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ABSTRACT

Evaluation of the antiviral activity of Amantadine Hydrochloride (AH) against Rift
Valley Fever virus (RVFV) was performed in BHK cells (monolayer and cell suspension), baby,
adult mice and sheep. AH had cytotoxic effect on BHK cell suspension, while it had 50%
cytotoxicity on BHK monolayer at conc. of 3 mg/ml and no cytotoxic effect on baby mice till
Smg/ml. AH stop the replication of RVFV when inoculated at the same time and before
inoculation of RVFV on BHK monolayer cells at concentration of 200ug/ml. Using AH before
and at the same time with RVFV inoculation in adult mice cause high protection (100%), while
using AH after 24, 48 and 72 hours of RVFV inoculation in adult mice leading to 90, 60 and
20% protection respectively. In sheep using the therapeutic dose of AH before and at the same
time with RVFV infection showed no elevation of body temperature, while after 24 and 48 hrs it

minimize the virus titer in sheep sera.
INTRODUCTION

Rift Valley Fever (RVF) is peracute or
acute disease of domestic ruminants in Africa,
caused by mosquito borne virus causing high
meortality rate in new born animals and
abortion in pregnant ones. It is a zoonotic
disease, human become infected by contact
with tissue of infected animals or by mosquito
bite causing severe influenza — like illness.
Encephalitis and haemorrhagic disease occur
and deaths (1,2).

Recently, several antiviral agents have
been developed for treatment of viral infection
by inhibiting specific steps in the process of
viral replication (3).

Amantadine hydrochloride (AH) plays an
important role as a broad spectrum antiviral
agent which has virostatic activities against
both DNA and RNA viruses (4,5) including
equine influenza virus, hepatitis C wvirus,
Herpes wvirus, respiratory equine syncytial
virus infection in children and rabiesin foxes.

The current work aimed to study the
potential activity of Amantadine hydrochloride
against the replication of Rift Valley Fever
VIrus.

MATERIALS AND METHODS
Animals
Sheep

Twenty one adult sheep about 6 - 8

months old tested by SNT and ELISA and

found to be anti body free for RVFV were
used.

Swiss albino mice

Eighty adult mice about 20 gm bodyweight
and Groups of 3 — 5 days old suckling mice
supplied by the breeding unit, Veterinary
Serum and Vaccine Research Institute
(VSVRI), Abbassia, Cairo, Egypt were used.

Tissue culture (BHK)

Baby Hamster Kidney cell line (BHK),
supplied by Rift Valley Fever, (VSVRI),
Abbassia, Cairo, Egypt were used.

RVF virus

ZH 501 (isolated from a human patient in
Zagazig province in 1977), supplied by RVF
Department, (VSVRI), Abbassia, Cairo, Egypt
was used.

Antiviral agent

Amantadine hydrochloride (AH) capsule
(Adamine) 100mg/capsule, manufactured by
RAMEDA Company — Egypt. Ten mg / ml
stock solution in MEM media, was prepared,
sterilized by filtration and used in different
concentrations of; 25, 50, 100, 200, 400, 500,
1000, 2000, 3000, 4000 and 5000ug/ml.

Amantadine Toxicity
Tissue culture

The different concentrations of (AH) were
added to confluent BHK monolayer cells in 96
wells tissue culture plate prepared before 24
hours as well as BHK cell suspension, the
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plates were incubated at 37°C and examined
microscopically for 5 days.

Baby mice

Baby mice were inoculated
Intraperitoneally (I/P) with 0.1ml by the
different concentrations of (AH), then kept
under observation for 15 days for detection of
deaths or any sign of toxicity. Some of baby
mice slaughtered for post mortem examination
(PM).

Antiviral assay of Amantadine
Tissue culture

Confluent BHK 96 wells tissue culture
plates were inoculated with nontoxic
concentrations of (AH) and 10° TCIDsy/ml of
RVFV at a multiplicity of infection MOI of
1:5 of serum free media (6) as follows:-

1- Adding of AH to BHK plates 24 hours before
moculation of RVFV,

2- Adding of AH to BHK plates with RVFV at
the same time.

3- Adding of AH to BHK plates 24 hours after
RVFV inoculation.

The plates were incubated at 37°C and
examined microscopically for 5 days for
cytopathic effect (CPE).

Adult mice

Eight groups of adult mice (10 mice for
each) were inoculated with AH for successive
10 days at concentration of 300ug/ml
(therapeutic dose according to manufacturer
pamphlet) and single dose of 10* MIPLDsy/ml
of RVFV (7) as follows:-

- Inoculation of mice with AH)?4 howrs before
inoculation of RVFV,
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2- Inoculation of mice with AH and RVFYV at
the same time.

3- Inoculation of 3 groups of mice with AH at
24, 48 and 72 hours after RVFV
inoculation.

4- Three groups of mice kept as control for RVFV,
AH and negative one.

Mice were kept under observation for 15
days for detection of any symptom or deaths.
Dead mice were collected for post mortem
examination (PM).

Sheep

Seven groups of sheep (3 for each) were
inoculated with 10° MIPLDsg/ml of RVFV and
treated with AH for 10 successive days as
15mg/kg body weight (therapeutic dose
according to manufacture pamphlet) and as
follows:-

1- Inoculation of 3 sheep with AH 24 hours before
inoculation of EVEFV.

2- Inoculation of 3 sheep with AH and RVFV
at the same time.

3- Inoculation of 3 groups (3 sheep for each)
with AH at 24, 48 and 72 hours after
RVFV inoculation.

4- Three groups of sheep (2 for each) kept as
control for RVFV, AH and negative one.

Sheep were kept under observation with
daily recording of body temperature and any
signs of RVF disease. Sera samples were
collected from sheep groups at the peak of
temperature for virus isolation.
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RESULTS AND DISCUSSION

Table 1. Toxicity of Amantadine Hydrochloride on normal BHK cell and baby mice

Amantadine conc. BHEK Baby mice
pg/ml monolayer Suspension
25 Non toxic Toxic Non toxic
50 Non toxic Toxic Non toxic
100 Non toxic Toxic Non toxic
200 Non toxic Toxic Non toxic
400 Non toxic Toxic Non toxic
500 Non toxic Toxic Non toxic
1000 Non toxic Toxic Non toxic
2000 Non toxic Toxic Non toxic
3000 50% Toxic Toxic Non toxic
4000 100% Toxic Toxic Non toxic
5000 100% Toxic Toxic Non toxic
Cell control Non toxic Non toxic Non toxic

Table 2. Effect of Amantadine Hydrochloride on RVF infected BHK monolayer cells

Amantadine conc. Time RVFV inoculation
g /ml Before At the same time After 24 hour

25 *CPE CPE CPE

50 CPE CPE CPE

100 CPE CPE CFE

200 NO CPE NO CPE CPE

400 NO CPE NO CPE CPE

500 NO CPE NO CPE CPE

1000 NO CPE NO CPE CPE

2000 NO CPE NO CPE CPE

3000 NO CPE NO CPE CPE
Cell control NO CPE NO CPE NO CPE

Virus control CPE CPE CFPE

CPE = cytopathic effect
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Table 3. Effect of Amantadine Hydrochloride on RVF infected adult mice
Groups of Pi? Mumber of mice at Days post infection Survival. Mok
i : Ta v. %
el T2 | 3145|6789 ]10]15 Y
24 h
Before 10 10110110110 1010101101 10] 10| 10 100 0
RVFV
With
RVEV 10 o|j1o0(10l1w0j10l10(10110110]10]) 10 100 0
24h After
RVEV 100 jl1wli10110110110110110] 9 9 9 a0 10
48h After
RVEV i0J10o|l10]10] 8 8 7 6 6 6| 6 6 60 40
T2h After
RVEV 10 10 | 10 9 7 G | 2 2 2 2 2 20 280
Cammol o 1 oloflwlsls|2l1]lolololol o | 108
+ve
C““:;“I‘ 0 |1w|1w|w|w|]w|w|two]iw|10|10]10] 100 0
AH
10 10| 1010110 10| 10| 10| 10 10| 10| 10 100 0
control

Table 4. Mean body temperature of RVF infected sheep treated with Amantadine Hydrochloride

Groups of | No .of Days post infection

sheep | sheep ] 5 5 161 7 1 &S |
24 h

Before 3 |384(384(385| 39 [385] 38 | 38 | 383|385/ 385|382
RVEV

With 3 |385)384|389/| 30 |385/|381 | 38 | 383385387382
A : . ; 38, g1 = . ; : ;
24h After

sk 3 |386|388)393(395(393]| 39 |394]| 39 |385]385/383
48h After

i 3 | 385385397 40 | 395 39 | 39 | 394 39 | 388|385
72h After

S 3 |383|392|40.1 413|402 (395397398395 393 391
C'ﬂ‘:" 2 | 385393405417 405397398 40 | 398395392
C““\f?" 2 |383|385|382(382|383|385|384)|381/|383]385]/332
AHecontrol] 2 [382 (384 (383|382 381383 38.1|383|382]38.1 ] 382
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Mean body temperature of RVF infected sheep
treated with Amantadine Hydrochleride

days

| O before @ with [ 24 aftr

M 48 after

W 72 after | postive W neg

Table 5. Virus isolation and titration from sera of different sheep groups at g day post RVFV

inoculation

24 h : 24h 48h 72h
SHEED | Before [RVT| V' [RVT| After [RVT | After [RVT| After [RvT| SOmro!
EXOUPS | RVFV RVFV RVFV RVFV RVEVI AR
;’t‘;‘f 12 | 66| 23 |55 27 [51] 29 [49] 75 [03 | 78 |04

* Virus titer expressed as log 10 TCIDsp / ml. RVT=reduction of virus titer.

Amantadine  hydrochloride (AH) is
effective in the prophylaxis of equine
influenza A virus (4) Borna disease virus
affect horses, sheep, cattle, cats, dogs and
ostriches (8) and herpes virus (3).

AH was the first highly specific potent
antiviral drug effective against any virus (9) at
low conc. specifically inhibits influenza A
virus.

Table 1 showed results of cytotoxicity of
different concentrations of Amantadine on
monolayer, cell suspension of BHK and baby
mice. AH had cytotoxic effect on BHK cell
suspension, while it had no cytotoxicity effect
till 3000ug/ml and 5000ug / ml for BHK
monolayer and baby mice respectively. These
results are consistent with those previously
reported (10) who reported that AH had 50%
cytotoxic effect on BHK monolayer at conc. of
3000 ug/ml. PM examination of slaughtered
mice cleared normal liver, spleen, intestine,

kidney and brain. Similar results reported that
antiviral agent had minimum toxicity for
normal host cell (11).

Table 2 revealed that AH stop the
replication of RVFV when inoculated at the
same time and before inoculation of RVFV on
BHK monolayer cells at conc. of 200 ug/ml
(50% inhibitory concentration) "IC50" till
3mg/ml . It has been cited previously that AH
had antiviral effect on infected tissue culture
{12). AH had antiviral effect at conc. of 100
ug/ml till 3mg/ml when inoculated with FMD
virus at the same time on monolayer BHK
(10). While using AH after 24 hours of RVFV
inoculation on BHK monolayer had no effect
on RVFV replication.

Table 3 explained that using AH 24h
before and at the same time with RVFV
inoculation in adult mice had high protection
(100% survival percent till 10 days
observation), while using AH after 24, 48 and
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72 hours of RVFV inoculation in adult mice
leading to 90, 60 and 20% protection
respectively, AH had antiviral effect on
influenza A virus when administered in the
first 24 hours to 48 hours of infection and be
given at high dose for at least 10 days (9). PM
examination of dead mice showed typical
RVFV hepatic lesion and severe congestion of
internal organ. Similar PM  lesions were
recorded previous study (13).

Table 4 revealed that using AH as a
therapeutic dose for sheep for 10 days at
different times; 24h before and at the same
ume with RVFV infection showed no
elevation of body temperature for 10 days,
while when used after 24 and 48 hours of
RVFV infection showed mild elevation of
temperature (39 and 39.5°C respectively),
while high elevation of body temperature
(41.3°C) was recorded after 72 hours with
watery nasal discharges and diarrhea, this
picture of symptoms were similar to that of
positive control sheep. Similar findings were
previously cited (14).

Table 5 recorded the titer of RVFV
isolated from sera of different sheep groups
using BHK cell line at the 3™ day (peak of
temperature) which cleared that high virus titer
was 7.5 and 7.8 log 10 TCIDsg/ml of sheep
group treated with AH afier 72 hours post RVFV
infection and positive RVFV sheep control respectively.

It can be concluded that Amantadine
Hydrochloride could be used as prophylactic
and treatment of infected animals during RVF
outbreak by reduction of RVFV titer in serum
of infected animals.
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