e

. AD=AO45 304 ARMY MEDICAL RESEARCH INST OF INFECTIOUS DISEASES FR==ETC F/6 6/13
EFFECT OF SMALL=PARTICLE AEROSOLS OF RIMANTADINE AND RIBAVIRIN ==ETC(U) |

OCT 77 R R TSCHORNy J B ARENSMAN ¢ D E HILMAS

UNCLASSIFIED




"ml—=0 e 22

i s
o i e

E s

e

NATIONAL BUREAU OF STANDARDS
MICROCOPY RESOLUTION TEST CHART




g
E

© _____UNCLASSIFIED _ _—

A >0 8T ¢ CLASSIFICATION OF THIS PAGE (When Data Entered) baig ‘ -
b READ INS NS
’ REPORT DOCUMENTATlON PAGE e, N
i REPORT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT’S CATALOG NUMBER "?

- b~ TITLE (and Subtitle) 5. TYPE OF REPORT & PERIQD_CQYERED
Effect of Small-Particle Aerosols of Rimantadine - B § PSP
and Ribavirin on Pathophysiologic Changes b/// sz;f)';;;erim hmbeJk:
Associated with Swine Flu in Micey 6. PERFORMING ORG. m:w
i o ———————

e 8. CONTRACT OR GRANT NUMBER(s)

R. Tschorn J. B. Atensmanialnl D. E /Hilmas }

. S —

RMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECT, TASK

.S. Army Medical Research Institute of T L
nfectious Diseases  SGRD-UIA-A //

ort Detrick, Frederick, Maryland 21701 62776A(3M762776A841
CONTROLLING OFFICE NAME AND ADDRESS "2"8590“ —

T 7 Octeleme @77

MONITORING AGENCY NAME & ADDRESS(iIf different from Controlling Office) 15. SECUR CLA

UNCLASSIFIED
15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report) D I ) ( k4

Approved for public release; distribution unlimited rann e

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report) !&ubw

18. SUPPLEMENTARY NOTES

Reprints bearing assigned AD number will be forwarded upon receipt.
To be submitted for publication in Antimicrobial Agents and Chemotherapy.

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Rimantadine
Ribavirin

Swine influenza
Chemotherapy

il

20. ABSTRACT (Continue em reverse side if y and identify by block number)

Small-particle aerosols of rimantadine administered continuously beginning 72 h
postinfection for 4 days (21 mg/kg/day) and ribavirin administered beginning

6 h postinfection for 80 min daily for 4 days (26 mg/kg/day) were used to treat
experimentally induced influenza A/NJ/8/76 (Hg,INl) infection in adult female
mice [Dub:(ICR)7]. Over a 12-day period following inoculation, mice from each
group were studied at random to assess rectal temperature; arterial blood pH,

iPaOZ’ aCOz’ and HCO3 values; progressive pulmonary pathophysiological (comt'd)

P DD ,%2™, EDITION OF ! NOV 68 IS OBSOLETE UNCLASSIFIED %g

SECURITY CLASSIFICATION OF THIS PAGE (M Dﬂl Ent

[l[: FILE COPY

S

F T




m—

UNCLASSIFIED 3

. ® JECORITY CLASSIFICATION OF THIS PAGE(When Datq EBntered) B s

Ve

| —

changes, and concurrent lung lesions and lung virus titers., Results in
treated mice were compared with data from control groups of normal and infected
untreated mice. The influenza infection with A/NJ virus resulted in hypo-
thermia, bronchial pneumonia, and blood gas alterations. Treatment with

ribavirin completely prevented these alterations from occurring. Although

rimantadine did not prevent all pathophysiological alterations, it resulted
in decreased recovery time,

! poc

| U

! 1%

1 U
BY e
DISTRIS AR
TR - % SPECLAL

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

DD T———

et

pacs b




Effect of Small-Particle Aerosols of Rimantadine

.and Ribavirin on Pathophysiologic Changes

»

Associated with Swine Flu in Mice

R. R. TSCHORN,* J. B. ARENSHAN,1 and D. E. HILHAS2

United States Army Medical Research Institute of Infectious Diseases,

Fort Detrick, Frederick, Maryland 21701
Running Head: EFFECT OF RIMANTADINE AND RIBAVIRIN ON SWINE FLU IN MICE

Presented in part at the Federation of the American Society for Experimental

Biology, Chicago, Illinois, April 1977.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals," as
promulgated by the Committee on the Revision of the Guide for Laboratory
Animal Facilities and Care of the Institute of Laboratory Animal
Resources, National Research Council. The facilities are fully
accredited'by the American Association for Accreditation of Laboratory

Animal Care.

The views of the author do not purport to reflect the positions of the
Department of the Army or the Department of Defense.

lpresent address: MAJ John B. Arensman, VC, W2 Vet Activities (WO2KAA A),
APO SF 96331

zPrcsent address: LTC Duane E. Hilmas, Chief, Office for Wholesomeness of
Irradiated Foods, U. S. Army Medical Research and Development Command,
Washington DC 20314

Approved for public release; distribution unlimited.
7 October 1977 %

—..

S A

NRR——




w:
i
Effect of Small-Particle Aerosols of Rimantadine
and Ribavirin on Pathophysiologic Changes *
Associated with Swine Flu in Mice
1 2

R. R. TSCHORN,* J. B. ARENSMAN,” and D. E. HILMAS

United States Army Medical Research Institute of Infectious Diseases,

Fort Detrick, Frederick, Maryland 21701

Running Head: EFFECT OF RIMANTADINE AND RIBAVIRIN ON SWINE FLU IN MICE

Presented in part at the Federation of the Amefican Society for Experimental

Biology, Chicago, Illinois, April 1977.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals," as
promulgated- by the Committee on the Revision of the Guide for Laboratory
Animal Facilities and Care of the Institute of Laboratory Animal
Resources, National Research Council. The facilities are fully
accredited'by tpe American Association for Accreditation of Laboratory

Animal Care.

The views of the author do not purport to reflect the positions of the
Department of the Army or the Department of Defense.

lrteaent address: MAJ John B. Arensman, VC, W2 Vet Activities (WO2KAA A),
APO SF 96331

zPrelent address: LTC Duane E. Hilmés, Chief, Office for Wholesomeness of

Irradiated Foods, U. S. Army Medical Research and Development Command,
Washington DC 20314




“~

ABSTRACT
}l(/Snall-particle aerosols of rimantadine adminiétergd continuously
_beginning 72 h postinfection for 4 days (21 mg/ké/day) and ribavirin
administered beginning 6 h postinfection for 80 min daily for 4 days
(26 mg/kg/day) were used to treat experimentally induced influenza
H@ub:g)auz “ .
A/NJ/8/76 w infection in adult female mice [Dub:(ICR)]. Over
a 12-day period following inoculation, mice froﬁ each group were
studied at random to assess rectal temperature; arterial blood pH,
/;7P3°2; Pgédi"and-ﬂcosz—velues; progressive pulmonary pathophysiological
changes, and concurrent lung lesions and lung virus titers. Results
in treated mice were compared with data from control groups of normal
and infected-untreated mice. The influenza infection with A/NJ virus
resulted in hypothermia, bronchial pneumonia, and blood gas alterationms.
Treatment with riba;irin completely prevented these alterations from

occurring. Although rimantadine did not prevent all pathophysiological

alterations, it resulted in decreased recovery time.74
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Inflﬁenza infections continue to be a major cause of significant
respiratory illness, lost time and death in man (3, 4, 8, 13). Much
effort towards control of infections has been directe; toward the
immunization of large segments of the population at risk but with only
limited success (2, 10). Hence, there is a demand for effective
chemotherapeutic agents and their use may soon be accelerated.

Rimantadine hydrochloridel(a—methy1-l-adamantane-methylamine hydrochloride)
has been proven effective against A strains of influenza virus in animals
and man (1, 9, 15). Ribavirin (1-B~D-ribofuranosyl-1,2,4-triazole-
3-carboxamide) has antiviral activity against both influenza A and B
infections in mice (1, 6, 7, 14, 17) and man (5, 12; Magnussen, C. R.,
R..G. Douglas, Jr., R. F. Betts, F. K. Roth, and M. P. Meagher.

Antimicrob. Agents Chemother. in press, 19%7). Both compounds have

been tested by the aerosol, oral and intraperitoneal routes in rodents

and by the oral route in man (1, 16; Magnussen et al., in press, 1977).
Effectiveness of the two compounds is apparently related more to time of
initiation and duration of treatment rather than to route of administration.
The purpose of this study was to examine selected pathophysiologic changes

following early initiated ribavirin treatment or late initiated rimantadine

treatment on swine influenza adapted to mice.
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MATERTALS AND METHODS

Animal. Adult female [Dub: (ICR)] mice were allocated at random
15 per cage and housed in negative pressure hoods after virus exposure.
Feed and water were provided ad libitum. Rectal temperatures of mice
were recorded before anesthesia and again immediately prior to blood

sampling, as previously described (1).

Virus. The mouse-ad;pted swine influenza virus, A/NJ/8/76 (stl,Nl),
was used to infect mice by intranasal (i.n.) inoculation of 105 egg
median infectious doses (EIDSO) in 0.05 ml of brotﬁ carrier as previously
describéd (Berendt, R. F., and G. H. Scott, J. Infect. Dis., in press,
1977). At this dose less than 5% mortality is expected.

Drug. Rimantadine (E.I. Dupont de Nemours and Co., Inc., Newark,
N.J.) and ribavirin (Research Institute, ICN Pharmaceuticals, Inc.,
Irvine, Cal.) were &1ssolved in sterile, triple distilled water and
given as a small-particle aerosol (SPA) to virus-inoculated mice: (i)
rimantadine administered 22 h/day for 4 days beginning 72 h postinfection
or (i1) rib;virin given 80 min/day for 4 dayé beginning 6 h postinfection
as previously described (1). Presented doses were calculated to be 21
and 26 wg/kg/day for rimantadine and ribavirin, respectively.

Design. A total of 360 mice were allocated at random into one of
four equal groups. Mice in group 1 were uninfected and untreated
controls, while those in groups 2, 3 and 4 were infected by i.n. ;
inoculation with swine influenza virus. Mice in group 2 were infected-
untreated controls while those in groups 3 and 4 received timgntadine
or ribavirin therapy, respectively.. Five to eight mice were selected
lt'randon from each group to assess the temporal pulmonary pathophysiologic

changes on days 0, 3, 6, 7, 8, 10, and 12 postinfection. Variables 3
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measured included rectal temperature, arterial blood pH, arterial oxygen

‘tension (Pao ), arterial carbon dioxide tension (P ), bicarbonate
- 2

aco
[

(HCO., ), lung lesions, lung/body weight ratio, and lung virus titers.
3

Treatment groups were compared using one- and two-way analyses of variance.

s NP

Differences were considered significant when P < 0.05.

Blood gas tension. Arterial blood samples were obtained from the

abdominal aorta of mice under light general anesthesia with 0.5%
L 4

Halothane as previously described (1). The partial pressures of i
oxygen (Paoz) and of carbon dioxide (P3C02) and pH values were measured
from heparinized blood samples within 10 min of collection using an

automated analyzer (model 165, Corning Instruments, Inc., Medfield, i

Mass.), calibrated at 37°C. Algorithms of Ruiz et al. (11) were used

A 11
s

to correct body temperature and to calculate bicarbonate values.

Lung water contents and lung lesions and lung virus titers.

SOT————

During anesthesia body weight and rectal temperature were recorded.
Immediately after blood samples were collected, the thorax was opened
and all lung tissue was removed and weighed. The lung-to-body weight
ratio was calculated. Lung lesions were scored and lung virus titers
assayed in infected controls and in both infected-treated groups using
methods previously described (Berendt and Scott, J. Infect. Dis., in

press, 1977).

RESULTS
A significant (P < 0.01) decrease in rectal temperature occurred on
day 7 postinfection in the untreated mice (Fig. 1). Marked h;pothernia
was not evident in uninfected controls or treated mice (Fig. 1). ‘Lung

lesion scores increased significantly (P < 0.01) in the 1nfected-ux.\treated




mice begihning on day 6 and peaked on day 7 (Fig. 2). Rimantadine

| treatment from 3-7 days postinfection did not alter the onset of .
pulmonary iesions which peaked on day 6; however, lun; lesion scores
returned toward normal control levels earlier when compared with scores
of 1nfected-uptreated mice (Fig. 2). Significant lung lesions failed
to develop in mice treated early with ribavirin (Fig. 2).

Significant differences in lung virus titers between infected and

treated groups were not clearly evident (Fig. 2, inset). However,
there was a trend towards decreased lung virus titers when comparing
days 3 to 7 in infected-control and rimantadine-treated groups.

Lung-to-body weight ratios were significantly (P < 0.01) increased
1n'untreated mice on day 7 postinfection (Fig. 3). Late rimantadine or
early ribavirin treatments of infected micé prevented the significant
increase in wet lung weights observed in untreated mice (Fig. 3).

Arterial Poz values of untreated and rimantadine-treated mice
decreased to minimum values on days 7 and 6 respectively (Fig. 4a).
Subsequently, Paoz values increased in both groups; however, Paoz values
of rimantadine-treated mice returned toward normal control values

earlier than those of untreated mice (Fig. 4a). Infected mice treated

earlier with ribavirin failed to show significant alterations in Pao2
values during the course of the study (Fig. 4a).
Significant changes in blood pH were not observed among the four

oxperinenta1~groupa (Fig. 4b). Significant increases in both bic;rbonate §

(Fig. 4c) and P (Fig. 4d) values occurred in untreated mice on day 7.

aCo
2
Early treatment with ribavirin and later treatment with rimantadine

appeared to prevent changes in bicarbonate and P.co values when &
. ; 2 . §
compared to values for uninfected controls (Fig. 4c, d). ) i
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DISCUSSION

The pathophysiologic changes associated with expfrimental, mouse-
adapted swine flu virus are characterized by (a) severe hypothermia,
(b) increased lung lesion scores, (c) increased lung-to-body weight
ratios, (d) ventilation-profusion imbalances as indicated by lowered
arterial oxygen tension and elevated arterial carbon dioxide tension,
and (e) compensated respifatory acidosis as evidenced by increased
bicarbonate and arterial carbon dioxide tension. These findings are

strikingly similar to those described for A, influenza infections in

2
mice (1). These results also tend to confirm the presence of severe
bronchopneumonia with consolidating cellular infiltrates and edema.

The morbidity rate of swine flu virus in mice is similar to A, influenza,

i.e., nearly 100%. However, the high mortality seen with Az influenza
is not present witﬁ A/NJ influenza in mice.

Early therapy with ribavirin (initiated 6 h postinfection) prevented
all pathophysiologic changes that occurred in untreated mice. This is
consistent with reports that indicate that ribavirin is an effective
antiviral chemotherapeutic agent (14). However, a reduction in lung virus
titers did not occur during the period of our studies. Late rimantadine
therapy (initiated 72 h postinfection) was partially effective in
treating A/NJ influenza virus infections. Although rimantadine failed
to delay onset of pulmonary lesion, suggesting that it did not alFer
the ability of the virus to produce some pathologic changes; lung
lesion scores in rimantadine-treated mice returned toward normal control
values earlier than those in mice from the infected group. The decrease

in P.o2 observed in the untreated group was not prevented by rimantadine

therapy. However, the P°02 returned ﬁo control values earlier than values

kit
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measured in the infected groué. Late initiated rimantadine treatment may
have sufficiently reduced lu:j3 lesions so as to improve blood-gas gxchange
earlier dufing the course of infection. The exact mechanisms of action
of rimantadine are not known. It has been suggested that rimantadine,
an analog of amantadine, may work centrally to prevent respiratory
imbalances (1). Late treatment with rimantadine does not completely
prevent all pathophysiologic changes associated with A/N7 influenza
virus infection in mice. However, rimantadine appeared to have decreased
lung lesions snfficiently to prevent the severe alterations found in the
infected mice. It is conceivable that a 1-log reduction in lung virus
titer at a critical time during infection (i.e., day 7) may be very
siﬁnificant in altering the course of disease and promoting earlier
recovery.

One should not conclude that ribavirin is more effective than
rimantadine, since treatment schedules and dosages were different.
Basgd upon previous experiments with other strains of influenza virus,
the therapy schedules were selected to optimize the chances of showing

functional improvements in pulmonary gas exchange.
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FIG. 1-

FIG. 2.

FIG. 3.

FIG. 4 .
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FIGURE LEGENDS

The effect .of rimantadine ( A ) and ribavirin () on rectal

" temperature of mice infected with A/NJ influénza virus compared

to uninfected (Q ) and infected controls (@ ). ** = P < 0.01.

The effect of rimantadine ( A ) and ribavirin ([} ) on lung
lesion scores of mice infected with A/NJ influenza virus
compared to uninfected ( O )'and infected controls (@ ).

%k = P < 0,01.

The effect of rimantadine ( A ) and ribavirin ([} ) on lung
to body weight ratios of mice infected with A/NJ influenza
virus compared to uninfected ((Q ) and infected controls (@).

* = P < Q.01.

The effect of rimantadine ( A ) and ribavirin () on Paoz ),
pH (B), HCO3- (C) and P‘COZ (D) of mice infected with A/NJ
influenza virus compared to uninfected () ) and infected

controls (@ ). * =P < 0.05. *k =P < 0,01.
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