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technique was devised to quantify the pulmonary 1~sions in mice treated at
different tia. intervals with antiviral cheriothet~peutie agents. The technique V.
is based on th. premise that as the severity of aft ~~~copi,ç change increases,
th. optical density of lung sections also increases due to edema and to an
increase in cell n~~bers in infected lungs. Seven days after intranasal
instillation of the virus, mice were killed and the lungs were perfused with
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20. Abstract

22 glutaraldehyde at constant pressure. Lungs were processed in a routine
manner, sectioned at standard levels, and stained with hematoxylin and eosin.
Using standard photomicrography equipment, multiple optical density measure-
men ts were made of lung sections in a carefully controlled systematic manner
and a mean optical density determined for each lung. The optical density of
lungs of mice pretreated with amantadine, rimantadine, or ribavirin was
significantly reduced compared with infected—untreated controls (P < 0.01).
If treatment was delayed until 15 h after infection, amantadine and ribavirii~
were effective in reducing pulmonary optical density but rimantadine was wittl
out effect. These findings correlated well with mean lung weight of each
group; however, the sensitivity of the optical density technique was greater.
The method offers promise as a reliable means of objectively quantifying the~
pulmonary response to a variety of infectious, toxic, and therapeutic agents~.
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• ~~Disring studies of swine influenza virus (A/Nsw Jersey) infection

a technique was devised to quantify the pulmonary lesions in mice

treated at different ti intervals with antiviral chemotbenapeutic

agents. Th. technique Li based on the premise that as the severity of

microscopic change increase., th. optical density of lung sections also

increases due to .d~~~ med to en increase in cell u~~ers in infected lungs.

Seven days after intranasal instillation of the virus, mice ware killed

mad the lungs wars perfused with 21 glutaraldehyde at constant prsssure.~~
• Lungs wars processed in a routine menn~r, sctlnued at s’andard levels, \

~~~ ~~~~~~ with ~~~~tozyl1n me~ sosin. using etma~ard photosicrosrap~iy )
equipment, moltipls optical density ssurements wars made of lung

ascticna in a carefully controlled systematic n n r  end a mean optical

don.ity determined for each lung. The optical density *1 lungs of mice

prstreatsd with tadin., rimentadins, or ribavirin was sigeific tly

• nd”ced co~~arsd with inf.ct.d-watrsstsd controls (P ~ 0.01). If

trma~~~~t was delayed untiL 13 h after Saf.cties, ~~~~~~~~~ d 
• .

•

..

dMvixia re effective in re~~~ ag psl msry optical d iey ~~e
• 

: • d~~~tad4~~ ~~~ without effect. ~~~ sss finding. ~~rr.latM wall with

- l g  i#t of math gt...,. ; ~~~ ipSr~ the sensitivity of th. optical 
-

— d .ity tscheiqus ~~~ ~~matsr. Ths
’
h~t1isd offers pr~~ as a rs’i~~ia

• . • of sbj .ctiwsly ~~~~tifying the puienunry rsapiass te a ~~~i.ty

• if infectious, ?o ’t, nsf therapeutic ~~~ t.. 
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Animal models for evaluat ion of potential ant iviral compounds have

f requently bean developed using h u n  disease pathogens adapted to

produce high mortality. Tb. efficacy of the compounds is thus

measured by survival rate of treated infected animals compared with

untreated controls. Thes. model syste are unnatural and unrealistic

when the purpose intended for th. drug is to treat diseases of ~~~ and

etimals which are characterized by high morbidity med low mortality (6) .

During studies of swine influenza (influenza A/New Jersey) , (Scott , C.

H., manuscript in preparat ion) , it was observed that the mouse—adapted

virus did not have lethal virulence for adult mice and thus reseobled

natural influenza infections of (4).. It was necessary to seek

• another sad—point to measure the effectiveness of antiviral compounds an

the respiratory disease in mice.

N~~~rous syste have been proposed to grads morphologic changes

occurring in the lung, of asii~~ls infected with various respiratory
4 

~ di..su—produc4”$ a$ssts. Keny are not completely objective. The j ority

• .4 
~~ ~~~ of the r.i4-~~1e procedures are norpbo tric where various ~~~~~~~~~~

• 1, •~~ T~ eon be made of pulmonary structure to obtain consistent qs titativs

valve. (2) . Tb.. . technique. require considerable tIme to perform .id

• * t~~~ axe inefficient when ~~~~rous .peci ns ~~~t be s~~~ asd.

• 

• • . 
• £ seeheiqus, described for studying .apbys in pigs d rats,

• t~~~~~ ca cbs postulate that a y s tous lung s.ctinss at. Ins.

• sptft ~”y dames th moxmal lung med that diffatamcas could be

• qu tif Led by a ds.sit~~~ter (3). A sIuitaI prooslurs. ha. been ~~~loysd

is determine degree of e~ytbrocyte a~~regatics in vitro (1). LI~~~i.s,

pulmasary dine.. . characterized by ~~ id cell infiltration into
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alveolar spaces and the intersti tiu s should increase optical density.

• If thi s prcais were correc t , the effect of drugs, toxins, or chemicals,

on the pulmonary response could be quant itativel y assessed and compared

in an unbiased , completely objective manner. This technique was utilized

to compare the efficacy of antiviral che.otherapeutic agents in mice

infected with swine influenza virus.
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MTUIALS MID METHODS

Virus. Influenza , AINJ /8/76 virus, (HswlNl) p was passed six

times in ewhrycnated eggs; adaptation to mice was accomplished in nine

serial passages by thtranasal (i.n.) instillation of superuatan t from

a suspension of homogenized lungs fro. mice infected 3 to 4 days pre—

• viously . After the 9th passage, allantoic caviti es of 10—day—old

eobryonated eggs ware inoculated with superuatant from infected lungs.

After incubation for 48 h at 35 C, infected allanto ic fluid was

• harvestsd and clarified by centrifugation at 1200 x a at 4 C for 15 m m .

• Antibiotics were added to the clarified fluid to achieve a final

ecnc~ntration of 250 units of penicillin/mi and 100 pg of str.pto.yci.n/

ml; Iliquots of the suspension mere stored frozen at -60 C. The titer

of the infected allantoic fluid was l0~ ~ dien egg infecuous doses

(13D50) p er nl.

- 
Imaerlmental design. Eight week old (25 g) outbred, feunie

• 
Neiss mica [Crl :~~IS CD-I (ICR) IRJ obtained from ths S.ndai-frss

esisny of aarl.. River Laboratories ware divided into eight 1~ uups

• • samb contaIning 10 mice. Three gx.,.ap. mere propbylacticaUy treated

• ~~~~~. with tadina, r1~~~taiKme or ribevirin in ths dri~~~’g water at $

• 
• 

- 

dosage of 0.25 .~/.l (approximately 60 ug/kg/muuss/day). 24 h prior to

~~~~~~~ a1 Instillation of io6.1 
~~~~~ of influensa vi~~s in 0.05 ml.

• Thre, other groups wars treated therapeutically with each of the drugs

bsgi ing 15 a after virus ieoculatio~. In all group., ttest st was

then c.sttiued for 7 days after Inoculation of cbs viru s. ~~~ costr.1

L • z~ qa of nice ware utilized, ass was infect.d bet not trusted d the

f othsr was neither infected nor tt.stsd.

-~~~~- • •  
_ _ _

- 
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lecropsy procedures. Seven days after infection, all mice were

killed by cerv ical dislocation . In half the lice from each grou p ,

lungs mere dissected from surrounding tissue and weighed to the

nearest milligram. In the remaining mice , the cutaneous tissue of the

neck was dissected free from the trachea, and the thorax was opened . A

21—guage hypodermic needle attached to a flask containing 22 glutaraldehyde,

pE 7.2 , was inserted into the trachea and the lungs were perfused in

situ for 30 sec. The pressur. of the perfusate was 20 cm of water. To

• maintain pulaonary distension a small vascular clamp was placed on the

trachea. Lungs mere then dissected free and suspended in 22 glutaraldehyde.

• Perfused lungs mere subsequently fizsd in 102 buffered neutral

forialin and embedded whole in paraffin. Paraffin blocks were sectioned

• horizontally through the lung lobe, and three 6 urn sections were taken

at 1.5 ma intervals (Fig. 1). The sections were deparaffinized and

stained with hernatoxylin and sosin (5). StainIng was controlled so that

• •• 

- variation was not observed ~~~ng slide. . 
•

• D sitoustry. The sections of lung wars placed on the chsnicsl

• 
• 

stage of a Eels. Ultrephot II (Carl Zeiss, Obe~kochsn/Wusrttsobsrg,
• 

• •  lemay) and voltage was adjusted to 15: $ filter with peak absorption

• • • at 560 med 645 ma was placed bttusen the light source and specilso. and

the lunge was projected onto $ viewing screen using the 2.5 I objective.

~~ta1 geifIcat4as was 27 I. • Twenty to 35 m.asurausnts vets made on

•sub section directly from the s location on the viaving screen using

a pbstadea.itanster OIsdsl 501 M, Photovolt Corp., isv York, if).

Optical densities wars waasur.d through 0.5 ma di ter holes spaced

0.63 en apart in a rectangle of brass foil which was placed on the

microscope slide (Pig. 2), The photovolt entar was adjusted to 0
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• optical density at a place on the slide where there was no tissue . The

lung at each perfo ration was viewed Independently for artifacts or

extran eous tissue and , if present , the field was elimina ted from the

s~~~le. Essentially, only alveoli and small bronchioles were measured.

The above procedure was repeated for each of the three lung sections and

the mean optical density of each lung was calculated .

I Statistics. Data on lung weight and optical densit y were analyzed

by one way analysis of variance using the least significant difference

test to determine differences between groups. A linear regression

anal ysis va& used to deter mine correlation of mean optical density and

mean lung weight of each ‘group (7).

I S
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1ESULTS

Lesions of swine influenza in untreated infected controls consisted

of maltifoca l areas of bro nchiolitis surrou nded by thickening of

alveoli, minimal to moderate th fla~~atory cell infiltrat ion , and edema

in alveolar spaces. In contrast , lungs of uninfected control mice were

free of lesions . These morpholog ic changes were reflec ted by an almost

3—fold increase in pulmonary optical density in the untreated infected

control group compared to the unifected controls (Table 1, Pig. 3).

Consistent readings mere obtai ned by repeat ing the procedure. In general,

ipith th. exception of mice treated with riaantadine 15 h after infect ion,

the aa optical density of treated mice was midwy between the values

of ‘~‘1nfectsd and infected-untreated controls and differed significa ntly

fran th. latter (P < 0.01). ly analyzing lung waights of the various

groups, thars was significant reduction of lung weight only for mice

given rlmintadine prior to virus inoculation and mice give ribavirin 1.5

h ~ ±~~~~~~t to infection coepared with Infected-entreated controls

(P c 0.01) . L,..~~ t, th. trend ~~~ the as that observed by

densi~~m ery , with the 3~~~ weight, of infected—treated ~~4en’. falling

• b.twssrn valves obe.z,sd for both control ~~o qia. - The 14,u.*. ksgrassiao

-- • ~~~lysla of the ~~~~v of paimasery optical d slty against - of

1~~~~ weight give a coeffict~~t of correlation of O.P2.

I
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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DISCUSSION

This photoden aitometric technique provided an excellent means of

quantifying the effects of antiviral agent. on the pulmonary lesions
• of mice infected by swine influenza virus. The virus used in thi s study

was characterized by low mortality for adult Swiss mice; thus the

Infection was similar to many naturally—occurring influenza outbreaks

(4) . In all likelihood, evaluation of the efficacy of the chemotherapeutic

agents was performed under conditions s(~~it ating the natural disease. It

is Important to note that in these studies, lungs from all mice mere
..

sampled at the, same tins after Infection when the pneumonia was at a

s4~4lar stage. Thus , diffe~~uces in optical density were a reflection

of differences in severity of disease rather than qualitative differences

in inflamaat ion .

With influenza A/New Jersey infection , good correlation between

optical density and mean lung weight for the various groups (r — 0.92)

suggests that both methods have rit • In the assessment of antiviral

activity. ‘Xhe advantage of the o~ .ica1 d nsity techniqu. over lung

weight in this sxperi t is the Increased sensitivity observed with the

fs~~~x thod. Seasons for this are : 1) The variability of optical

density measurements within groups was less then long weight; 2) optical

- . d siey aa~... uits wars independent of lung size; and 3) structures

set contributing to the pathologic process such as blood, large airways,

L tie.... artifacts, etc. ware selectively el4—4~ated by viewing each

• I 
field prior to obtaining an optical density measurement. In addition,

this techeiqus utilized photo.icrography equipment already found in

meet laboratories , thus precluding the empense of more elaborate apparatus.
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We feel this technique offers promi se as a means of evaluating the

response of lungs to a variet y of infectious and toxic agents and will

provide an obj ective , unbiased measure of the therapeutic value of

var ious drugs for treating var ious resp ir ator y diseases. 
-

. -

• • .
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TASLE 1. Pro phylactic and thera peutic effects of amentadine, r iwitadine,

or ribavtrin on lung optical density and weight in influenza A/New Jersey —

infected mice. -

Mean value ± SEN

Group Optical density Lung weight (ii,g)

Prophylaxis + Therapy

A tndine 6 9± 4~~~ 3l0~~~14b

R4~~~~tndin. 6$ + ?.b 272 ± 17a,b

libavirin n + e ~~ 332 ± 42b
a

~~~~tadins 63 ± 2~ 324 
± 

24b 
-

14~~~~~~ j~ $ê ± iib -

lib virin . 56± 3’ 266±i9~~~

Controls

• ~~~°e~ ~~~±1l° 390 ± 36c

-

. - 

~~Inf.ct sd ,s±lc 
‘4 2± 2 °

Differs sigeift~~~t’y fron Iafsct~~ -entxsMed control 
(P ~ .0.01).

• 

si~~ifi r~~~1y Iron weinfected control (P < 0.01).

Cs.treia differ sigetficently. lies each other (P c 0.01).

4 _ _ _ _ _  
_ _
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FIG. 1. Schematic drawing of lateral vI.ew of mouse lung showing the

level of sectioning.

FIG. 2. Perforated bra ss cover on microscope slide through which light

I was transmitted for optical density asureesits.

- TIC. 3. Effect of antiviral agents on lungs of mice infect.d with

owls. influ nza.

.

S

_ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~


