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compound, recrystallization, regeneration of the citral,
and distillation at reduced pressure. The purified material
was then tested against bacteria, yeasts, and molds
(Tables I, II, and III).

The purified citral shows activity against all the gram-
positive bacteria at 500 ppm® and one of the gram-
negative bacteria. The effect drops off somewhat at
250 ppm as indicated in Table 1. However, when one
separates the citral into its components (neral and gera-
nial, geometric isomers) by preparative gas-liquid chro-
matography and tests these under the same conditions,
both are essentially inactive against all of the bacteria
tested. To eliminate the possibility of a synergistic effect,
a 50:50 mixture of neral and geranial was prepared and
tested under identical conditions. The results were the
same as those obtained with the pure components.

A similar experiment was conducted with representa-
tive strains of yeasts and molds and the same pattern
emerged (Tables II and III)} but the results were not
quite as dramatic.

The activity of citral against the species of yeasts
does not begin {o drop off until a concentration of
62.5 ppm is reached. In contrast, neral begins to be
ineffective at 250 ppm. It is of interest to note that
geranial is somewhat different than neral since total
inhibition of yeast growth is observed at 250 ppm. There
does not appear to be any difference between geranial
and neral with respect to bacteria and molds.

The effect of concentration of citral against wvarious
species of molds is summarized in Table ITI, At 125 ppm
citral begins to lose effectiveness against Aspergilius
oryzae, A. wniger, and Rhizopus senti. At 125 ppm, it is
still effective against the 4 remaining molds. Geranial
was found to be ineffective at 500 ppm against 4 of the
7 molds, whereas neral was ineffective against 3 of the
7 molds. It becomes quite obvious that an impurity
exists in the ‘pure’ citral.

An interesting observation is found in the action of
a 50:50 mixture of neral and geranial against Penicillium
chrysogenum. Neither neral nor geranial alone at 500 ppm
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was effective against this species of mold; yet, a combina-
tion of 250 ppm of each showed activity. It appears that
this is one instance of synergism. Several examples of
synergistic effects are reported, e.g., ZIBITSKER L

These data, then, cast doubt on the antimicrobial
activity of citral as reported in the literature. The ‘pure’
citral used in these experiments was as pure or purer
than that used by the previous workers. As can be seen,
the ‘pure’ citral showed considerable activity but the
isolated components failed to substantiate the previous
findings.

In view of these data one must conclude that an im-
purity exists in the ‘pure’ citral which has substantial
activity and which also is carried through the purification
process. An examination of an analytical gas chromato-
gram of the purified citral showed it to be approximately
989, citral. Work is now in progress to identify the im-
purities and determine which of these have antimicrobial
activity.

Zusammenfassung. Bestitigung fritherer Feststellungen,
dass Citral eine antibakterielle Aktivitit besitzt. Da
Neral und Geranial {(allein oder zusammen) jedoch wesent-
lich weniger aktiv sind, muss fiir die Citralaktivitit eine
bisher nicht identifizierte Substanz verantwortlich sein.

K. L. Stevens, L. Jurp,
A. D. King r. and K. Migara

Western Regional Research Laboratory,
Agricultural Reseavch Service,

U.S. Department of Agriculture,

Albany (California 94710, USA), 7 December 1970.

13 The method of testing is described by J. LEDERBERG and E. M. LE-
DERBERG, J. Bact, 63, 399 (1952).

Macrophage Activity of Thymectomized Mice Infected with Leishmania donovani

Although the importance of the thymus in cell-
mediated immunity and in the production of some
humoral antibodies is establishedl, there are several
contradictory reports on the activity of macrophages in
thymectomized animals?-®.

In mice experimentally infected with the intracellular
protozoan parasite of macrophages, Leishmania donovant,
the number of parasites in the liver and spleen reach a
peak after which numbers of parasites in these organs
decline and the infection becomes chronic?., Thus, this
infection in mice could be a good system to determine
the effect of thymectomy on macrophage activity in vivo
and in vitro.

Balb/c mice, thymectomized® or sham-thymectomized
within 24 h of birth, were used in the in vivo studies.
Each mouse was injected i.v. with 107 amastigotes? of
the 3K strain of L. donovani®® in 0.2 ml of infected ham-
ster spleen suspension 25-30 days following thymectomy.
Mice from each group were sacrificed 1 h after infection
to determine the initial uptake of parasites by spleen
and liver, and at 1, 8, 16 and 21 days to determine rate
of growth or suppression. The median level of infection

in livers and spleens of 5-8 mice of each group was
determined by a method of touch preparation?®. At
necropsy, thymectomized mice were examined macro-
scopically and microscopically to determine whether
thymectomy was complete. Mice with remains of thymus
were not included in the results.

Peritoneal macrophages from 25- to 30-day-old thy-
mectomized, sham thymectomized and intact mice were

1 3. F. A, P. MiLrer and D. OsoBa, Physiol. Rev. 47, 437 {1967).

2 A. Corst and G. V. Giusti, Nature, Lond. 273, 618 {1967).

3 D, J. SrecuscHuLtE, Proc. Soc. exp. Biol. Med. 737, 748 {1969).

4 S, B. Savvin, R. D. A, Pererson and R. A, Goop, J. Lab, clin.
Med. 65, 1004 {1965).

% S. H. Morrow and N. R. D1 Lvzio, Nature, Lond. 205, 193 (1965).

6 K. Tareva, R. Mor1 and N. Imarzumi, Nature, Lond. 278, 1174
{1968).

? L. A. Staussr, Rice Inst. Pamph. 45, 80 {1958).

8 W. Discurer and G. Rupawi, Revue fr. Etud. clin. biol. 6, 88
(1961).

9 C, A, Hoarg and F. G. WaLLAcE, Nature, Lond. 272, 1385 {1966).

10 1., A, STauBeRr, Exp. Parasit, 78, 1 (1966).
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harvested from 3 to 7 mice of each group 48 h after i.p.
injection of 2 ml of sterile trypticase soy broth. From
1Xx 107 to 2107 macrophages were explanted in plastic
petri dishes, each containing 8 coverslips in a manner
similar to that described by Taxgva et al% Each petri
dish was inoculated 24 h later with a suspension of tissue
containing amastigotes of L. donovani from the spleen
of an infected hamster in a ratio of about 10 parasites/
macrophage. After 1h, the cultures were washed to
remove uningested parasites and new medium was added
to all cultures.

Macrophage activity was assessed by determining the
proportion of parasitized cells and by calculating the
mean number of parasites/macrophage after examining
100 randomly selected cells on Giemsa-stained coverslips
removed from petri dishes 1, 24, 48 and 72h after
inoculation of the parasites.

‘When the parasite burdens of the livers and spleens
of both groups of mice were compared 1 h after infection,
no significant differences between groups in the number
of parasites in these organs were observed. The rates of
reproduction of the parasites in the 2 groups of mice
were also similar (Figure). For example, the median
parasite burden in spleens of thymectomized mice
increased from 1.96 X 10* parasites 1 day after infection
to 3.94 X 10% parasites on the 8th day, a 20.1-fold increase.
This increase does not differ significantly from the one
in the sham-thymectomized mice, i.e., from 7.22x10¢
to 1.00 x 108, a 13.9-fold increase. Similarly, between 16
and 21 days post-infection, the median parasite burden
of spleens of thymectomized and sham-thymectomized
mice increased 1.8 and 1.7 times, respectively. Increases
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in the median numbers of parasites in the liver of groups
of thymectomized and sham-thymectomized mice were
not significantly different when compared to each other
at any time of sampling. These results indicate that the
rate of growth or intracellular suppression of the amasti-
gote in vivo is not modified by thymectomy.

In vitro the proportion of infected macrophages from
thymectomized, sham-thymectomized and intact’ mice
was 93, 95, and 9539, with 6.1, 5.9 and 6.1 parasites per
macrophage, respectively, 1h after infection of the cul-
ture. The results in samples taken at 24 and 48 h were
equally similar and by 72 h the respective proportion of
infected macrophages were 60, 70 and 589, with 1.2,
1.7 and 1.6 parasites per macrophage (Table). Thus,
there were no significant differences between thymecto-
mized or either control group either 1 b after the infection
or in the rate of growth or suppression of parasites by
macrophages after 24, 48 or 72 h.

These results indicate that thymectomy does not
modify the susceptibility of Balbjc mice to L. donovani
and contrast sharply with the impaired capacity of
thymectomized animals to overcome infection with
Plasmodium berghei or Trypanosoma cruzi® 11:12, Resist-
ance to the latter 2 probably is impaired by delayed or
decreased production of specific humoral antibodies which
are known to be functional in the control of these infec-
tions1¥:14, whereas antibodies do not protect a host
experimentally infected with Leishmania®® nor influence
the activity of macrophages on amastigotes in vitro3s,

Although some investigators indicated increased clear-
ance of carbon by thymectomized animals?:3, others were
unable to detect differences in phagocytosis of colloidal
gold4 or carbon?® by thymectomized or intact animals,
or of bacteria in vitro®. Our results indicate that there
is no significant difference in phagocytosis of amastigotes

In vitro phagocytosis of amastigotes of L. donovani by macrophages
from thymectomized, sham-thymectomized and normal mice

Time  After infection Treatment
h
) Thymec- Sham- Nor-
tomized thymec- mal
tomized
1 Macrophages infected (%) 93 95 93
Mean No. of parasites per cell 6.1 59 6.1
24 Macrophages infected (%) 82 38 86
Mean No. of parasites per cell 3.5 3.6 2.7
48 Macrophages infected (%) 73 76 61
Mean No. of parasites per cell 24 3.0 2.1
72 Macrophages infected (%) 60 70 58
Mean No. of parasites per cell 1.2 1.7 1.6

1t ], N. Browy, A. C. AruisoN and R. B. Tavior, Nature, Lond.
219, 292 (1968).

12 G, A, Scumunis, S. M. Gonzarez Cappa, O. C. TravERsa and
J. F. Yavovsky, Trans. R. Soc. trop. Med. Hyg., in press.

18 C, L. DicGs and A. G. OsLER, J. Immun. 702, 298 (1969).

14 I, G. Kacan and L. Norumaw, J. Parasit, 48, 584 {1962).

151, A. STAUBER, Ann, N.Y. Acad. Sci. 773, 409 (1963).

18 H, C. MiLLER and D. W. Twouy, J. Parasit. 55, 200 (1969).
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in thymectomized mice compared to normal mice at 1 h
after infection.

In contrast to the results reported by TakEva et al.®
with Listeria monocytogenes in vitro, we did not observe
enhancement of intracellular killing of amastigotes in
macrophages derived from thymectomized mice. These
experiments establish that macrophage activity in experi-
mentalleishmaniasis is thymus independent. Such activity
could be inherent to the macrophages or dep/end on
immunologically competent tissues formed early in the
ontogenic development of the host??,

Resumen. Fagocitosis y destruccién de Leishmania
donovani por macréfagos in vivo ¢ in vitro es igual en
macrofagos de ratones timectomizados e infectados que
en macréfagos de ratones no timectomizados e infectados.
Se concluye que la resistencia natural contra infeccién
con L. donovani no es disminuida por la timectomia,
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Ademss, los datos indican que la actividad de los macré-
fagos es independiente del timo.

G. A. Scamunis®® and R. HErMAN

U.S. Department of Health, Education, and Welfare,
National Institutes of Health,

National Institute of Allevgy and Infectious Diseases,
Laboratory of Parasitic Diseases,

Bethesda (Maryland 20074, USA), 5 October 1970.

17 M. L., Tvan, L. A. HerzexBerG and P. R. Giees, J. Immunol.
703, 1283 (1969).

18 Guest Worker, NIAID. Fellowship holder from the Consejo
Nacional de Investigaciones Cientificas y Tecnicas de la Argen-
tina and holder of award No. 5 F05 TW 1468-02 from the U.S.
Department of Health, Education and Welfare, Public Health
Service,

STUDIORUM PROGRESSUS

Structures of the Venturicidins A and B

The venturicidins A and B, two antifungal antibiotics
from Streptomyces aureofaciems, strain Tii 342, are a
3-O-carbamyl-2-deoxy-p-rhamnoside and a 2-deoxy-p-
rhamnoside, respectively, of an unknown aglyconel.
Although the aglycone itself was decomposed during
solvolytic reactions, spectroscopic coincidences strongly
suggested the identity of the two aglycones. Additional
evidence for this identity, the isolation of several com-
mon degradation products from the aglycone part, will
be given in this paper.

The structure of venturicidin A was determined by
restricted use of conventional organic chemistry methods,
by an extensive application of NMR- and mass-spectro-
metry, and by a three-dimensional X-ray analysis of a
heavy-atom derivative, the mono-p-iodobenzenesulfo-
nate V.

X-vay analysis. The derivative V was prepared by
treatment of venturicidin A with p-iodobenzenesulfonyl
chloride in dry pyridine at room temperature. The crystals
were grown from a water-acetone solution by slow cooling.
Crystal data: C,,H;INO,3S-H,0; orthorhombic disphe-
noidal with a == 5.76 +0.05, b = 31.440.2, ¢ = 31.3 4+
0.2 A; V = 5661A3%; F(000) = 2168. Space group P2,2,2,
(D2, No. 19), from systematic absences; Z = 4, D, =
1.21 gem~®; molecular weight calc. 1034.03, found 1031.
Mo Ka-radiation, 1 taken as 0.7107 A, p=73cmL
The limits of errors are given in the form of maximum
€IToTS,

The intensity measurements were made on a Siemens
AED automatic four-circle diffractometer at room tem-
perature. Because of the weak scattering of the crystals
available, only 1147 independent reflections were re-
corded. The maximum value of sin ®/1 was 0.44, cor-
responding to a resolution of 0.7 A. Absorption correc-
tions were not applied, nor were extinction corrections.

The coordinates of the iodine atoms were first deter-
mined without ambiguity from a three-dimensional
PaTTERSON synthesis, sharpened on iodine, corresponding
to an R value of 489%,. The structure was then completely
solved by a combination of FouRIER methods and block-
diagonal least-squares calculations. The final refinements
gave an R value of 10.19%2.

Because of the poor resolution of the FOURIER syn-
theses, the following additional crystallographic evidence
was used to determine unambiguously the nature of the
atomic species and the positions of the double bonds:
1. local analysis of the variation of the thermal para-
meters, depending upon the choice of scattering curve
for each atom; 2. stereochemical considerations such as
valence angles and the approximate coplanarity of
certain groups of atoms. In the figure a general projection
of compound V is given, which shows that venturicidin A
is a non-polyenic macrolide antibiotic.

The sugar moiety is bound to the aglycone through
the oxygen atom on C-13, forming a $-glycosidic linkage.
As no anomalous dispersion measurements were made,
the correct absolute configuration, which is shown in
the Figure, was deduced from the known configuration
of D-thamnose?.

Because of the low resolution, in the FOURIER syn-
thesis, of the side chain of the molecule, due to the
large thermal motion as well as to the probable disorder
of the final atoms of the chain, strict crystallographic
evidence is lacking for the terminal methyl group (C-27).
However, the following chemical evidence unambiguously
demonstrates its presence.

Ozonolysis of Di-O-acetylventuricidin A. The ozonolysis
was carried out in methylene chloride at — 70°C. Destruc-
tion of the ozonides with H,Q, and HCI in acetic acid,
methylation by diazomethane, acetylation and column
chromatography on silica gel vyielded the following
products:

1. 1,4-di-O-acetyl-3-0-carbamyl-2-deoxy-p-rhamnose,
identified by its NMR-spectrum.

! M. BruranNi, W. KeLpLER-ScHIERLEIN, W. LOFFLER, 1. MaANs-
PERGER and H. Ziuxer, Helv. chim. Acta §7, 1293 {1968).

2 All the calculations were carried out on the Univac 1108 computer
of the University, Rome, and were performed with the system
of programs developed in Laboratorio di Strutturistica Chimica
‘Giordano Giacomelle’ — CNR. The figure was produced by
Johnson’s ORTEP program.

3 B. Iserin and T. ReicustEIN, Helv. chim,. Acta 27, 1146 (1944).



