None, Ca?*-Mg?* free
None, Ca*"~-Mg?* free
None, Ca’*-Mg?** free
None, Ca®*-Mg?* free

16,959 + 2389
9188 + 401§ (46)*
14,703 + 599
8970 = 584** (39)
15,654 =+ 486
13,950 £ 22324+ (1)
15,467 = 473
15,544 = 814+1 (O}
15,809 + 1644
16,741 £ 212111 (=5)!
13,463 + 1158
11,193 = 180211 (17)

*SRBC input gave an activity of 63,221 +853.
tMacrophage cultures were incubated 2 hr in the local anesthetic, after which the phagocytic assay was
incubated in medium alone. Two-tenths ml of a 2% opsonized SRBC suspension, labeled with 200 pCi

Na,[*!Cr]O; (1 mCi/ml), was added to each culture dish. Values are means of triplicate cultures.
tAppropriate concentration of the local anesthetic supplemented with Ca®>* was made up in Ca>*-Mg®"

free medium.

§Counts significantly reduced from control value (P > 0.001).
'Percentage inhibition calculated as described in Materials and Methods.
fAppropriate concentration of Ca?>* made up in Ca**-Mg** free medium.
**Counts significantly reduced from control value (P > 0.01).

t1No statistical significance.

binding, secretion and cell recognition are essen-
tially surface phenomenaf{30]. A primary event of
macrophage  participation in  immunological
phenomena concerns the recognition of a foreign
invader or antigen by the macrophage membrane
and the subsequent transmission of such recog-
nition into an appropriate response on the part of
the cell. For instance, the major role of macro-
phages in host defense, phagocytosis, has been
studied for many years. Nonetheless, the exact
nature of this phenomenon is still unclear.

The present studies demonstrate that the tertiary
amine local anesthetics, dibucaine, tetracaine and

procaine, exert a concentration-dependent, rever-
sible inhibition of SRBC phagocytosis by cultured
mouse peritoneal macrophages. The different
potencies of the local anesthetics correspond well
with their octanol-water partition coefficients[9]:
dibucaine > tetracaine > procaine; that is the ex-
tent to which phagocytosis was inhibited is pro-
portional to the affinity of the local anesthetic for
lipid. Furthermore, the action of tetracaine, in
inhibiting macrophage - phagocytosis, could be
antagonized by Ca®".

The inhibition observed was not due to effects
of the local anesthetics on the opsonized SRBC
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but on the macrophage itself, since treatment of

SRBC with local anesthetics did not result in inhibi-
tion of nhaonrvtnuq (Table 3).

A comnarison of
ladle A\ comparison of

the data in Tables 2 and 4 indicates that the degree
of recovery depends on the concentration of the

lacal anacthati R ru o
local anesthetics. Recovery was not observed after

incubation with 1.0 mM tetracaine or dibucaine. It
is not possible to determine from the present
experimems whether this inhibition was irreversible
or whether the recovery period was of insufficient
duration However, irreversible inhibition above a
critical local anesthetic concentraiion has been
observed for rapid axonal transport[31]. This may
be related to the present studies because axonal
transport presumably occurs via filaments simiiar or
identical to cytoskeletal elements.

Data obtained from studies with phosphohpid
vesicles{i, 2, 32] suggest that tertiary amine jocal
anesthetics exert their actions at the level of
anionic groups of acidic phospholipids. In support
of this, the effects of local anesthetics have been
correlated with their lipophilic character[33]. A
linear relationship was reported[9] between
octanol-water partition coefficients and the 50 per
cent inhibitory dose for macrophage spreading on
glass by tetracaine. dibucaine and procaine. Our
present studies also demonstrate such a linear
relationship for 50 per cent inhibition of macro-
phage phagocytosis and the octanol-water parti-
tion coefficients.

The importance of these points becomes clear in
view of the influence of Ca®*. Certain effects of
local anesthetics on membranes result from their
ability to displace membrane-associated Ca®" from
the anionic groups of acidic phospholipids{i-
3,32]. In this respect, Ca®* has been shown to
antagonize local anesthetic effects in model
membranes{3.32] and natural membranes{7],

presumably antagonism for acidic phospholipid

domains [32].
The relationship between 50 per cent inhibition
for phagocytosis and octanol—water partition

coefficients for the three tertiary amines strongly
This implies that the

S ulc IMPpCs at e

observed effects are proportional to the affinity of
the anesthetics for lipid. In the absence of Ca®*,
pretreatments with the local anesthetics resulted in
a pronounced enhancement of inhibition of
phagocytosis (Table 6). Moreover, the inhibitory
effect of 0.1 mM tetracaine could be reversed by
increasing the Ca’* concentration to 1.0 mM in the
pretreatment medium (Table 7). However, the
continuous interaction of the local anesthetics with
the macrophages resulted in a similar inhibition of

supports the zbove model.
“Prv

phagocytic uptake regardless of the Ca*" concen-
tration. These data suggest ihat the Ca’* does not

readily displace the tertiary amine local anesthetic,
which appears to have a greater affinity for the
sites.

Data have been reported previously which
demonstrate that the relative anesthetic potency
obtained with frog sciatic nerve trunk and the
relative inhibition of Ca’* binding obtained with a
two-phase extraction system is such that
dibucaine > tetracaine > procaine[i]. This appears
to support our data on the concentration of the
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three local anesthetics required to produce 50 per
cent inhibition of macrophage phagocytosis (Table
)
.

We suggest that the lipophilic character of local
anesthetics is responsxble for their partition from

tha aanlaniia amuircmoasant
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of macrophages. Once this partition into the
membrane lipids occurs, the postulated inter-
action of local anesthetics with acidic phospho-
lipids would cause a depolarization by displacing
previously held Ca®*. It is possibly depolarization
by Ca’ displacemeni which resulis in the
subsequent disruption of cytoskeletal integrity.
Although the displacement of calcium by local
anesthetic agents in terms of jocal anesthetic
activity in vivo is still a subject of much
dispute[34, 35], the properties which characterize
the action of tertiary amines as anesthetics.
namely a lipophilic nature and antagonism by
Ca’®*, are those attributable to the inhibition of
macrophage phagocytosis in vitro as well.

Both the ability of tertiary amine local anes-
thetics to disrupt the cytoskeletal system{6-8] and
the participation of microtubules and microfila-
ments in phagocytizing macrophages[17] imply
that the inhibition of phagocytosis resulted from
disruption of the macrophage cytoskeletal system.
Based on this observation, one could envisage two
possible modes by which the observed inhibition is
mediated—either at the level of recognition of the
opsonized SRBC by the macrophage or post-
recognition at the ingestion step. The present
experiments cannot distinguish between these
alternatives and this is the subject of further
studies
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