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Johri'"2 stressed that the expulsion of larvae were proba-
bly due to increased histamine levels in the intestine.
Complete larval migration from alimentary tract occurred
at 30 h in group C and within 24 h in group D. Larval
migration to heart, lung and muscles commenced within
4 h after the 2nd dose in experimental groups C and D
whereas, but not in control groups A and B.

The complete elimination of larval burden from alimentary
tract in groups C and D indicates that the initial high dose
of 1000 and 2000 larvae have imparted severe resistance
due to rapid sensitization which become intolerable for the
larvae, resulting in their immobilization, death and ulti-
mately expulsion. Murray et al'*!'* reported vasoactive
amines causing the expulsion of N. brasiliensis from infect-
ed mice. Other pathophysiological changes in intestine due
to infection may also act as an effective barrier.

The experiment suggests that the initial low dose of 250 and
500 larvae took some time to induce sufficient resistance in
the host for maximum expulsion and the immune response
is much greater in high repeated dose than in low repeated
doses.
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Summary, The transmembrane potential (E ) of J7742 macrophage cells measured by microelectrodes was
~24.1£0.7 mV {(mean+ SEM). E_| measured by lipophilic ion distribution was —35+2 mV or —40+ 2 mV, using a cation

or anion, respectively. By any method, colchicine reduced E |

Transmembrane potential (E ) of macrophage cells has
been measured by intracellular recording with microelec-
trodes®®, or calculated from lipophilic ion distribution’, but
comparison of these methods in a single cell line has not
been made. Therefore, in this study, the E_ of cultured
J774.2 mouse macrophages has been determined both by
impalement with microelectrodes and by distribution of a
lipophilic cation triphenyl methyl phosphonium (TPMP)
or a lipophilic anion, thiocyanate. The effects of the micro-
tubule disrupting agent colchicine have been examined,
since this agent alters cell volume and electrolyte composi-
tion of J774.2 cells® and might therefore modify E,.
Methods. Cells of the J774.2 mouse macrophage line® were
grown in Dulbecco’s modified Eagle’s minimal essential
medium, supplemented with 20% horse serum, as previous-
ly described!?. Cells, cultured in monolayer and mounted in
2 ml culture medivm (at room temperature or 33-37°C,
containing 10 mM HEPES buffer), were impaled with
microelectrodes (3 M KCl-filled, resistance 50-70 MQ) and
voltage signals were recorded using standard techniques.

In order to estimate TPMP* uptake, cell suspensions (1-
3% 106 cells m1™!) were incubated at 37°C in 5% CO, with
tritiated TPMP* (0.1 pCi ml™!, 2.8 x 1078 moles I"1). Cell
volume was estimated in identically treated samples of the
cell suspensions from the distribution of tritiated H,0 and
M inulin. Cpm were measured in cell pellets obtained by
spinning samples through silicone fluid. Celltular TPMP*

by ~ 3mV.

uptake was calculated and used to estimate E from the
equation:
(TPMP™) inside

E, = —6llog —
m £ (TPMP") outside

Thiocyanate distribution was determined in cell suspen-
sions containing 0.1 uCi mi~! *C KSCN (1.6x 107% moles
I71), using the same protocol. '

(K*)ousige Was raised in some experiments by adding KCl
to the commercially obtained culture medium. Since osmo-
larity was changed, control experiments were performed in
which osmolarity was increased with sucrose, and E was
found to be unchanged.

Resulits. The mean E,, measured by microelectrode impale-
ment, was —24.1+ 0.7 mV (mean+ SEM, 558 cells from 26
cultures) and the distribution of E_ values is shown in
figure 1. The range of E_-values was large, but more than
75% of cells were in the range —10 to —35 mV. E was the
same whether measured at 33-37°C or at room tempera-
ture (~20°C). A small number of cells (< 10%) exhibited
hyperpolarization during recording (E, —60 to —75 mV)
but, with continuous observation by phase contrast miecros-
copy, it was found that these cells invariably developed
surface blebbing, suggesting irreversible cell damage.

E_ in cells incubated with TPMP* was —354+2 mV (range
—27 to —47 mV, 25 experiments). TPMP* uptake was slow
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but complete by 90 min (fig.2). Thiocyanate uptake was
faster and complete by 20 min; calculated E_ was —40+2
mV (range —32 to 51 mV, 21 experiments).
Raising (K1), ,siqe caused a concentration-related decrease
in E,. Depolarization was considerably less than predicted
fora Nernst relationship e.g. increasing (K ), ,iqe from 5 to
50 107 moles 1! changed E,, by + 11 mV compared to
+61 mV predicted. The changes in E; as gauged by
the different methods, were in good agreement e.g
+12+1.5 mV and +10+2 mV by microelectrodes and
TPMP* distribution respectively, for a 10-fold increase in
(KH)ousider At any (K™ )ougiae En Was more negative when
measured by ion distribution compared to microelectrodes.
Cells treated with colchicine (107 moles 17!) developed the
protuberant shape associated with this drug within 30 min
and underwent a reduction in cell volume averaging 15%, a
value similar to that previously described®. E_ was consis-
tently reduced by a few mV after colchicine treatment, as
estimated by each of the 3 methods. The mean changes in
E, were+3+11 mV (3 experiments, microelectrodes);
+3.5+0.6 mV (10 experiments, TPMP™* distribution);
+3.4+ 0.4 mV (8 experiments, SCN- distribution).
Discussion. The E measured with microelectrodes is close
to that obtained with the same technique in other mouse
macrophages®®. A wide range of E_-values was observed
which may reflect differing degrees of cell damage or
possibly differences in state of activity or position in cell
cycle. Gallin and Livengood? described a sub-group of cells
distinguished by high E_. In the present experiments a
small number of cells with high E_ was observed also, but
these cells exhibited abnormal morphology characterized
by surface blebbing.
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Figure 1. The distribution of individual E,-values obtained from
microelectrode impalement in 558 cells of the J774.2 line.
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Figure 2. The ratio of internal to external [TPMP+] in cell
suspensions vs period of incubation. Values are the mean of 3-14
observation and bars represent SEM.
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A more negative value of E was obtained from ion
distribution measurements. This value, however, agrees
well with the E, of rat alveolar macrophages estimated by
TPMP* distribution’. The smaller E_ measured by micro-
electrodes is probably due to cell damage upon impale-
ment. Ton distribution measurements are non-invasive and
damaged cells (leaky to inulin) are excluded. Cell damage
aside, other differences in the 2 methods may be important.
Microelectrodes sample E | in a relatively small number of
cells; in contrast a mean E_ for the whole population is
obtained using the ion distribution technique. Therefore a
difference in estimated E_, could arise if the sample of cells
impaled by microelectrodes were not random. Since it is
easier to impale large, well-spread cells, E, measured thus
may be representative only of this sub-population of cells.
ITon distribution studies are performed in cells in suspension
which are typically rounded-up, hence it is interesting to
speculate that the difference in E,, is related to the differ-
ence in morphology of the cells under the 2 conditions.

The results obtained using thiocyanate distribution corre-
late well with those using TPMP™* distribution, suggesting
that both ions, although oppositely charged, are distributed
according to E . Binding or compartmentalization of either
on the basis of charge would be expected to produce
differences in calculated E_ derived from their separate
distribution.

The results suggest that K+ permeability of the cells is low.
E, is far from the equilibrium potential for K* (—86 mV,
calculated on the basis of previous measurements of (K*)
cells®). Raising (K*),,qc Causes a far smaller change in E,,
than is found in cells freely permeable to K+, where the
Nernst relation holds e.g. skeletal muscle!!,

A slight decrease in E was associated with colchicine
treatment. Since colchicine increases (K )inege’> hyperpo-
larization might be expected, but interpretation is compli-
cated by changes in the distribution of other ions, such as
Na* and Cl~, whose contribution to E , is not known. The
depolarizing effect of colchicine was small, but consistent,
and it remains to be shown whether a relationship exists
between this and other effects of colchicine on microtu-
bules and membrane function.

In conclusion, although the absolute E | differed according
to the technique used to estimate it, changes in E , evoked
by raising (K*),,4. OF colchicine were 1ndependent of the
measuring technique.
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