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Abstract

The presence of aldehyde groups at C-23 and C-24 of the triterpen aglycon moiety was disclbsBt/iR spectra of both the Riedel
de Haen saponin (R¥ 0.336) andQuillaja saponariaQuilA saponin § 9.348). The sign of the C-28 acylated linked moietyL {6) was
present in both saponins, while th&71 at C-28 (carboxy group) corresponding to the deacylated saponin, was only detected in the QuilA
preparation, indicating 50% of hydrolysis of the ester moiety, probably due to the storage in aqueous solution. The normoterpen moiety
was present in both saponins (signal8 44—18).The chemical removal of saponin glicidic moieties gave rise to their sapogenin fractions.
TheirH NMR spectra showed the presence of two signb®226 and 9.236) for sapogenin R and two sign&is 338 and 9.352) for the
QUuilA sapogenin. The intensity of the signals suggested two conformational isomers of sapogenin R in the ratio 53% of equatorial aldehyde
group to 47% of axial aldehyde group, and two conformational isomers of QuilA sapogenin in the ratio 76% of equatorial aldehyde group
to 24% of axial aldehyde group. The chemical treatment abolished the saponin slight in vivo toxicity, reduced their hemolytic potential, did
not affect their aldehyde contents, but gave rise to an enriched axial aldehyde-containing sapogenin R with enhanced potential on antiboc
humoral response (anti-IgM, IgG, IgG1, IgG2a, IgG2b and 1gG3) and to an enriched equatorial aldehyde-containing QuilA-sapogenin
that induced a mainly cellular specific immune response (increased intradermal response to leishmanial antigensand IEW:Is) and
effective protection against murine infection bydonovani(77% reduction in liver parasitic load). Our results suggest that the Riedel de
Haen saponin is probablyQuillaja saponariasaponin.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction resulting in subsequent activation of innate immune re-
sponse (reviewed ifil]). Effective adjuvants may provide
Pathogen-associated microbial patterns (PAMPs) area non-self, microbial signal or a host-derived danger signal
evolutionary conserved structural elements common to both essential for induction of co-stimulatory molecules.
microbial pathogens (lipopolyssacharide, bacterial lipopro-  Adjuvants can be classified depending or not whether they
teins, peptideglycans and CpG motifs) that can induce ahave direct immunoestimulatory effect on APC or function
pro-inflammatory innate immune response. They are rec-as antigen delivery systeff]. LPS derived Monophospho-
ognized by receptors on the innate immune antigen pre-ryl Lipid A, unmethylated CpG motifs and saponins are the
senting cells (APCs). This recognition leads to activation three main groups of direct immunostimulatory adjuvants
of pro-inflammatory cytokines and chemokines and final [2]. Quillaja saponariasaponins are the adjuvant of veteri-
up-regulation of membrane-bound co-stimulatory molecules hary vaccines against canine babesid$sHIV [4] and
foot and mouth disead®], among others. Cumulative ref-
" Corresponding author. Tek:55-21-256-26742; erences in literature point out their outstanding and specific
fax: +55-21-560-8344/8028. adjuvant potentia[3—5]. The QS21 purified saponin, iso-
E-mail addressclarisaps@infolink.com.br (C.B. Palatnik de Sousa). lated from QuilA mixture was already used in clinical trials
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with malaria peptide vaccingg] and to low dose HIV-1 conditions[9]. The deacylated saponins are significantly
gpl20[7]. QS-21 is currently under clinical evaluation for less toxic and capable of eliciting a TH2 response while
various vaccines and has been tested in more than 3000 pafail to stimulate either a lymphoproliferative response or
tients in 60 clinical trials (reviewed if8]). Some structural  the formation of CTL (CD8)9]. Spontaneous deacylation
characteristics ofuillaja saponariasaponins include the  would occur in aqueous solution or mild alkaline conditions
presence of an aldehyde group at C-4 and oligosaccharide(reviewed in[18]). This deacylation process is disadvanta-
chains attached to position C-3 and C-28 of their triterpen geous for vaccine formulation since storage would lead to a
aglycone[9]. A unique feature of the quillaja saponins ap- loss of vaccine capacity,18]. In order to stabilize vaccine
pears to be the presence of two normoterpene ester moietieformulations semi-synthetic analogs of quillaja saponins
linked linearly to a fucosyl residue attached at the C-28 were designed by replacing the unstable lipophylic ester
position. The aldehyde group is crucial for the saponins ad- moiety with other hydrophobic chain linked by a stable
juvanticity, mainly for stimulation of TH1 respon$@]. On amid-bond to the carboxyl group of glucuronic acid in C-3
the other hand, the acylated C-28 linked hydrophobic moi- position of triterpen (GP1-010(p,8]. This was performed
ety is responsible for stimulating the production of cytotoxic either on total Quillaja saponin mixture (GPI-01J9] or
T cell response (CTL) against exogenous prot¢ns0]. in QS21 purified saponin (RDS-1)[8]. While GPI-0100 can

Leishmania donovanthe agent of human and canine vis- stimulate a Thl antibody isotype profile (IgG2a) as well
ceral leishmaniasis is an obligatory intracellular parasite that as CTL production against exogenous antigijsRDS-1
provokes a severe and frequently lethal disease whose conshowed moderate IgG2a response but did not sustained the
trol requires a well-established cellular immune response. CTL response at any dose evaluaf8tl Even in the case
For the development of a vaccine against canine visceralof recovered activity the reacylated adjuvant however, was
leishmaniasis, we analyzed the effect of several adjuvants20-fold less potent than the native oj&9].
in formulation with the fucose—mannose ligand_eishma- On the other hand, the aldehyde of the Quillaja saponins
nia donovani{FML) antigen[11] in Phase 1-2a trials on the may form an imine group (Schiff base) with amino groups
murine model: alumin, Freund incomplete adjuvant (FIA) on the surface of certain T cell-receptors to provide a
[12], BCG (Bacille Calmete Guérip Interleukin 12 (IL-12) co-stimulatory signal that is transduced by the receptor
and Riedel de Haen, QuilA and QS21 saporihk]. The [9,19]. The aldehyde group may replace the B-7 ligand as a
best performances were obtained with formulations contain- co-stimulatory signal and thus bias the immune system to-
ing QuilA, Riedel de Haen and QS21 saponin (73-93% ward a Thl respong®]. This signal would not be down reg-
protection)[11]. We also recently reported that prophylac- ulated by CTLA-4 receptof9,19]. Chemical modification
tic canine vaccination with the FML-QUIlA vaccine lead to of the Quillaja saponin aldehyde-group but not of the car-
95% of protection against canine visceral leishmaniasis in boxyl group of glucuronic acifR0] results in the complete
exposed vaccinated dogs (80% of vaccine efficacy) of anloss of their adjuvanticity. Effective immunopotenciatory,
endemic area for human and canine visceral leishmania-aldehyde-containing drugs were developed base on the dis-
sis[13]. After vaccination with FML-QUuIlA, a pronounced covery that small exogenous Schiff-base forming molecules
decrease in human kala-azar cases was also detd&gd could substitute for the natural donor of carbonyl group and
The effect of the FML-QUIlA vaccine was noted as well in  provide a co-stimulatory signal to CDO4T helper cell{19].
the immunotherapy treatment &f donovaniandL. cha- Previous work demonstrated the hemolytic activities of
gasiinfected dogg$14]. In this case, the adjuvant effect was saponins are related to their chemical struct[#&—23]
demonstrated in the enhanced or sustained higher levels ofThe hemolytic effect is stronger in steroid than in triter-
the protective antibody subtype (IgG2) and delayed type of pen saponin$21,22] Also, in triterpen saponins, the size
hypersensitivity response to the leishmanial antigen, and inof the attached glicidic chains modulates the 4gf21].
the reduced number and extent of clinical signs. Also, CD4 The saponin ofPeriandra mediterraneafor instance, has
lymphocyte percent values in peripherical blood mononu- a single sugar chain attached to carbon C-3 via oxygen;
clear cells (PBMC), that are normally decreased in canine this chain is composed of two residues of glucuronic acid.
kala-azar, correlating with dog infectivity to phlebotomines The low hemolytic effect of this triterpen saponin (HD50
[15-17] remained within the range of normality, as com- 250ngmi—1) was abolished by removal of the glycosidic
pared with normal uninfected dogs from the endemic area. moiety (HD50> 500uwg mi—1) [21]. This might be one of
Noteworthy, the CD8 percents were significantly increased the cases in which the membranolytic activity may be at-
in all immunotherapy treated dogs over the normal values, tributed to the oligosaccharide moiety of the sapd@i8i.
as expected for the enhanced CTL response, after a QuillajaThe analysis of saponin and sapogenin fractions isolated
saponin vaccine treatmeftt]. from Bredemeyera floribundahowed that also in this case

It has been recently demonstrated that the lipophilic the removal of the glicidic moiety abolished the undesirable
acyl side chain of Quillaja saponins which is responsible hemolytic activity maintaining however the adjuvant poten-
for the remarkable stimuli for CTL production against ex- tial [24].
ogenous proteins also appears to be responsible for the Inthe present investigation we aimed to: (1) evaluate the
Quillaja saponin toxicity and instability under physiological integrity of the QuilA saponin preparation that was stored
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in frozen aqueous solution for 0-5 years before use in theall groups. The adjuvant concentration inducing 50% of
prophylactic and immunotherapeutic vaccination of dogs the maximum homeless was considered thesdi{@raph-
against canine visceral leishmaniafi8,14] (2) compare ical interpolation). Each experiment included triplicates at
its chemical structure to the undisclosed and also highly po- each concentration. A series of 2-5 independent experi-
tent Riedel De Haen saponin and (3) analyze the potentialments was performed for the analysis of eachshiDHu-
effect of the total chemical removal of the glicidic moieties man red blood cells for the hemolytic assay, were obtained
on the possible reduction of in vivo and in vitro toxicity and from healthy adult blood bank donors (Hospital Univer-
on the adjuvant potential of both triterpen saponins in the sitario Clementino Fraga Filho, Universidade Federal do Rio
murine model of visceral leishmaniasis. de Janeiro, RJ, Brazi[R1]. The red blood cell suspension
was prepared by finally diluting the pellet to 0.5% in saline
solution.
2. Material and methods
2.4. In vivo sapogenin toxicity
2.1. Isolation and purification of sapogenins
Toxicity (assessed by lethality, local pain, local swelling,
loss of hair) was tested in Swiss Albino female mice. g0
of either Riedel De Haén or QuilA sapogenins dissolved
in sterile saline were injected subcutaneously (s.c.) on the

One gram of Riedel De Haén Saponin pure (R)
(8047-15-2, EINECE, West Germany) and of 1 g@dil-
laja saponariaMolina, QuilA purified saponin (Superfos

Biosector a/s, and, Kvistgaard, Denmark) were treated wit
100ml 2N H2SO4 at 100C for 1 h. The reaction mix-

h back in mice, as three weekly doses. The mice were mon-

itored during 7 days. As positive controls, the toxic effect

ture was cooled at room temperature and slowly deposited®f tot@! Riedel De Haen and QuilA saponin mixtures were

white amorphous powder which was collected by filtration,

monitored.

washed with water, and dried. The residue was subjected to
column chromatography on silica gel (10g606« 10cm),
eluted with chloroform-methanol (97.5:2.5, (v/v)) (5ml ) ) . ]
each eluent). The fractions 40-45ml showed similar thin _ Animals were immunized with three weekly doses of the
layer chromatography profiles in the above described sol- FML antigen ofL. donovani(150p.g) [11] and 10Qug of
vent system R 0.40). The product (96 mg) was identified Riedel De Haén sapogenin (two experiments, each one with

as quillaic acid by spectroscopic methods. n = 10 each), QuilA sapogenin (one experiment with-
10) in 200ul sterile saline solution through the subcuta-

neous route in the back of 2 month old Swiss Albino fe-
males. Saline and adjuvant-treated animals were included
, ) . as controls§ = 10 for each group). Isolation and chem-
100_mg ,Of commercial saponin R and 100mg of QUIIA jco characterization of the fucose mannose ligand (FML)
saponin mixture (Superfos Biosector, Denmark) and 100 Mg gpiained from stationary-growth phase promastigotess. of
of each respective sapogenin fraction were solubilized in y5novani SudarfLD 1S/MHOM/SD/00-strain JSwas per-
purified aqueous solution. All the samples were further ex- (.4 a5 previously describé25]. Briefly, promastigotes
changed with RO, with intermediate lyophilizationand then a6 sybmitted to an aqueous extraction followed by heat in-

i i 13 1
dissolved in 0;6 ml DMSQls. The **C and“H NMR spec- activation and centrifugation. The aqueous supernatant was
tra were acquired on a Bruker DRX-400 NMR spectrometer o ohijized and fractionated by gel filtration on a Bio-Gel

with tetramethylsilanes(= 0.00) gsed as internal standar_d P-10 column yielding the FML glycoproteic complex in void
on a 100.613 MHz frequency using a 5mm Broad Band in- \,o1yme [25]. The FML-vaccine is registered as a Patent:
verse probe at 2%C. INPI number: P11100173-9 (18.3.97). Federal University of
Rio de Janeiro. Brazil. Ten days after immunization, animals
were challenged by intravenous injection of 208 amastig-
otes (eishmanigL.) donovani LD-1S/MHOM/SD/00-strain
Normal human red blood cell suspension (0.6 ml of 0.5%) 19, obtained from infected hamster spleens. Animals were
was mixed with 0.6 ml diluent containing 5, 10, 20, 30, sacrificed 30 days after infection, and their liver and spleen
40, 50, 100, 250 and 5Qymi~—1 concentrations of the parasite loads were monitored in Leishman—Donovan Units
Riedel De Haén and the QuilA total saponins and sapogeninof Stauber on Giemsa-stained imprints (LDY number
fractions in saline solution. Mixtures were incubated for of amastigotes per 1000 cell nuclgi mg organ weight).
30 min at 37C and centrifuged at 7@ g for 10 min. Free Sera of animals before and after infection were analyzed
hemoglobin in the supernates was measured by absorbancby FML-ELISA and delayed type of hipersensitivity assay
at 412 nm[21]. Saline and distilled water was included as against leishmanial antigen was measured 7 days after com-
minimal and maximal hemolytic controls. The hemolytic plete immunization, before infection, and 30 days after in-
percent developed by the saline control was subtracted fromfection.

2.5. Immunization and infection of mice

2.2. NMR spectroscopy

2.3. Hemolytic assay
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2.6. Immunological assays

The anti-FML antibody levels were assayed in all
the vaccinated groups using the FML-ELISA as previ-
ously described[11], with 2pg antigen per well and:
goat anti-mouse IgG or anti-lgM peroxidase conjugate
(Sigma) or goat anti-mouse IgG1, 1gG2a, IgG2b and 1gG3

2473
3. Results
3.1. NMR analysis of sapogenins

Samples of the Riedel de Haen saponin (R) anQuoil-

laja saponariaMolina QuilA saponin mixture were both
solubilized in purified aqueous solution (100 mgw)l

horseradish peroxidase conjugated antibodies (Southernshowing pH = 5.5. After liophilyzation, thel*C NMR

Biotechnology Associates, Birmingham, AL, USA) in a
1:4000 dilution in blocking buffer. The reaction was de-
veloped with O-phenyldiamine (Sigma), interrupted with
1IN sulfuric acid, and monitored at 492. Sera were
analyzed by double-blind tests, in triplicate. Positive and

spectra of both saponins in DMS@ were recorded. Re-
sults are shown ifrig. 1. Two signals a8 —210.8 suggest
the presence of adehyde groups at C-23 and G-&4 ().
Also, the characteristic sign of the C-28 acylated linked
moiety ¢ 176) is present in both saponins, while th&71

negative control sera were included in each test. ReSU'tSat C-28 (Carboxy group) Corresponding to the deacy|ated

were expressed as log2 titers. According to conventional
serology, titrations differing by two or more dilutions are
significant.

The delayed type hypersensitivity (intradermal reaction
to promastigote lysate) was determined by injecting mice
intradermally, 10 days after the complete immunization, and
27 days after infection, in the right hind footpad, with’10
freeze-thawed stationary phase promastigotek.alono-
vaniin 0.1 ml sterile saline solution, measuring the footpad
thickness with a Mitutoyo apparatus, both before and 24,
48 and 72h after injection. Controls were performed by
injecting each animal with 0.1 ml saline in the left hind
footpad. At each time, the values of the saline control were
subtracted from the reaction due te®ishmaniaantigen
[11].

The Gamma interferon (IFNj level in serum was mea-
sured by enzyme-linked immunosorbent assay (ELISA)
[11]. Capture and biotinylated monoclonal antibodies for
gamma interferon (IFNy) (R4-6A2, XMG1.2) and the re-

saponin, is only detected in the QuIilA preparation, indicat-
ing 50% of hydrolysis of the ester moiety, probably due
to the storage in aqueous solution. The saponin R, freshly
analyzed from the lyophilized preparation showed no signal
of deacylation. The presence of the normoterpen moiety
was confirmed in both saponins (signals dt4—18).

ThelH NMR spectra of both saponins is shownfig. 2
The presence of aldehyde groups at C-23 and C-24 is dis-
closed by the signal§ 9.336 and 9.348 in saponin R and
saponin QuilA, respectively. This was confirmed by Hhe
NMR of the sapogenins which showed the presence of two
signals a 9.226 and 9.336 for sapogenin R and two signals
at$ 9.338 and 9.352 for the QuilA sapogenifid. 3). The
intensity of the signals suggested two conformational iso-
mers of sapogenin R in the ratio 53% of equatorial aldehyde
group and 47% of axial aldehyde group, and two conforma-
tional isomers of QuilA sapogenin in the ratio 76% of equa-
torial aldehyde group and 24% of axial aldehyde group. Our
results suggest that the Riedel de Haen saponin is probably

combinant cytokine was purchased from Pharmingen (Sanga Quillaja saponariasaponin.

Diego, Calif., USA). Levels of IFNy were determined fol-
lowing manufacturer’s instructions (Pharmingen). Briefly,
anti-cytokine capture antibody was dilutedy@mi=t) in
binding solution, incubated overnight at@ on Nunc max-

3.2. In vivo toxicity assay and in vitro hemolysis

isorb immunoplates, washed, blocked and further incubated The hemolytic activities of the sapogenin fractions were

with sera samples diluted in glycerol (1:1) for 2h, at room
temperature. The biotinylated anti-cytokine detection an-
tibody (1wgmi~?) diluted in blocking buffer, was added
and incubated for 1 h at room temperature. Development o
the reaction was performed with streptavidin—horseradish
peroxidase (Dako) andO-phenyldiamine (Sigma) and
stopped with sulfuric acid 1N. Reading of the optical
density was done in a microplate reader set to 92
A standard curve using preparations with known con-
centration of mouse recombinant r-IFNwas performed
for each assay. The detection limit was 15pgl
[11].

Means were compared by a standdrtest, ANOVA
analysis, simple factorial test and by one way ANOVA,
Student—Newman-Keuls method (SPSS for windows). Cor-

compared to their respective total saponin preparations. The
HDsg are represented imable 1 The QuilA saponin was
the most hemolytic, followed by saponin R. The hemolytic

feffect was drastically decreased in sapogenins. No lethality

was detected after treatment with three dosis of | Z§@f
each saponin, nor local pain or swellintaple J). Only loss

Table 1
Toxicity in vivo and haemolytic effect of saponins

Adjuvant Local Swelling Loss Lethality HD50
pain of hair (ngmi—1)

R saponin 0/9 0/9 2/9 0/9 25

R sapogenin 0/9 0/9 0/9 0/9 238

QUIIA saponin 0/9 0/9 4/9 0/9 3

QUIlA sapogenin  0/9 0/9 0/9 0/9 298

Note Results are expressed as number of mice per group that showed

relation coefficient analysis was determined on a Pearsonany reactivity within 7 days after each one of the three subcutaneous

bivariate, two-tailed test of significance (SPSS for windows).

injections of 20Qug saponin in the back of each animal.
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Fig. 1. Characteristic carbon signals in NMR spectra of 100 mg of the QuilA saponin (A) and 100 mg of the saponin R (B) in 0.6 mt aM25°C.
Some assignments are indicated.

of hair at the local of injection was detected in 4 animals were disclosed after infection (ANOVA analysi®;> 0.05).
treated with QuilA and 2 animals treated with saponin R. On the other hand, after infection, significant increases over
These slight deleterious effects were abolished after chemi-saline and adjuvant controls were only found in sapogenin
cal treatment of the saponins. Indeed no in vivo toxicity was R-FML treated animals, for I1gG, IgG1 and 1gG2a and in

found in the sapogenin treated mice. sapogenin QuilA-FML treated animals for IgG1 and IgG2b.
The chemical removal of R saponin glycidic moieties re-
3.3. Vaccination assays with sapogenin adjuvants leased then a potent humoral aldehyde-containing triterpen

adjuvant that still enhances the synthesis of the protective

Animals were immunized with three weekly doses of subtypes of immunoglobulins. The same treatment on QuilA
the FML antigen ofL. donovaniand Riedel De Haén (R)  saponin, yielded also an aldehyde—triterpen sapogenin that
or QuilA (Q) sapogenins. Seven days after immunization, induced however, mostly lower and unspecific antibody
and 30 days after infection with.eishmania donovani  responses against FML antigen.
amastigotes, sera of animals were collected and analyzed by The increases in anti-FML immunoglobulin titers were
FML-ELISA (Fig. 4. ANOVA analysis disclosed significant  highly significantly correlated between all classes and sub-
variation among treatments only for Ig® (= 0.003) and types, but IgM and IgG3K = 0.000-0.044).
for IgG1 (P = 0.012). According to conventional serology, The intradermal response to the donovanif/t lysate
titration differing in two or more dilutions is significant. Be-  antigen is represented Fig. 5 (top). The footpad swelling
fore infection, and although all FML-treated groups showed was evaluated at 0, 24, 48 and 72 h after antigen injection.
increase in antibody titters over their saline controls, only The IDR values were already subtracted from their respec-
the sapogenin R-FML treatment let to a specific increase tive saline control. The values obtained before infection are
in anti-IgM, 19G, 1gG1, 19gG2a, 1gG2b and IgG3 antibod- represented on the left and those obtained after infection on
ies over their respective adjuvant control, showing also the right. ANOVA analysis disclosed highly significant dif-
the highest absorbency values. The QuilA sapogenin-FML ferences in IDR responses between all different treatments
vaccine, on the other hand, showed mainly non-specific re- (P < 0.0005; F = 6.181) only at 24 h. Also, IDR values
actions. Comparing to the antibody titers before infection, were significantly higher, after infection than before, at all
no significant increases in any type or subtype of antibodies tested times ® < 0.0005-0.025).
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Fig. 2. Characteristic hydrogen signals in NMR spectra of 100 mg of the QuilA saponin (A) and 100 mg of the saponin R (B) in 0.6 midp &MSO

25°C. Some assignments are indicated.

As shown inFig. 5, significant increases in intradermal
reaction toL. donovaniantigen were only detected 24 h
after injection ¢ = 0.0001). At this time, only the QuilA
sapogenin and the QuilA sapogenin-FML groups were dif-
ferent from their saline control (Student—-Newman—Keuls
test, level 0.50). Therefore, animals treated with QuilA
sapogenin-FML, but not with R sapogenin-FML induced a
significant IDR reaction over their saline controls. These

These results pointed out that the chemical removal of the
triterpen glicidic fractions abolished the induction of IRN-
secretion of the Riedel de Haen saponin while maintained
that of the QuilA saponin.

The reduction of liver parasitic load in response to
each FML-vaccine formulation, is shown Iig. 5 (bot-
tom). No significant differences were detected between the
saline, adjuvant control and the R sapogenin-FML vaccine

enhancements however, were the result of the unspe-treatment. The only specific reduction of liver parasitic

cific effect of the QuilA sapogenin treatment which it-

self enhances IDR. Indeed, while the chemical removal
of the saponin glicidic fractions completely abolished
the IDR induction potential of the R saponin it only re-

duced the potency and specificity of the QuilA saponin
treatment.

The analysis of interferon levels was carried out in sera of

load was achieved by the QuilA-FML sapogenin treated
animals which showed 77% of protection, significantly
different from saline P < 0.005) and from sapogenin con-
trols (P < 0.025). This means that protection was related
to the antigen-adjuvant formulation and not merely to a
non-specific adjuvant effect.

Taken together, the chemical removal of triterpen glicidic

vaccinated and control animals, 30 days after infection. The moieties from Riedel De Haen and QuilA saponins abol-

results, summarized iRig. 5(center). The most pronounced
significant and specific IFN-increase (53.4%) was found in
animals treated with QuilA sapogenin-FML. This increase
was significantly different from that of the saline control
(P < 0.005) and the sapogenin contra® & 0.05) groups.

ished their slight toxicity, did not affect their aldehyde con-
tents, but gave rise to an enriched axial aldehyde-containing
R-sapogenin with enhanced potential on antibody humoral
response and to an equatorial enriched aldehyde-containing
QuilA-sapogenin that induced a mainly cellular specific
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Fig. 3. Characteristic hydrogen signals in NMR spectra of 100 mg of the sapogenin R (A) and 100 mg of the sapogenin QuilA (B) in 0.6 ndsDMSO

at 25°C. Some assignments are indicated.
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Fig. 4. Anti-FML IgG, IgM, 1gG1, IgG2a, 1gG2b and IgG3 antibodies
titers before and after infection. Swiss Albino mice were vaccinated with
the FML antigen ofLeishmania donovan{F) and sapogenin R (R) or
sapogenin QUilA (Q). Control animals received only saline (S) or adjuvant,
as indicated. The/ axis represents the FML-ELISA legtiters of the

immune response and effective protection against murine
infection byL. donovani

4. Discussion

Although Quillaja saponariasaponins have been widely
used for effective vaccination against experimental cancer,
viral, bacterial and protozoan infections (reviewed26])
and commercial veterinary vaccines. Some slight toxic un-
desirable effects however, still limit their wide use for human
vaccination[26]. Several clinical trials in humans are being
performed using QS21 saponin at lower dosages than the
recommended for veterinary vaccines. The saponin fatty acid
moiety is also the responsible for the saponin toxicity evident
by hemolytic activity{11,27], mice lethality{18,27]and loss
of hair[11]. This moiety is also responsible for saponin in-
stability and is spontaneously lost at mild alkaline conditions
or agqueous solutions by deacylation what leads to reduction
of toxicity and of their capacity to stimulate an effective cy-

pool of sera obtained from each treatment (two experiments, each with totoxic T cell response which is crucial for vaccines against

n = 10), before and after infection.

obligatory intracellular parasit¢$8]. Aiming to reduce tox-
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Fig. 5. (A) Delayed type hypersensitivity in Swiss Albino mice immunized with the FML antigebeefhmania donovan(F) and and sapogenin R

(R) or sapogenin QUuilA (Q). Control animals received only saline (S) or adjuvant, as indicateg. akie represents the thickness of skin test in mm.

From right to left: the intradermal reaction, both before and after infection, at 24, 48 and 72 h after injection {vfteek®-thawed stationary phase
promastigotes of.. donovani At each time, the values of the saline control were subtracted from the reaction deé&hmaniaantigen. (B) Analysis

of interferon+y levels in sera of vaccinated and control animals, after infection littlonovani They axis represents the levels of interfergnedetected

by a specific ELISA assay, expressed as the ratio achieved by each treatment group over its saline control. (C) Liver parasitic burden in FML-vaccinate
Swiss Albino mice after infection with.eishmania donovaniThe y axis represents the liver parasitic load in percent of Leishman Donovan units
(LDU = number of amastigotes per 1000 cell nucteinilligram organ weight), 30 days after infection with ®@mastigotes of.. donovanj by the
endovenous route. Horizontal lines represent the standard deviation. (two experiments, each-\¥i.

icity without loss of adjuvant potential, several strategies and QS21FML animals showed the highest serum 4FN-
were designed. Combinations of QS21 and of QS7, anotherconcentrations. The reduction of parasitic load in liver in
predominantQuillaja saponariasaponin which lacks the response to each FML-vaccine formulation was: 73%<(
long hydrophobic C-28 attached moiety, reduced the pre- 0.005) for saponin R-FML, 93%K < 0.005) for saponin
vious described QS21 toxicitj28] maintaining its adju-  QuIlAFML and 79.2% @ < 0.025) for QS21FML treated
vant potential. Another approach was the development of animals, respectively. Protection was specific for saponin
semi-synthetic saponins by chemical deacylation of the C-28 RFML and QS21FML while the QuilA saponin treatment
linked moiety and replacement by another lipophylic chain, itself induced 69% of LDU reductiofiL1]. In the present
linked by a stable amid bond to the saponin glucuronic investigation, although a typical Thl humoral response
acid attached to C-3. This has been performed on the en-was lost for the QuilA sapogenin, a Thl cellular immune
tire saponin mixture (GPI1-01009] or to the purified QS21  response remains still active. Indeed, active and specific
saponin[8]. Both treatment reduced toxicity but also adju- IDR, secretion of IFNy and a pronounced reduction of
vant potential in a 20 fold. In this investigation, we described LDU in liver were detected after FMLQUuilA-sapogenin
an alternative method, which completely removes toxicity of vaccination. The increase of serum IRNlevels was not
Quillaja saponariasaponins and sustains adjuvant potential. correlated to the increase in IgG2a neither for QuilA
In previous investigation, working with the same in- saponin-FML [11] nor for QuilA sapogenin-FML treat-
fection model, we described a typical Th1l/Th2 antibody ment (this investigation). A slight reduction in potency at
response against the FML antigen using the Riedel de Haernthese variables was found: footpad thickness average was
saponin or the QuIilA or the QS21 saponin with strong spe- 0.7 mm for saponin QuilA-FML25] and 0.4 mm for sa-
cific enhancements of 1gG1, IgG2a and IgGPd]. The pogenin QuilA-FML (this investigation). This difference
QS21FML and QUuIIAFML groups achieved the highest however was not significant. Protection in liver parasitic
IgG2a response. QUIIAFML developed the strongest DTH load reduction was 93% for QuilA saponin-FML1] and
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