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GC analysis on columns A and B and mass spectral data of
this peak were also identical. The pseudoionone isomers
used as starting materials were inseparable by GC, even
with capillary columns, but could be separated using silica
gel HPLC with 50% CHCI; in pentane as solvent. Since
Zakharova et al. has previously determined the configura-
tion of the pseudoionone isomers'*?, the possible products
of the Wittig reactions were also determined. The active
material was found to have the Z, Z, Z-configuration.

The pheromone was found to be identical spectrally and
chromatographically with Z,Z, Z-allofarnesene, but all
isomers with Z-4 configuration were biologically active.
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Effect of exogenous iron on the viability of pathogenic Naegleria fowleri in serum

A.L. Newsome and W. E. Wilhelm!

Department of Biology, Memphis State University, Memphis (Tennessee 38152, USA), 20 February 1981

Summary. When Naegleria fowleri (Lee) was incubated in newborn calf and human serum an amebicidal effect was
observed. Heat inactivation of both sera resulted in the recovery of viable amebae after incubation in these sera. Exoge-
nous iron added to non-heat inactivated calf serum improved viability slightly but was without effect when added to
human serum not heat inactivated. Exogenous iron greatly enhanced growth and/or viability in heat inactivated calf
serum. Viability of amebae also was considerably enhanced in human serum which was heat inactivated when pH was

lowered in conjunction with iron supplements.

Naegleria fowleri is one of several species of free-living
amebae which can cause primary amebic meningoencepha-
litis (PAME). It is usually a fatal disease of the central
nervous system, and nearly all cases have been related to
rcgent association with water sports or other aquatic activi-
ty>. ~

Numerous axenic culture media have been developed for
the cultivation of Naegleria species®®. Most of these media
contain mammalian serum in conjunction with a variety of
other components for enhanced Naegleria growth.

The growth of amebae in serum-enriched media suggests
serum itself might support the growth or maintenance of
amebae. It has been shown that mammalian serum could
support the growth of some procaryotic parasites provided
sufficient iron was initially available or the serum was
supplemented with exogenous iron® '°.

Mammalian serum has been reported to have an amebi-
cidal or amebostatic effect on amebae!'"">. These results
have been attributed to a variety of factors including
antibodies, heat labile factors, and complement. The pur-
pose of this investigation was to quantify the viability and/
or growth of pathogenic N. fowleri in newborn calf and

human serum and to determine if addition of iron could
enhance viability and growth.

Materials and methods. Newborn calf serum (Grand Island
Biological Co., Grand Island, N.Y.) and pooled human
serum (from a local hospital) were heat inactivated at 56 °C
for 30 min unless designated otherwise. Penicillin and
streptomycin (200 pg/ml each) were added, and the serum
was sterilized by filtration (0.45 pm). 2-ml aliquots were
pipetted into 15X 165 mm screw-capped tubes. Iron was
added to serum in the form of FeCl;-6 H,O or FeSQ,-
7 Hy0. Stock iron solutions were prepared in distilled
water, filter sterilized, and diluted in distilled water so that
0.5 ml delivered the appropriate amount of iron. In addi-
tion, the pH of some tubes was lowered with 1 N HCI. Iron
and HCI were added to sera 24 h before inoculation with
amebae. Control tubes received Page ameba saline (PAS)".
Naegleria fowleri (Lee) was grown at 37 °C in tubes contain-
ing 3 ml of Chang’s SCGYEM medium®. For inoculum,
amebae were harvested by centrifugation (1000xg for
10 min) and resuspended in PAS. The number of amebae/
ml were determined by hemocytometer counts and dilu-
tions were prepared in PAS so that 0.5 ml delivered the
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appropriate number of amebae. Tubes containing serum,
iron, HCl, and amebae were incubated at 37°C on a 45°
angle.

For quantification and determination of ameba viability
after incubation in serum, a plaque technique was uti-
lized"”. When amebae are mixed with bacteria and inocu-
lated onto inorganic agar plates, individual amebae ingest
bacteria and multiply forming a plaque. A 0.1-ml volume
was taken from experimental tubes and diluted to 1072 in
PAS. Aliquots from each tube were also inoculated into
trypticase soy broth (TSB) to check for bacterial contami-
nation. A volume of 0.25 ml was taken from the dilution
tube and pipetted onto inorganic agar plates (15 x 100 mm).
A pellet of Escherichia coli (obtained by centrifugation)
from a 72-h TSB culture was then added to agar plates. The
pellet and ameba suspension were evenly spread over the
agar surface with a bent glass rod. After the fluid was
absorbed by the agar, plates were inverted and incubated at
37°C. After 48 h the number of amebae or plaque forming
units (pfu) were counted.

Results. The effect of exogenous iron on ameba viability in
newborn calf serum is given in table 1. Ift heat inactivated
serum the addition of 200 pg Fe/ml promoted a marked
increase in pfu (table 1). This growth was confirmed also by
hemocytometer count. Because addition of FeCl; lowered
the pH of serum to 6.2 an additional control was made
utilizing 1 N HCI to lower pH. A considerable amebicidal
effect was observed in these acidified tubes. In newborn
calf serum not heat inactivated and with no exogenous iron,
the presence of an amebicidal factor was apparent (table 1).
The addition of FeCl; enhanced viability and growth of
amebae although the number of pfu recovered was less
than in heat inactivated serum.

The effect of exogenous iron and reduced pH on ameba
viability was also determined in pooled human serum. In
human serum not heat inactivated, no pfu were recovered
after 48 h incubation, regardless of amount of iron added.
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The need or affinity of Naegleria species for iron-contain-
ing compounds in axenic culture and in vivo has been
demonstrated® > 7 & 12 18 The growth-promoting effect of
iron on procaryotes in mammalian sera has been estab-
lished® ¥, In procaryotes, this has been attributed to the
role of iron as a growth-essential factor not readily acquired
in serum. The addition of small amounts of iron will
saturate iron chelators in serum thus making free iron
available to procaryotes.

We have observed that addition of iron could maintain
ameba viability and/or growth in heat inactivated human
serum and in both heat inactivated and non-heat treated
newborn calf serum. Growth in heat inactivated newborn
calf serum was observed only when a large amount of iron
(200 pug Fe/ml) was added to serum. Lesser amounts in
bovine serum did not promote growth (unpublished data).
Exogenous iron and reduction of pH to 6.2 greatly en-
hanced viability of amebae in human serum, but little or no
growth occured.

In our study relatively large amounts of iron were needed
to promote ameba viability and limited growth. It is
questionable whether this iron acts solely as a growth
factor. Addition of FeCl; (200 or 330 pg Fe/ml) did cause
some temporary precipitation of serum components. The
possibility that iron-induced amebic growth and viability in
serum was promoted by alteration of the physical environ-
ment rather than acting exclusively as a growth factor
cannot be excluded at this time. However, the iron pro-
moted viability of amebae in serum is of considerable
interest and may be of value in understanding the pathoge-
nesis of free-living amebae.

Table 1. Number of plaque forming units (pfu) in newborn calf
sera

The pH of human serum after addition of various iron ie;jxn; ierFanéh stHCnl

solutions rgnged from 8.1 to 8.7. In heat inactivated sera pH 7.8 200 pg Fe/ml pH 6.2

with and without exogenous iron, pfu were recovered (pH pH 62

range 8.1-8.7). However, the addition of iron did not

enhance viability. In a 2nd series of experiments iron was /000 pfu/ml added

added to heat inactivated serum, and the pH was reduced ~Heat inactivated

to 62 with 1 N HCL When this was inoculated with ~ 2Ler48h 8000 29,000 0

after 96 h 6000 48,000 0

48,000 pfu/ml, an enhanced recovery of pfu compared to Not heat inactivated

controls was observed after 96 h (table 2). after 48 b 0 26,000 0

Discussion. The results of this study show that limited after 96 h 0 18,000 0

growth of pathogenic N. fowleri can be induced in calf 30,000 pfu/ml added

serum by exogenous iron. In addition, ameba viability was  Heat inactivated

enhanced after 96 h incubation in heat inactivated human after 48 h 18,000 60,000 3000

serum if the pH of serum was reduced to 6.2 in conjunction after 96 h 6000 90,000 0

with iron supplements. The presence of an amebicidal heat  Not heat inactivated

labile factor was obvious in both sera. The addition of after 48 h 0 29,000 0

FeCl; moderated this factor somewhat in calf serum but after 96 h 0 49,000 0

was without effect in human serum.

Iron is essential for the growth of nearly all living systems. Y 2lues are pfu/ml.

Table 2. Number of plaque forming units (pfu) in human serum (heat inactivated) after 96 h

Serum + PAS, Serum+ FeCls, Serum + FeCls, Serum + FeCls, Serum + FeSQy, Serum + FeSOy, Serum + FeSO4,

pH 8.7 330 pg Fe/ml 20 pg Fe/ml 2 pg Fe/ml 330 ug Fe/ml 20 ug Fe/ml 2 pg Fe/ml
+HC], + HCl, +HC], +HCl, +HC], +HCl,
pH6.2 pH 6.2 pH6.2 pH 6.2 pH 6.2 pH 6.2

48,000 pfu/ml added

9400 21,000 59,000 35,000 51,000 34,000 37,000

Values are pfu/ml.
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The effect of cyproterone acetate on spermatogenesis and thumb pads of the skipper frog, Rana cyanophlyctis

(Schn.)!

S.K. Saidapur, H.N. Yajurvedi and M. A. Hooli

Department of Zoology, Karnatak University, Dharwar-580003 (India), 4 March 1981

Summary. The administration of cyproterone acetate (CPA) to adult male frogs of the species R.cyanophlyctis caused a
significant reduction in the number of cell nests with primary spermatogonia (stage 0) per seminiferous tubule cross
section, and a marked reduction in the height of the thumb pad epidermis and mucous glands. It is concluded that the
development and/or proliferation of primary spermatogonia in R. cyanophiyctis are androgen dependent.

The antiandrogenic effects of cyproterone acetate (CPA)
are well known in mammalian species?, while comparative
studies on lower vertebrates are limited to a few species
only*’. Similarly, the role of androgens in spermatogenesis
is well established for mammals®, while for amphibians the
picture is at present rather confusing®!’. The objective of
the present work was to elucidate the involvement of
androgens, if any, in the spermatogenesis of the frog, Rana
cyanophlyctis, by using CPA, which is known to bind the
androgen receptor sites. In addition, the effect of CPA on
Leydig cell morphology and histochemistry, and on the
thumb pads (androgen dependent structure) has been in-
vestigated.

Table 1. Effect of cyproterone acetate on the testis of R. cyanophlyctis

Adult male frogs (R.cyanophlyctis), obtained from the
surrounding areas of Dharwad in August, were used. The
Ist group (8 specimens) received 0.1 ml amphibian Ringer
solution and served as controls. The 2nd and 3rd groups (10
in each group) were injected with 0.1 ml amphibian Ringer
solution containing 250 pg and 500 pg CPA respectively.
Injections were given i.m. on alternate days for 26 days (13
injections) and animals were autopsied 24 h after the last
injection. The relative weights were recorded and represen-
tative pieces of testes and thumb pads were fixed in Bouin’s
fluid for histological and histometric studies'!. The remain-
ing pieces of testes were used for the histochemical assay of
the enzymes A°-3f-hydroxysteroid dehydrogenase (3f-

Group Average testis weight Average diameter (pm)? Leydig cell

(mg/100 g b. Testis Testis tubule Leydig cell 45-3-HSDH G-6-PDH

wt) weight+ SE nuclear diameter activity® activity®
Control 185+25 1700+ 18 251+9 52+02 +++ ++++
Treated with 189+ 24 163025 241+ 6 5.0+£0.03 + 4+ + ++++
250 ug CPA NS NS NS NS
Treated with 180+ 17 1681+ 23 24117 5.0+0.1 ++ + ++++
500 ug CPA NS NS NS NS
2 Values = SE; N‘S, nonsignificant. ® Intensity of reaction is visually graded.
Table 2. Effect of cyproterone acetate on spermatogenesis in R. cyanophlyctis

Number of cell nests/seminiferous tubule cross section ( SE)
Group Stage 0 Stage I Stage 11 Stage II1 Stage IV Stage V
Control 5.38+0.05 3.71£0.19 2.6140.07 1.63+0.12 1.3+0.05 1.35+0.04
Treated with 3.21+£0.02 3.56+0.04 2.08+0.16 1.80+£0.09 1.64+0.13 1.48+0.05
250 ug CPA p <0.001 NS NS NS NS NS
Treated with 3.51£0.1 3.374+0.11 2.4910.52 1.344+0.07 1.5240.1 1.25+£0.06
500 ug CPA p < 0.001 NS NS NS NS NS

p-Values calculated by Student’s t-test between control and experimental groups. NS, nonsignificant.



