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In vivo tests were performed to assess the influence of the protease inhibitor TL-3 on feline immunodefi-
ciency virus (FIV)-induced central nervous system (CNS) deficits. Twenty cats were divided into four groups
of five animals each. Group 1 received no treatment, group 2 received TL-3 only, group 3 received FIV strain
PPR (FIV-PPR) only, and group 4 received FIV-PPR and TL-3. Animals were monitored for immunological and
virological status, along with measurements of brain stem auditory evoked potential (BAEP) changes. Groups
1 and 2 remained FIV negative, and groups 3 and 4 became virus positive and seroconverted by 3 to 5 weeks
postinoculation. No adverse effects were noted with TL-3 only. The average peak viral load for the virus-only
group 3 animals was 1.32 � 106 RNA copies/ml, compared to 6.9 � 104 copies/ml for TL-3-treated group 4 cats.
Group 3 (virus-only) cats exhibited marked progressive delays in BAEPs starting at 2 weeks post virus
exposure, which is typical of infection with FIV-PPR. In contrast, TL-3-treated cats of group 4 exhibited BAEPs
similar to those of control and drug-only cats. At 97 days postinfection, treatments were switched; i.e., group
4 animals were taken off TL-3 and group 3 animals were treated with TL-3. BAEPs in group 3 animals returned
to control levels, while BAEPs in group 4 animals remained at control levels. After 70 days on TL-3, group 3
was removed from the drug treatment regimen. Delays in BAEPs immediately increased to levels observed
prior to TL-3 treatment. The findings show that early TL-3 treatment can effectively eliminate FIV-induced
changes in the CNS. Furthermore, TL-3 can counteract FIV effects on the CNS of infected cats, although
continued treatment is required to maintain unimpaired CNS function.

Feline immunodeficiency virus (FIV) is a member of the
lentivirus family and represents a significant pathogen in the
cat population, particularly in the United States and Japan (18,
30). The virus causes an AIDS-like syndrome in the cat with
disease progression similar to that observed in human immu-
nodeficiency virus type 1 (HIV-1)-infected humans. Addition-
ally, certain strains of FIV induce central nervous system
(CNS) dysfunction in the cat reminiscent of effects ascribed to
HIV-1 infections in humans (11, 16), including alteration of
sleep patterns and delays in brain stem auditory evoked po-
tential (BAEP) changes (19). FIV infection results in a marked
reduction in rapid eye movement sleep and increased wake-
fulness in experimentally infected animals (20). In addition,
signs of dementia are commonly reported in end-stage infected
cats in the field (3, 4, 7, 18, 21). Unlike many other symptoms
that occur early in FIV infection, changes in sleep patterns and
delays in BAEPs are progressive and are not resolved by the
end of the acute phase of infection (19, 22–24).

Combination drug therapies have been used successfully in
the treatment of AIDS brought on by infection of individuals
with HIV-1. In particular, the use of highly specific inhibitors
of the viral aspartic protease (PR) in combination with inhib-

itors of reverse transcriptase (RT), referred to as highly active
retroviral therapy, suppress HIV-1 replication to undetectable
levels (2, 6, 9, 17). However, in the cat, drug treatment modal-
ities have been limited to experimental use of RT inhibitors
such as zidovudine or dideoxyinosine, since protease inhibitors
that have been developed for use against HIV-1 are ineffective
against FIV (5, 25). Recently, a compound has been identified,
termed TL-3, that was developed as a broad-based protease
inhibitor with efficacy against HIV-1, FIV, and simian immu-
nodeficiency virus ex vivo (12, 13). In the present study, we
have carried out in vivo analyses to determine if TL-3 can
ameliorate or reduce the CNS deficits noted with FIV infec-
tion, as well as the viral load and secondary responses to virus
infection in the periphery. The results show that treatment of
cats with TL-3 in conjunction with high-dose FIV strain PPR
(FIV-PPR) infection can prevent the onset and progression of
functional CNS pathology. Furthermore, TL-3 treatment of
infected cats showing delays in BAEPs resulted in the return of
potentials to control latencies. Removal of the latter cats from
the TL-3 treatment regimen resulted in reappearance of the
CNS deficits noted prior to treatment. Importantly, animals
protected initially by TL-3 treatment did not develop delays in
BAEPs after being taken off the drug, implying that early
protection may substantially limit CNS involvement during
FIV infection.

MATERIALS AND METHODS

In vivo infection protocol. Four groups of five cats each were used, in the
following scheme: group 1, no treatment; group 2, TL-3 treatment only; group 3,
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FIV-PPR infection only; group 4, FIV-PPR infection plus TL-3 treatment. Base-
line CD4� and CD8� counts, BAEPs, blood chemistry panels, complete blood
counts, weight, and general health conditions were recorded for each of the 20
cats prior to initiation of the experiment and over the course of treatment. The
cats were 15 weeks old at the beginning of the experiment. The average cat
weight prior to experimental treatment was 2 kg. All cats exhibited similar weight
gains of �1 kg by the end of the first 5 weeks and an additional �0.4 kg by 15
weeks postinfection. Drug-treated animals (groups 2 and 4) received 2 � 20 mg
of TL-3 orally per day in gelatin capsules. This dosage was shown in pilot studies
to be well tolerated by both cats and mice (see Results). The compound was
administered twice daily to groups 2 and 4, between 7 and 8 a.m. and between 3
and 4 p.m., for 96 days. At the end of this period, groups 2 and 4 were removed
from the drug treatment regimen and animals in group 3 were placed on TL-3
under the regimen previously used with groups 2 and 4. Treatment was sustained
for 70 days, after which all animals were removed from the TL-3 treatment
regimen.

Animals were housed individually, kept on a 12-h light-dark cycle, and fed lab
chow and water ad libitum in a temperature- and humidity-controlled environ-
ment. Animals were manipulated daily and familiarized with the recording en-
vironment to reduce stress associated with handling.

BAEPs and VEPs. Sensory evoked responses of isoflurane-anesthetized cats
were recorded, as described elsewhere (19), every 15 days for 34 weeks starting
17 days following TL-3 treatment and 14 days after FIV inoculation. Isoflurane-
anesthetized cats were maintained at normal body temperature with a heating
pad and acutely aseptically fitted with subcutaneous monopolar needle elec-
trodes (TECA Intropak DMG-25) to differentially record BAEPs, middle-la-
tency auditory evoked potentials (AEPs), and visual evoked potentials (VEPs).
Active electrodes were implanted centrally near the vertex and on the midline
over the frontal sinus. A third needle electrode was placed in the nuchal muscles
and served to ground the animal to reduce signal artifacts. In order to record
BAEPs and AEPs, cats were fitted with bilateral polyethylene ear tubes placed
into the external auditory canal. A Y connector attached the two tubes to the
central sound source (Grass Instrument Audio Amplifier). A computer program,
using National Instruments software (LabView) and written for the Apple
Macintosh microcomputer, was used to generate the stimuli and to collect the
data. The sound stimuli consisted of a 70-dB sound pressure level condensation-
produced click generated by a 100-ms input to the audio amplifier. Raw signals
obtained within the first 10 ms poststimulation were amplified by a Grass P-511
amplifier, filtered between 300 and 3,000 Hz, and computer averaged. Stimuli
were delivered biaurally at a rate of 10 Hz for a total of 1,024 stimuli for BAEPs
and at a rate of 1 Hz for a total of 100 stimuli for AEPs.

For VEPs, a Grass clinical photostimulator was used to deliver flashes (0.1-ms
duration) with the photostimulator intensity set at 16. The flash lamp was placed
30 cm from the nose of the cat. Ambient lights remained on.

Evoked events were analyzed offline by using the signal-averaging capabilities
of a Macintosh microcomputer with custom-made LabView software. Averaged
peak latencies and amplitudes were calculated, expressed as z scores (number of
standard deviations away from the mean in the observation), and compared
individually between animals and as group means. The latency of each BAEP,
AEP, and VEP component was measured as the time from the stimulus arrival
at the cat’s ears or eyes to a wave’s positive peak. Amplitude was measured as the
peak-to-trough distance. In addition, the P1-to-P3 and P4-to-P6 interpeak inter-
vals were calculated by subtracting the absolute latency values for P1 and P3 and
for P4 and P6. Results were compared by a repeated-measure analysis of vari-
ance, with the Scheffé F test used for specific comparisons when indicated by the
analysis of variance.

Animal care, maintenance, and experimental procedures followed the Na-
tional Institutes of Health Guide for the Care and Use of Laboratory Animals and
the Scripps Research Institute Animal Care Committee standards.

Measurement of humoral antibody responses. All animals were monitored for
humoral antibody responses to FIV by enzyme-linked immunosorbent assay for
several weeks following virus inoculation as previously described (14). Briefly,
96-well microtiter plates were coated with 5 ng of gradient-purified FIV per well
and the wells were blocked for nonspecific binding with 5% nonfat dry milk
(BLOTTO) (8). The wells were then incubated with serial dilutions of serum
obtained from control and FIV-infected animals at weekly intervals and incu-
bated for 1 h at 37°C. The wells were then washed and incubated with alkaline
phosphatase-conjugated rabbit anti-cat antibody at 37°C for an additional hour.
The wells were again washed and developed with p-nitrophenyl dye to detect
relative levels of anti-FIV antibody.

Detection and quantification of TL-3 in serum. Blood was taken at 15 and 30
min and 1, 2, 4, 8, and 24 h from two cats after TL-3 dosing. The evaluation of
TL-3 bioavailability in the blood by blood draws was stopped at 24 h to avoid

undue stressing of the cats. Serum samples (200 �l) were diluted with 200 �l of
0.5 M Na2CO3, extracted with ethyl acetate, dried, and dissolved in methanol.
Samples were analyzed on a Perkin-Elmer Sciex API-3 nanoelectrospray ioniza-
tion triple-quadrupole mass spectrometer. As an internal reference for nano-
electrospray analysis, the cat serum was spiked before extraction to 500 nM with
DL-1, a protease inhibitor similar in structure to TL-3 but with a higher molec-
ular weight. The TL-3 concentration per milliliter of blood was estimated by
calculating the peak height ratios of the Na�-ionized TL-3 peak to the reference
standard Na�-ionized DL-1 and then comparing these values to a standard curve
of the TL-3 extracted from spiked serum.

Viral RNA extraction and first-strand cDNA transcription. Viral RNA was
extracted from infected cat plasma harvested at various time points throughout
the experiment with the QiaAmp viral RNA kit (Qiagen). For extraction effi-
ciency comparisons, 109 copies of kanamycin (KAN) RNA (Promega) were
spiked into each of the plasma samples prior to RNA extraction. In vitro tran-
scription was performed on extracted FIV-PPR and KAN RNA with Stratascript
RT (Stratagene) by following the manufacturer’s instructions. cDNA was gen-
erated at 42°C for 1.5 h with primers for the FIV-PPR RT d(GGGGGTTCTT
CCTGTAATTTATC) and KAN d(AATGGCTGGCCTGTTGAACAA) genes.

Quantitative RT-PCR (QRT-PCR). PCR products were generated from the
FIV-PPR and KAN cDNAs with an ABI PRISM 7700 thermal cycler (PE
Applied Biosystems, Foster City, Calif.) and LUX primer technology (Invitro-
gen). Primer pairs were designed with the LUX Designer software available at
www.invitrogen.com/LUX (15). A 5� region of the FIV-PPR RT gene (96 bp)
and an 80-bp KAN gene sequence were amplified per sample in separate wells.
The following primer pairs, one of which was 3� labeled with the reporter dye
FAM (6-carboxyfluorescein), were used: FIV-PPR RT forward primer d(GGA
CTACCTCACCCTGCTGGA) and reverse primer d(ctactttGGATCGAGGGG
AATGGTAAAGTAG, where the lowercase letters are the complementary bases
for hairpin formation opposite the primer end) and KAN forward primer d(ca
aaccCAATCACGAATGAATAACGGTTTG) and reverse primer d(AATGGC
TGGCCTGTTGAACAA). PCR mixtures (25 �l) were set up in duplicate per
sample per gene (RT or KAN) with 5 �l of cDNA, the ready-to-use Platinum
Quantitative PCR SuperMix-UDG (Invitrogen) mixture, and either the primer
pair (10 �M each) for FIV-PPR RT or the primer pair for KAN. Reaction
mixtures were first heated at 50°C for 2 min (UDG treatment) and then dena-
tured at 95°C for 2 min. A two-step cycling protocol was used for 40 cycles of
95°C for 15 s and 60°C for 45 s.

Standard curves were generated in duplicate for each QRT-PCR run with
1-log serial dilutions (107 to 101) of either a plasmid containing the 5� 4-kb
sequence of FIV (includes the gene for RT) or the pET28a(�)vector plasmid
(Novagen) containing the gene for KAN. Standard dilutions were aliquoted and
maintained at �20°C for less than 2 months in order to ensure a single freeze-
thaw cycle and DNA stability. The QRT-PCR standard curve slopes ranged from
�3.5 to �3.0, indicating PCR efficiencies (E � 10[�1/slope]) between 93 and
115%. The correlation coefficients (R2) ranged from 0.98 to 0.99, indicating good
linearity of the standard curve. Accumulated PCR products resulting in fluores-
cence signals were analyzed with a Sequence Detector Software program (SDS,
version 1.9.1). We obtained nearly identical values for KAN quantitation in every
KAN sample well, indicating minimal loss due to experimental manipulation.
Background values (week 0 plasma samples) were subtracted per sample. Viral
load values closely resembled previously published viral loads obtained from
FIV-infected cats (10), and detection limits were in the range of 100 copies/ml of
plasma. Data were statistically analyzed in a Microsoft Excel program.

RESULTS

TL-3 is orally bioavailable in cats. Given that TL-3 had been
previously used only in vitro, we first assessed the toxicity of the
compound in mice. Mice were given 4 mg of TL-3 per mouse
twice per day in 1% carboxymethyl cellulose (as a carrier) over
3 days via a stomach tube, for a total dose of 320 mg/kg per day.
No adverse clinical signs, such as weight loss, ruffled fur, ane-
mia, or lethargy, were observed during the following 3-week
observation period. Next, we tested the bioavailability of TL-3
and its effects in two specific-pathogen-free male cats. Cats
were administered a single gelatin capsule containing TL-3 at
a dose of 10 mg/kg of body weight. Blood was drawn at 15 and
30 min and 1, 2, 4, 8, and 24 h after dosing to evaluate the
presence of TL-3 in the serum. Serum samples obtained from
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blood were analyzed with a nanoelectrospray ionization triple-
quadrupole mass spectrometer (see Materials and Methods).
The results presented in Fig. 1 document TL-3 in the serum,
with peak levels between 4 and 6 h after ingestion, confirming
bioavailability after oral administration and the presence of the
protease inhibitor over a time period typical for other protease
inhibitors (26, 31). The two cats were clinically evaluated over
a 2-week period, and no adverse effects were noted as a result
of TL-3 treatment.

TL-3 efficacy in cats. A study was initiated with 20 specific-
pathogen-free female cats, divided at random into four groups
of five cats each. Group 1 received no treatment, group 2
received 2 � 20 mg of TL-3 orally (gelatin capsules) per day,
group 3 received an intravenous inoculation of high-dose
(10,000 50% tissue culture infective doses) FIV-PPR only, and
group 4 received both the drug and the virus, as described for
groups 2 and 3, respectively. Animals were given 20 mg of TL-3
at 8 a.m. and again at 4:30 p.m. for 72 h prior to virus admin-
istration. All animals were continuously monitored for overall
health, behavior, and relative weight gain. Blood was drawn
from all animals at weekly intervals for assessment of blood
chemistry, cell counts, antigenemia, humoral antibody, and
drug quantification. As previously noted in the TL-3 drug ef-
ficacy pilot study, no negative drug effects were noted in drug-
only group 2. All of the cats in groups 3 and 4 seroconverted
(Fig. 2), indicating that all of the cats were infected with the
high-dose FIV-PPR inoculum. Interestingly, cat 203 showed an
approximately 2-week delay in the appearance of antiviral an-
tibody relative to the other animals in the untreated group 3
(Fig. 2).

QRT-PCR was conducted on RNA isolated from plasma

samples taken at different intervals during the study (Fig. 3).
The viral load varied between the different group 3 (Fig. 3a to
e) and group 4 (Fig. 3f to j) cats, with values ranging as high as
5.8 � 106 copies/ml (cat 203) to levels below the detection limit
of the assay (fewer than 102 copies/ml [cat 210]). Cat 203 (Fig.
3a) consistently showed a higher viral load over time compared
to the other cats. Six of the 10 cats showed an increase in the
viral load during the second week postinfection (three from
each treatment group). Four of five cats in non-TL-3-treated
group 3 showed a renewed viral load increase after the seventh
week (Fig. 3a, b, d, and e), which did not occur in TL-3-treated
group 4 (Fig. 3f to j). An increase in the average peak viral load
was observed in the absence of TL-3 treatment compared to
the presence of TL-3 treatment (Fig. 4, AVE). The average
peak viral load over the first 10 weeks of the experiment was

FIG. 1. Quantitative nanospray analysis of cat serum after oral
TL-3 administration. Two cats were each administered a single gelatin
capsule containing TL-3 at a dose of 10 mg/kg of body weight. Blood
samples were taken at 15 and 30 min and 1, 2, 4, 8, and 24 h after
dosing. The TL-3 concentration per milliliter of blood was estimated
by calculating the peak height ratios of the Na�-ionized TL-3 peak to
the reference standard, Na�-ionized DL-1, and then comparing these
values to a standard curve of TL-3 extracted from spiked serum.

FIG. 2. Seroconversion of FIV-infected cats as a function of TL-3
treatment and time postinfection. Enzyme-linked immunosorbent as-
say analyses were performed as described in Materials and Methods.
All uninfected animals remained seronegative (data not shown). Se-
roconversion rates remained within a similar range for all FIV-infected
animals, except cat 203 (top panel, empty box), which showed a de-
layed response relative to those of identically treated cats. Symbols
represent data points for cats 203 to 207 (upper panel) and 208 to 212
(lower panel). OD 405, optical density at 405 nm.
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FIG. 3. Viral RNA load measurements. Cat plasma viral loads of groups 3 (a to e) and 4 (f to j) were measured at various times postinfection.
Group 3, FIV infection minus TL-3 treatment; group 4, FIV infection plus TL-3 treatment. Viral load measurements at 1, 2, 4, 7 and 10 weeks
postinfection are shown. Most cats exhibited a viral load increase at 2 weeks postinfection. Cat 203 (a) consistently maintained higher viral loads
compared to those of identically treated cats in group 3. Cat 210 (h) had a high baseline value.
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1.32 � 106 for the untreated group and 6.9 � 104 for the
TL-3-treated group. After 10 weeks, overall viral load values
for all cats were no longer measurable by QRT-PCR (i.e.,
values were below 102 copies/ml; data not shown).

Effects of TL-3 on sensory evoked responses. Six waves were
identified in the short BAEP complex by visual inspection, P1
to P6 (Fig. 5a). The BAEPs of the TL-3-treated group (group
2) showed no latency changes over the course of the study in
any of the six waves (Fig. 5b, filled circles) compared to con-
trols. On the other hand, BAEP waves from FIV-infected cats
(group 3) showed significant delays in the latency of the P3 and
P4 waves starting at 30 and 15 days post FIV infection, respec-
tively (P � 0.01), compared to the control group (Fig. 5b, filled
squares). In contrast, BAEPs of TL-3-treated, FIV-infected
animals (group 4) did not show significant changes (Fig. 5b,
empty triangles) compared to controls.

Interestingly, after treatments were switched and the group
3 animals started to receive TL-3, the delays observed in the
latency of P3 and P4 returned to control levels, while BAEP
waves in the group 4 cats did not change with TL-3 withdrawal
(Fig. 5b). After 70 days on the switched treatment, TL-3 treat-
ment was suspended for all cats. The P3 and P4 latencies
increased significantly in the group 3 cats (P � 0.01) 22 days
post TL-3 withdrawal compared to those of controls (Fig. 5b).

In addition to the absolute values of the BAEP latency
peaks, we calculated both the P1-to-P3 and P4-to-P6 interpeak
intervals (regions denoted in Fig. 5a), as a measure of the
transmission time of stimuli along the lower and upper brain
stem portions, respectively. The P1-to-P3 interpeak interval
was significantly longer in group 3 (FIV-infected cats) (2.70 	
0.01 ms; P � 0.05) compared to control values (group 1) (2.66
	 0.01 ms), whereas the P4-to-P6 interpeak intervals were
significantly shorter in group 3 (1.67 	 0.02 ms; P � 0.05)
compared to control values (1.72 	 0.01 ms). These disrup-
tions were observed at 30 and 45 days postinfection, respec-
tively. As with the absolute BAEP wave latency values, the
interpeak intervals in the FIV-infected group returned to con-

trol levels after TL-3 treatment commenced. However, with-
drawal of TL-3 treatment induced a renewed increase in the
P1-to-P3 interpeak interval (2.74 	 0.01 ms) and a renewed
decrease in the P4-to-P6 interpeak interval (1.61 	 0.01 ms) in
FIV-infected cats (group 3) (P � 0.01) compared to control
cats (2.67 	 0.01 and 1.70 	 0.01 ms, respectively). These
alterations were observed 22 days after TL-3 withdrawal.

AEPs and VEPs did not show significant differences in the
latency of their waves compared to those of the control group.
None of the amplitudes of the BAEP, AEP, and VEP com-
plexes reached the level of statistical significance compared to
the control values (data not shown). Note that the BAEP
values of cat 203, in both P3 and P4, were markedly exacer-
bated (Fig. 6, boxes) compared to the average values for all

FIG. 4. Peak viral load as a function of TL-3 treatment. Compari-
son of the peak viral loads of non-TL-3-treated group 3 animals with
those of TL-3-treated group 4 animals. The average peak viral load
(AVE) was 1.32 � 106 for group 3 and 6.9 � 104 for group 4. Individual
cat numbers are shown in parentheses.

FIG. 5. Measurement of BAEP changes. (a) Representative BAEP
recorded from an anesthetized cat. Its principal positive peaks (P) and
P1-to-P3 and P4-to-P6 interpeak intervals are indicated. Latencies
were measured from the onset of audio stimulation. (b) Averaged
waveform latencies of P3 (upper) and P4 (bottom) BAEPs expressed
as z scores. Increases in z scores indicate delays in peak latency from
the control values (dotted line). Significant delays in the FIV-only
group 3 cats were observed on P3 and P4 starting at 30 and 15 days,
respectively, post FIV infection (*, P � 0.01 compared to control
group). Note that when FIV group 3 cats were treated with TL-3, an
improvement in the latency of these peaks was observed. However,
when TL-3 treatment was suspended, the significant delays in P3 and
P4 reappeared. There were five cats in each group.
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group 3 (virus-only) cats (solid lines). Cat 203 initially re-
sponded to TL-3 treatment started on day 97, but increased
latencies returned to near untreated levels despite drug treat-
ment, which is particularly apparent in P3 (Fig. 6, upper
panel).

DISCUSSION

Previous studies have shown that the protease inhibitor TL-3
exhibits broad efficacy in tissue culture against FIV, HIV-1,
and simian immunodeficiency virus (12), as well as several
drug-resistant HIV-1 isolates recovered from patients under-
going therapy with currently approved antiprotease drugs (1).
In the present study, we wished to perform initial tests to
determine the efficacy of the compound in cats. Initial tests
showed that high-dose treatment of mice with TL-3 had no ill
effects. Studies were then performed with cats that showed the
appearance of the compound in serum, with peaks between 4
and 6 h postadministration (Fig. 1). The level of TL-3 in these

two animals varied considerably, consistent with the genetic
variability of these outbred animals. Also, a high drug dosage
was not maintained over a 24-h period. Nevertheless, the find-
ings indicate that treatment with TL-3 resulted in lower peak
viral loads in the first 10 weeks of the experiment, with average
values of 6.9 � 104 copies/ml for the TL-3-treated animals in
group 4, as opposed to 1.32 � 106 copies/ml for the virus-only
group 3 animals (Fig. 4). Considering that average peak viral
loads for a heterogeneous animal pool may not be ideal, we
simultaneously present individual peak viral loads for the same
time period (Fig. 3). After 10 weeks postinfection, viral loads in
all infected animals decreased below the detection limit (data
not shown). The findings suggest that strong humoral and
cell-mediated immunity is able to substantially control the viral
load in the periphery after the initial acute phase of infection.
However, given the observed influence of TL-3 treatment on
BAEP measurements in infected cats at later times, the results
indicate that viral loads in the CNS are still sufficient to cause
delays in BAEPs after viral loads in the periphery have fallen
to levels below the detection limit of the assay (�102 copies/
ml). Similar to what is thought to occur in HIV infections, FIV
may also avoid immune surveillance in privileged cell environ-
ments such as the CNS.

Sensitive tests were performed to monitor changes in BA-
EPs as a function of FIV infection, a criterion that has consis-
tently shown delays in FIV-PPR-infected cats (20, 22). The
neurophysiologic dysfunction associated with FIV infection
that we have observed in previous studies resembles changes in
brain stem conduction potentials seen in humans with HIV-1
infection, Alzheimer’s disease, and Parkinson’s disease with
dementia (27–29). In both HIV-infected patients and FIV-
infected cats, the predominant delays in potential (BAEP la-
tencies occur in the late waveforms [IV and V in humans, P4
and P5 in cats]), which represent conduction through the upper
level of the brain stem. In addition, the alterations in the
latency of BAEP components correlate with progression of
neurologic disease. In the TL-3 study, FIV-only group 3 cats
showed marked delays in the latency of P4 compared to the
other three groups, consistent with altered upper-level brain
stem conduction mechanisms. Our results also indicated delays
in the latency of the P3 wave, providing evidence that the lower
brain stem was also compromised in the FIV-infected cats
(group 3) (Fig. 5b). These results confirm previous studies that
demonstrate that infection of cats with certain FIVs induces
disruptions in the components of the BAEPs (20, 22). On the
other hand, the FIV-infected, TL-3-treated cats (group 4) did
not have a significant change compared to either uninfected
cats (group 1) or cats receiving TL-3 alone (group 2), suggest-
ing that the maintenance of a low viral load early on afforded
by TL-3 treatment limited the influence of the virus on CNS
function. The results imply that there may be a threshold viral
load that is required for successful early crossing of the blood-
brain barrier and productive infection of the CNS that was not
obtained in the presence of TL-3. The fact that animals receiv-
ing early TL-3 treatment did not develop CNS lesions when
removed from the drug treatment regimen at 97 days postin-
fection suggests that treatment with TL-3 at the beginning of
FIV infection has a protective effect against virus establish-
ment in vivo, especially in the CNS. The protective effect re-
sults in inhibition of the delays in the latency of the component

FIG. 6. Averaged waveform latencies of P3 (upper) and P4 (bot-
tom) BAEPs expressed as z scores for cat 203 compared to those of
identically treated cats. Significantly greater delays were observed in
the P3 and P4 measurements of cat 203 (C203, empty box) starting at
30 and 15 days, respectively, post FIV infection (P � 0.01) compared
to those of identically treated cats in group 3 (FIV).
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of the BAEPs, and this threshold may be raised in older ani-
mals. The findings may relate to the degree of development of
the blood-brain barrier in these young animals. Treatment that
reduces the early viral load may afford a degree of protection
until the animals mature.

The protective effect of TL-3 was also observed in the FIV-
infected cats (group 3), where a normalization in the latency of
the P3 and P4 waves was observed after the cats received the
TL-3 treatment as of 97 days postinfection (Fig. 5b). These
results suggest that the early neurological alterations observed
in infected animals could be reversed by opportune treatment
with this protease inhibitor. However, the reappearance of
alterations in the latency of BAEPs after the withdrawal of
TL-3 in FIV-infected cats (group 3), despite undetectable viral
load fluctuations in the plasma, supports the notion that the
viral load is variable, depending on the compartment analyzed.
It also suggests that the protective effect of TL-3 requires
continued drug treatment once the virus has crossed the blood-
brain barrier and the CNS has been compromised. In sum-
mary, the findings here are consistent with the notion that an
increased viral load in the CNS (i.e., in the absence of drug
treatment) results in exacerbated delays in BAEP and that
TL-3, by virtue of limiting the viral load in the CNS, resolves
these delays. It is likely that there exists a viral load threshold
for infection of the CNS in immature cats that is not reached
in TL-3-treated animals (group 4) but is reached in infected
animals not receiving TL-3 (group 3). As the animals mature,
the CNS becomes more resistant to infection, and this, coupled
with a strong immune response, would explain why we did not
see BAEP delays in TL-3-treated group 4 when it was taken off
drug treatment at 97 days. The CNS of infected animals that
did not receive TL-3 treatment initially (group 3) were infected
early, so that BAEP delays (ameliorated by TL-3 treatment at
day 97) returned when drug treatment was terminated at 167
days.

Interestingly, cat 203 (group 3, FIV-PPR infection plus TL-3
treatment) stood out throughout the experiment. It not only
exhibited significantly increased viral loads over time (Fig. 3a)
compared to the other animals but also showed the latest
seroconversion (Fig. 2, top panel). Furthermore, cat 203
showed the greatest increase in BAEP delays (Fig. 6) com-
pared to other animals treated identically. Although the con-
clusions that may be drawn from the observation of one animal
are limited, the findings regarding the exacerbated delays in
BAEPs in cat 203 are consistent with the high level of virus
infection noted in the periphery. In particular, the humoral
antibody responses to viral infection were delayed by approx-
imately 2 weeks in this animal, and throughout the acute phase,
this cat showed viral loads significantly higher than the average
of the other infected animals (Fig. 3). Apparently, this higher
viral load in the periphery, coupled with delays in the immune
response, resulted in substantially more infection of the CNS
as well. Taken together, these results suggest that individual
animal variance is an important factor in viral infection and
underscore the need to examine a cohort study allowing for
animal-to-animal differences.

We conclude that TL-3 may prevent early alterations in the
mechanisms of brain stem conduction in FIV-infected cats.
Further studies are needed to determine the mechanisms in-
volved in this protective effect.
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