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Abstract

Serum from wild alligators was collected and tested for antibiotic activity against three enveloped viruses using cell-based assays. Alli-
gator serum demonstrated antiviral activities against human immunodeficiency virus type 1 (HB¢<2018%), West Nile virus (WNV;
IC50=4.3%), and Herpes simplex virus type 1 (HSV-15d€ 3.4%). The inhibitory concentration (¢) is defined as the concentration of
serum that inhibits 50% of viral activity. The antiviral effects of the alligator serum were difficult to evaluate at high concentrations due to
the inherent toxicity to the mammalian cells used to assay viral activities. Tkg(3€um concentration that reduces cell viability to 50%)
values for the serum in the HIV-1, WNV, and HSV-1 assays were 32.8, 36.3 and 39.1%, respectively. Heat-treated SE€rua0 (6th)
displayed IGg values of >50, 9.8 and 14.9% for HIV-1, WNV and HSV-1 viruses, respectively. In addition, thg/@lDes using heat-treated
serum were substantially elevated for all three assays, relative to untreated serum (47.3 to >50%). Alligator serum complement activity has
been shown to be heat labile under these conditions. HIV-1 antiviral action was heat-sensitive, and thus possibly due to the action of serum
complement, while the anti-WNV and anti-HSV-1 activities were not heat labile and thus probably not complement mediated.
© 2005 Elsevier B.V. All rights reserved.
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Alligators often sustain serious injuries due to territorial Wild alligators were captured at night from a boat with the
disputes with other alligators. These conflicts often end with use of a spotlight and a cable snare. Blood was collected via
severe damage such as loss of entire limbs. However, alli-the spinal vein using an 18 ga. needle and a 60 mL syringe
gators exhibit remarkable ability to heal rapidly and without (Olsen et al., 1975; Zippel et al., 2003’ he blood was re-
infection, particularly considering the septic environment in moved to a 15 mL serum Vacutaiffeand allowed to clot at
which they live (Merchant, unpublished observations). Re- room temperature for approximately 3 h. The serum was sep-
cent studies in our laboratory have demonstrated the wide-arated by centrifugation (3000g, 15 min) and was frozen
ranging antibacterial and amoebacidal activities of alligator at —20°C until ready for use.
serum Merchant et al., 2003, 2004More recent studies The effectiveness of alligator serum against the laboratory-
have demonstrated that these activities are due to a potenadapted 1B strain of Human immunodeficiency virus-type 1
and broad-acting serum complement systitarchantetal., (HIV-1y8) was examined using a cell-based assay in which
2004). This study was conducted to investigate the antiviral the virus was used to infect a human T lymphoblastoid cell
effects of alligator serum. line (CEM-SS). The assays were conducted as previously

describedBuckwold et al., 2001 The results represent the
means of three independent determinations for each serum
* Corresponding author. Tel.: +1 337 475 5773; fax: +1 337 475 5950.  dilution and are expressed as % reduction of viral cytopathic
E-mail addressmmerchan@mcneese.edu (M.E. Merchant). effects (CPE), based on virus control (cells plus virus, no
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drug; 0% baseline) and cell control. The data indicate that The anti-West Nile virus (WNV) activity of alligator
the alligator serum exhibits potent anti-HId activity at serum was investigated by employing a cell-based assay
20-64-fold dilutions (5 and 1.6% seruffig. 1A), with 100 in which Vero African green monkey kidney cells were
and 89% reduction in CPE, respectively. The cell toxicity infected with the WNV strain NY-99. The assays were
index at these serum concentrations was 0, as 100% cell via-conducted as previously describefinflerson and Rahal,
bility was observed in the cultured CEM-SS cells treated with 2002. Similar to the HIV-1 assay, the results represent the
5.0 and 1.6% alligator serunfrig. 1B). The anti-HIV-15 means of three independent determinations for each serum
activity of the serum is difficult to assess at concentrations dilution and are expressed as % reduction in CPE. Ribavirin
above 5% due to the inherent toxicity to the CEM-SS cells (IC50=80.6p.g/mL; TC50>200pg/mL) was included as a
(Fig. 1B). However, it is likely that both the anti-HIViis positive control antiviral compound. The data reveal that the
activity and the CEM-SS cell toxicity are mediated by the alligator serum shows moderately high activity against WNV
serum complement system, as heat treatmerit@580 min) at relatively low dilution Fig. 2A). For instance, 16% alliga-
of the serum obliterated both effectsi§. 1A and B). Like tor serum exhibited 77% of maximal anti-WNV activity. In
human complement activity, alligator serum complement is addition, this same serum dilution produced a 24% reduction
sensitive to heat inactivatiorMerchant et al., 2004 The in Vero cell viability due to its cell toxicityFig. 2B). Higher
ICs0 is defined as the serum concentration that inhibits 50% serum concentrations (50% serum) reduced cell viability by
of viral activity, while the TG is defined as the serum con- 60%, while the anti-WNV effect was reduced to 32%. The
centration that reduces the mammalian cell culture viability full potential of the anti-WNV properties of alligator serum
to 50%. The IGp value for HIV-1;g antiviral activity was are difficult to evaluate due to the toxicity of the serum toward
determined to be 0.85% serum, while thes§@r CEM-SS the Vero cells. An 1Gg value for WNV antiviral activity was
cell toxicity was 32.8% serum. In contrast, both thgd@nd determined to be 4.3% serum, while thesp@or Vero cell
TCsp values were >50% serum for the heat-treated serum.toxicity was 36.3% serum. Moreover, it is interesting to note
AZT was included in the assay as a positive control antiviral that, unlike the anti-HIV effects, the anti-WNV effects and
compound (IGg=6.1nM; TGso>1000 nM). the Vero cell toxicity were virtually identical in untreated
and heat-treated alligator serufid. 2A and B). These data
indicate that the anti-WNV activity and Vero cell toxicity
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Fig. 2. Anti-WNV activity and Vero cell toxicity of alligator serum. (A)
Anti-WNV activity expressed as % reduction in viral CPE. (B) Vero cell
toxicity expressed as % cell viability. HT: heat-treated.

Fig. 1. Anti-HIV-1;g activity and CEM-SS cell toxicity of alligator serum.
(A) Anti-HIV-1 ;5 activity expressed as % reduction in viral CPE. (B) CEM-
SS cell toxicity expressed as % cell viability. HT: heat-treated.
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120 1 Fig. 3B), but the cytotoxic effectis not completely suppressed
= 1001 as the heat-treated serum elicited an 18% reductipn in Vero
[$) —&—Serum cell CPE. These data illustrate that the mechanism of the
g go] ~HT Serum anti-HSV-1 activity of alligator serum is not mediated by the
< serum complement system.

S 601 It is interesting to note that vertebrates as ancient as al-
g 20 ligators display natural innate immunity to viruses that they
o in all likelihood have not regularly encountered during their
L 201 evolution. The fact that alligator serum was least effective
against the West Nile virus is supported by reports of iso-
O i o8 1sm . 5 156 s0 lated West Nile infections in alligator populatioridglakoff,
(@) Alligator % (v/v) 2003; Miller et al., 200R The anti-HIV-1 data presented in

this study, along with the wide spectrum of antibacterial and
1204 antiparasitic properties of alligator serutdrchant et al.,
2003, 2004, suggest that alligators have evolved a strong

S 10 and broad-acting serum complement system. These data are
2 804 consistent with the hypothesis that some phylogenetically
8 Iﬁ?"é?mm ancient vertebrates, such as certain reptiles and teleost fish,
= 601 have evolved a more complex innate immune system en lieu
8 40+ of adaptive immunity $unyer et al., 1997 However, the ac-
§ tivities against the HSV-1 and WNV show that other antiviral

20 4 mechanisms are active in alligator serum. To our knowledge,

this is the first report of antiviral activities against enveloped
0156 . 05 156 . 5 156 50 viruses in the serum of lower vertebrates.
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Fig. 3. Anti-HSV-1 activity and Vero cell toxicity of alligator serum. (A)  Acknowledgements
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