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Abslrncr. Uptak.c of avirulem Trepo11e111a paliidum by 
rabbit macrophages was shown to occur <.luring incuba­
tion in vitro. Electron microscopic and metabolic studies 
suggested that this uptake reflected activc phagocytosis by 
macrophages. 

Electron microscopic examination of infected tis­
suc has recently shown treponemes to be present 
within macrophages (2, J 1 ). The present study is 

concerned with an in vitro demonstration of 
phagocytic activity of rabbit macrophages, when 
avirulent T. pa/lidum (Nichols) was added to 

these eftector cells. The importance of such ex­
perimentation may shed light on the role of 
macrophages in syphilis immunity. 

MATERIALS AND METHODS 

Treponema pallidum. Nichols non-pathogenic strain of T. 
pal/idu111 was used throughout the investigation. Or­
ganisms were grown in spirolate broth medium as adapted 
by lzzat et al. (4). After 7 days of incubation at 35°C the 
treponemes bad normal motility and refractility when ex­
amined by dark.field microscopy. Motility was dlminished 
011ly slightly by centrifugation (1 000 g for 30 min at room 
temperature), resuspension in Hanks' balanced salt solu­
tion (BSS) for brief periods of Lime and .incubation up to 
2 hours in tissue culture medium 199 enriched with 15 % 
rabbit semm (TCM-RS). Nonmotile treponemes were ob­
lained by refrigerating 7-day-old spirolate cultures at 4°C 
for 18 hours after which time darkfield examination 
showed intact organisms witb abnorma! refractility and 
absence of motility. 

Macrophages. Six Lo eight ml proteose peptone solution 
(15 % weight/volume) was .injected intraperitoneally into 
3--4 kg rabbits. Four days later, the animals werc killed 
by exsanguination. The peritoneal cavity was opened and 
washed with 100 ml of BSS containing heparin 910 

(units/ml). Leukocytcs thus obtained, 85-90% of which 
were macrophages, were collected by centrifugation (800 g 
for 10 min at 4°C) and resuspended in TCM-RS. 

Phagocytosis. Motile treponemes werc distributed to 
Falcon tissue culture Petri dishes containing 0.6-1.4 x 10' 
macrophages in 2 ml TCM-RS so that a final treponeme/ 
macrophage rntio of 1.5 : l was obtained. Identical aliquots 
of trepoaemes were added to 2 ml TCM-RS without 
macrophages. These sus pensions were incubated at 3 7° in 
an atmosphere of air with 5% C00. After 1 hour, the cell 
layer was resuspended by gemle scraping with a rnbber 
policeman and pipetting up and down with a Pa�teur 
pipette. All treponemes that were free of cells or that 
could be seen auached to them were counred directly, 
using dark.field microscopy (4). For an experimental sam­
ple, three separate specimcns were taken and 20 fields were 
counted for each. 

Electron microscopy. Macrophages and treponemes in a 
ratio of five to one were incubated in TCM-RS for I 
hour, at the end of which period the cells were collected 
as describcd above, centrifuged for JO min at 800 /J, 
resuspended in 2.5 % buffe.red glutaraldehyde, and post­
fixed in osmium tetroxide (8, J 0). Aiter dehydration in a 
graded series of ethanol, the specim.cns were embedded in 
Epon-Araldite (6). Sections 1-2 µm in thickness were ex­
amined to select suitable areas. Ultrathin sections cut witb 
an LKB 8800 Ultratome were stained with uranyl acetate, 
followed by lead citrale and studied witb. an RCA 3 G 
Electronmicroscope. 

Melabolic studies. Decarboxylation of the first carbon 
of glucosc was measured using melhods described by 
Musher et al. (7). 1-"C-glucose (0.25 µCi) was added to 
1 ml TCM-RS containing 2 x t()'J macrophages and 10' 
motile or nonmotile treponemes. Labelled glucose wai 
added to other aliquots of TCM-RS which oontained 
either 2 x ]()" macrophages or l O" treponemes. Af ter 30 
min of incubalion in a shaking water bath at 37°, 1he 
reaction was tenninated by disrupting lhe cells with 1 ;n\ 
of 2 N HCI. Radioactively labeUed CO, released from 
cells was recovcred in hydroxide of hyamine which was 
then dissolved in scintillation fluid (0.4% POP, 0.01 % 
POPOP in toluene). Radioactive counting was done in a 
Packard liquid scintiUation sp�ctrometer. Dala are re-
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Table I. Effec/ oj incubation with rabbit macrophages 

011 darkfield coullfs oj T. pallidum 

Darkfield counts ( x 106) 
following incubation of treponemes 

With Without 
Experiment macrophages macrophages 

I 6.3a 11.9a 

2 7.7 1 I.I 
3 6.7 10.5 
4 I I. I 19.0 
5 11.5 20.1 

Average 8.6 15.3 

a Counrs reprcsent an average ot' 20 darkfields from cach of 
3 separate specimens. 
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poned as counts per minute (cpm) ± I Standard Error of 
the Mean (S.E.M.). Statistical significance was computed 
using Stucleni's I test. 

RESULTS 

Table I shows treponemal darkfield counts after 

incubation for 1 hour in TCM-RS with and with­

out macrophages. In fivc consecutive experiments, 

exposure to macrophages reduced the number of 
treponemes from an average of 15.3 x 10<1 to 

8.6 x I Qll per ml. Electron microscopic examina­
tion of thcse cxposcd cells rcvcalcd macrophages 

with small irregular nuclei and abundant cyto­

plasm, having numcrous cytoplasmic villi and 

intracytoplasmic phagocytic vacuolcs (Fig. 1 ). 

Seg;11ents of treponeme(s) consisting ot a dense 

treponemal bo::ly surrounded by an envelope (5) 

were seen within phagocytic vacuoles (Fig. 2). 

Fig. i. Electron micrograph 
of a macrophoge showing the 

nucleus (N), cytoplasmic 
microvilli (M V) and phago­
cytic vacuoles (P V) which 
contain treponeme(s) (arrow) 

cut in cross-section. x 11 000. 
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Some vacuoles contained treponemes with broken 
membranes and loss of structural clarity, indicat­
ing disintegration. Treponemcs were not detected 
within lymphocytes or polymorphonuclear leuko­

cytes. 

Table l[ shows that macrophages incubated in 

TCM-RS with 0.25 µCi of 1-14C-glucose gen­
erated an averagc of I 242 ± 69 cpm of HCO2 

per 106 macrophages. 10s motilc or nonmotile 
treponemes produced 93 ± 6 and 79 ± 5 cpm 
respectively. When macrophages were incubated 
with motile or nonmotile treponemes, the amount 
of 14CO2 which they generated increased to 
2090± 191 (68.3%) and 1730±135 (40.9%) re­
spectively. ln cach case the increasc was statisti­
calJy significant (p < 0.001); there was no sig­
nificant difference between the values achicved by 

Fig. 2. A phagocytic vacuole 
(PV) al higber magnification 
containing treponemal struc­
tures characterized by a 
dense treponemal body and 
surrounded by an envelope. 
X 18 850. 

macrophages phagocytizing motile or nonmotile 
trcponemes (p = 0.5). 

DISCUSSION 

The data presented herein provide evidence that 
rabbit macrophages actively phagocytize avirulent 
Treponema pal/idum in vitro. Bcfore the recent 
demonstration of trcponemes within macrophages 
in a chancre (2) or an infected rabbit testis (11), 
these organisms were either not seen at all in 
syphilitic lesions because light microscopy was 
used, or were thought, on thc basis of electron 
microscopic studies, to be present only extra­
cellularly (3, 5). Si□cc treponemes werc secn with­
in cells other than macrophages, Azar et al. (2) 
and Sykes & Miller (Il) felt that they could not 
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Table IL Decarboxyfation of gfucose by macrophages 
during phagocytosis oj treponemes4 

Macrophages alooe 
..,.,.-motile Treponemes alone-.....__00nmotile 

Macrophages + motile treponemes 
M acrophages + nonmotilc trcponcmcs 

1 242±69 
93:::6 
79-.-5 

2 090± J 91 (68.3 %)b 
I 750-"-I 35 {40.9 %)b 

" Data reprcsent the average or five separatc studies. each 
carried out in triplicate, cxpressed as cpm/106 macrophages 
±I S.E.M. 
b Percentage increase in decarboxylation of glucose by pba­
gocytizing compared with resting macrophages arter sub­
lracting the contribution by treponcmes and background 
(p <0.001). There is no statistical ly significant difference 
bctween 68.3 % and 40.9 % (p- 0.5). 

exclude thc possibility that macrophages might 
play a passive role (being penetrated by the 
spirochetes) rather than an actively phagocytic 
role. 

In the present study, treponernal c ounts de­
dined <luring incubation in vitro with rabbit 
macrophages. Elcctron microscopy provided evi­
dence that the macrophages had actively phago­
cytized treponemes. Treponemes were seen within 
membrane-bound intracytop!asmic phagocytic va­
cuoles. In contrast, these organisms were not 
found in noophagocytic cells, thus supporting the 
hypothesis that their presence in macrophages re­
sultcd from active phagocytosis rather than from 
an ability of treponemes to penetrate cells. 

Further evidence was obtained by measuring 
decarboxylation of the first carbon of glucose by 
macrophages exposed to treponemes. This me­
tabolic activity, which approximates metabolism 
of glucose via the hexose monophosphate shunt 
and is associated with phagocytosis by macro­
pbages (9), increased by 68 .3 % and 40.9 % when 
macrophages were exposcd to motile or non­
motile treponemes, respectively. It is possible that 
somc of the metabolic stimulation resulted from 
attachment of treponemes to the cell surface 
rather than by actual ingestion (I, 7). However, 
taken in conjunction with observations showing 
reduced treponemal cotmts following exposure to 
macrophages and the presence of organisms with­
in phagocytic vacuoles, the metabolic data appear 
to reflect chaoges that bave occurred during in­
gestion. 

Acta Demwtorener (Stockholm) 52 

ACKNOWLEDG EMENTS 

Technical assistance by M rs Phyllis Györkey, Miss Susan 
McCotter and Mrs Karen Jacobson is gratefully acknowl­
edged. 111e investigation was supported by tbc John A. 
Hartford Foundation, grant no. 3833. 

REFERENCES 

L Allen, J. W. & Cook, G. M. W.: A study of tbe at• 
tachment phase of phagocytosis by rnurine rnacro­
phages. Exp Cell Res 59: 105, 1970. 

2. Azar, H. A., Pham, T. D. & Kurban, A. K.: An elec­
tron microscopy study of a syphilitic chancre. Arch 
Path (Chicago) 90: 143, 1970.

3. Drusin, L. M., Rouiller, G. C. & Chapman, G. B.:

Electron rnicroscopy of Trepo11e111a pallid11m occurring
in a humaii primary lesion. J Bacteriol 97: 951, 1969. 

4. Izzat, N. N., Knox, J. M. & Wendc, R. D.: Mass 
cultivation of avirulent Treponema pallid11111 (Nichols). 
Microbios 3: 247, 1971. 

5. Jepsen, 0. B., Hougen, K. H, & Birch-Andersen, A.: 
Electron microsoopy of Trepo,zema pallidum Nichols. 
Acta Path Microbiol Scand 74; 241, 1968.

6. Mollenbauer, H. H.: Plastic embedding mjxtures for
usc in electron microscopy. Stain Technol 39: 111,
1964. 

7. Musher, D. M., Keusch, G. T. & Weinslein, L.: Ef­
fects of various antisera 011 tbe morphology, phago­
CYliC activity and metabolism of guinea pig peritoneal 
macrophages. J Infect Dis, 1972. In press. 

8. Palade, G. E.: A study of fixation for electron micro­
scopy. J Exp Med 95: 285, 1952. 

9. Ratzan, K. R., Musber, D. M., Keuscb, G. T. & Wein­
stein, L.: Correlation of increased metabolic activity, 
resistance lo infection, enhanced pha�ocytosis and in­

hibition of b�cterial growth by macropbages from 
Listeria- and BCG-infected mice. Jnfcct Immun, 1972.
In press.

JO. Sabatini, D. D., Benesch, K. & Barnetl, R. J.: Cyto­
chemistry and electronmicroscopy. The preservation 
of cellular ultrastructure and enzymatic activity by 
aldehyde fixation. J Cell Biol 17: 19, 1963. 

lJ. Sykes, J. A. & Miller, J. N.: lntracellular Jocation of 
Trepo11e111a pallidu111 (Nichols strain) in ihe rabbi! 
testis. lnfect & Immun 4: 307, 197J. 

Recefred April 10, 1972 

D. M. Musher, M.D. 
V. A. Hospital
T nfectious Disease Lab. 

Houston, Texas 77031 
USA 


