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Foreword. 

Citation• of co-ercial oraanizationa and trade naaea 
in th is • ~port do not constitute an official Depart• ent 
of the ArMT endoraeaent or approval of the products or 
serviceB of these or1anizu tions. 

In conductinl the research described in this r eport, 
the inveati1ator(a) adhered to the " Guide for t he Care 
and Use of Laboratory Aniaal~,~ prepared by the 
Committee on Care and Use of Laboratory Animals of the 
Institute of Laboratory An i • al Resources, National 
Researc h Council (DREW Publication No. (NIH) 86-23, 
Reviaed 1985). 
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,- i. Problea Under Study. 

--~The double-etranded •Tnthe~ic pol711ucleotide 
poly I•poly C (i.e., poly-inosinic-poly-cyticylic acid, al&~ 
to be called poly IC or IC) i• an interferon (!FN) inducer. 
In priaates it is not effective, presuaably because of 
circulatinl nuclease• which quickly de1rade it . When 
coaplexed with cationic poly(L-lysine), PLL, and anioni c 
carboxyaethylcellulo• e, CMC, it is effective in human•• But 
CMC present• so• e difficulties: it i • not excreted or 
metabolized, and it i • suspected a• a carcino1en (ll, 

The proble• bein1 addreesed in this research is the 
preparation of effective, safe IFN inducers devoid of CMC. 
To this end our • ain effort• have been to develop anioni~ 
pol711era to replace CMC. We are also aeekin1 to replace CMC 
by • odif7in1 the PLL with en1rafted polysacchari~•• · 

/ 
2. Back1round. 

Our expectation that replaceaenta for CMC can be found 
is baaed on earlier work froa ' bis laboratory (2). We found 
t hat a coaplex of ICL, PLL and cftrbox711ethyl dextran 
(C~dextran) could be prepared (called ICL-CM dextran), whic h 
wa~ as effective an inducer in • ice aa lCLC, ~nd of low~r 
toxicity than ICLC. ICL-CM dextran waa alao aa effective an 
IFN inducer in rheaue aQnkeye ae i• ICLC. 

3. Rationale of the Re• earch • 

..:..- sinc e C~C ha• undesirable features, includinl non­
e ~cretion, non-aetabolization , and poeeible carcino1enicity , 
WP. are seekin1 formulations without C~C. We are P.Xplorin1 
two approaches to this aoal . One is the replaceaent of CMC 
with other anionic biopolyaera, selected on the basis of 
known or expected safety, and beir.a excretable or 
• etabolizable . .,,., .. .. ,.1 :.. _, •• • • ; t - . ·· r ) · •· , ~ - -

The CMC replacements were selected on the basis of a 
h i sto r y o f s afe u• e a• b lood v n lume e xpanders, or betn1 
c l o sely rela t ed t o such. The second is the use of p olyC L­
ly• ine), PLL, covalently &ratted to eaccbaride (without 
anionic 1roups) , The PLL wo,ald bind to the poly IC, throu1h 
i ts cationic 1roupe, while t he 1rafted s•ccharide would 
provide a solubilizin1 and hydrat i n& effect, PLL-dextran 
1rafta are bein1 studied. Anoth~r reaaon tor stud7in1 theae 
araft pol711er• i• that dextran i• • ore readil7 cleared fro• 
t he circulation of d01s than ia CMdextran (3). We would 
1raft saccharide to only a fraction of the PLL reeiduea . 
It aay be expected that a &raft polyaer will be cleaved b7 
trn,ain-lik• ens711•• and the traa• ente produced will be 
d~xtran bearin1 ter• inal oli1ol1aine. 
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A, Carboxy• ethyl r ~ lysaccharide• •• CMC Replaceaent• 

The CMC replace• ent• have been of two typea: 
carbox)"• eth7l pol7• accbaride• other than CM cellulo• e and 
anionic derivative• of poly(L-lyaine), PLL, and of 1elatin, 
Carboxyaethyl polysaccharides are anionic polyaer,a in whic h 
the ionized carboxy• ethyl 1roup ha• been introduced: 

R-OH -->R-0-CHa-COO- R: Saocharide 

The aubatance• inveatiaated •• CMC replace• enta 
are the followin1: 

1, CMdextran . We have concentrated on relativel7 
low molecular wei1ht CMdextran. The work of Cban1 •t al, 
(3) ahowed that CMdextran 1• about 50-60~ cleared fro• the 
circulation in do1• in about 1 /a hour, with no difference•• 
to aolecular wei1ht of the CMdextran. We • hall alao exa• ine 
hi1her aolecular weiahta, a • the• e appear to provide • ore 
readily soluble foraulation• (2), 

z. · GMaa7loae . Thia waa • elected in expectation of 
low toxicity, and becauae of a report fro• China (4~ (on it• 
u~e a• a blo~d volume expander) that it i~ non-i-uno1enic 
and i • rapidl7 cleared fro• the body. In the work done so 
tar, aolecular wei1ht ha• not been a concern, If reault• 
warrant it, we •hall • tud7 the u• e of different • olecular 
we!.1ht• , 

3. C!-1-Hannan. 
starch • annan. 

A carboxyaeth7l derivativ'! •>f the 

~- CM-A.llylopectin , 
the starch a• ylopectin, 

A carboxY'(llethyl derivative of 
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8. Anionically Modified Gelktin 

Acetylcitryl 1elatin, Thia is a modified 1elatin ~ade 
b7 reaction of aai no 1roupa of 1elatin with acet7lcitric 
Mnhydride in water , 

1el-NH1 • 

0-COCHJ 
I 

Ha C-C-CHa _. 
I i \ 

O:C p:O COOH 
'o 

0 OCOCH, 

1el-NH - ~ - CHa - C / CHa 

-~c ~ coo-

(and/or ieo• er with 1elatin on the middle carboxyl) 

The product ia purified b7 dialyaia, and i• freeze-dried tor 
atoraae. 

Gelatin and auccinyl 1elatin have a lon1 hiatory ot uae 
aa blood volu• e expandera. AcCit1elatin ia cloaely relat_d 
to auccinyl 1elatin, but with twice aa • any carboxylate 
aroupa introduced per aaino 1roup acylated. Metaboli•• of 
AcCit&el ahould lead to a• aller fra1• enta which will be 
excreted or further aetabolized to a• i no acid• and to citric 
and acetic acida. 

C. Anionically Modified Pol7( L-l7aine): 

AcCit-PLL. An acylation reaction a i • ilar to that 
&hown ror t he r eaction with ielatin, conver t • the positive 
•••oniu• 1roupa of PLL to neaative acetylcitryl 1roups. If 
AcCitPLL ia • etabolized, it wi ll be c onverted to acetic and 
citric acids and to s • all oli1olyainea or to lys ine . If no t 
• etabolized, it • ay be excreted, it the • olec ular we i 1ht ia 
no t too lar1e . 

D. PLL-Saccharide 1ratt . 

We are 1raftin1 dextran, Mr 10,(100, to PLL r, f '1, 6000 . 

·__........ . ---
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4. Experimental 

Preparation of Inducer Foraulationa. 

a. o.n ·al Procedure 

re~~ Wj a prepared accordinl to Levy et al, (5) 
Experiaental toraulationa were prepared in the aa• e way, 
with aodification, where neceasary, in the ratio• of 
component• and/or the atrensth of aaline or buffered aaline. 

b. Salt Gradient Dial7ais 

In so• e caaea in which aubatantial insolubility 
occurred, the toraulation waa dialyzed a1ainMt 2 M NaCl, and 
then a1ain• t • tepwiae lower concentration• 
(2M->1,5->1.0->0.5->0 . 25->0.l5) of N,Cl until noraa l aaline 
ia re~ched, unless precipitati~n interven~a. 

c. Sterilization of Co• pone~ts. 

IC waa obtained aterile fro• the ve~dor (Pharaacia). 
S~lutiona ot PLL (Si1• al, • odified PLL• and • odified 
1e l atina were filtered throuah a 0.45 u tilter. Th• aterile 
coapon-.nts were • ixed under a sterile hood and aealed in 
sterile seru• vials. 

Carbox)"Wletbylation of Polysaccharidea. 

The carbox)"Wlethylation is done by the procedure ot 
Cha.n1 et al. (:l), with • oditication. A typical experi• ent is 
carried o ut as follows: To a solution of~ I of 
polyaaccharide in 35 • Lot NaOH solution (15 I of NaOH in 
100 • L of water) at 60• C, ia added 5,8 I of chloroacetic 
acid over 4 • inutea. After 90 • inutes the pH ia brou1ht to 
about 4,8 with 1lacial acetic acid, and dialyzed a1ainst 
water and freeze-dried, 

In some experi• enta 200 • I of ~aBH• was added betor•, 
n r 20 minutes after, the c hlo roacet1c ~c id was added. In 
~o,,u~ reac t.i o ns the 'la.BIi. was add-.d 60 11lnut es att-.r t h-. 
chlo roace t ic acld. The reactio n• were neutralized and 
dial7zed. 

The alternative purification procedure 1tollovin1 Chan1 
et al,) was to brins the reaction • ixture to pH 4.5, 
followed by precipitAtion wi~h 100 aL • ethanol, decantation 
of • ethanol, rediasolution in water followed by a second and 
a t h i rd precipitation, centrifu1ation, dissolution in water 
and freeze-dr~in1, 

--
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Preparation of C~rboxymethyl-B-Cyclodextrin. 

To 2,2 C of B-cyclodextrin in 5 • L water waa added 
t,34 I ot aodiua cbloroacetate. NaOH (10 M) waa added in 
a• all portions over 2 hr., until 2 • L had been added. Aft ~r 
atandin1 overni1ht at room temperature, the aolution was 
heated at SO•for 4 hours. Methanol, 20 mL, waa added t o 
precipitate the CM-B-cyclodextrin, f~llowed by filtrati on 
and washin1 with 30 mL • ethanol, and vacuum-dryin1, The 
product waa dissolved in 2 • L HaO and passed throu1h a 
colu• n of Sephadex G-10, to separate jt fro• NaCl and sodium 
1lycolate (byproducts of the reaction). The fractions were 
teated for CM-cyclodextrin and dextrin with iodine. These 
1ave brown and purplish spota, respectively, on paper with 
iodine . NaCl-containin1 fraction• were detected with A1N01 

Heltin1 Profile•• 

Inducer co• plexea were diluted to contain 50 ~1/ • L of 
IC. Abaorption spectra were recorded at rooa te• perature 
fro• 325 n• to about 240 na, usinl cell• of 1 ca optical 
path and a Cary 219 spectrophoto• eter . Meltin1 profi les 
were recorded at 246 n• with the Cary 219 T• accessory and a 
Neslab circulatin1 bath driven by a Neslab temperature 
pro1raaaer at 1• per minute. 

Ace~ylcitryl Gelatin, Acetylcitryl PLL, and Succinyl C · l, cin 

Ac etylcitric anhydrid~ was • ade by the procedur-. o f 
Klinse-nn (6 ) , by reactina acetyl chloride and cit~ic acid. 

To 0.4 I of PLL in 30 • l water maintained at pH 9, ,,as 
added 1.9 I of acetylcitric anhydride. After 20 minutes the 
solution was dialyzed a1ainat water and freeze-dried. 

To 2.5 I of aelatin in 50 • L water • aintained at pH 9 
was added 3 . 76 l of acetylcitric -nhydride. The remainder 
o f the procedure wao done as for PLL, above . 

~o analysis for d&aree o f ac ylation was done , 31 a 
5-1 6 f o ld excess o f anhydr i de was used, and much expert PnCP 
amon1 ua and other protein c he• iats haa shown that 
acylationa usuall7 ,o to coapletion . Treataent with aixed­
bed ion ~xch•n•e resin to brin1 AcCitPLL and AcCitGel to 
their iaoionic points, produced a pH of about 2,5, 
indicatin• a hi1h de1ree of aubst\tution. Havin1 worked ~ut 
a titriaetric procedure for carbox7l ,roups in 
CM-pol7aaccharidea, we shall apply it to the analysis of 
AcCitPLL and AcCitOel . 

Succinyl 1elatin waa prepared fro• 5 I ot 1elatin with 
2 I of auccinic a.nb~iride, in th~ aaae aanner aa tor 
ac-.tylcitryl telatin, 

8 



Sper • ine Graft i na to Gelat i n and PLL. 

To 1 I of 1elatin in 20 a L water wa s added 174 DI of 
aper• ine b7drocbloride, and 1 . 1 • of di• otb7l auberiaidate 
waa added over 10 ainutea . The pH waa aaintained at about 
9 . After 5 a i nutea 5 • L of 5 M aaaoniu• acetate waa added. 
The aolution waa dial7zed a1ainat water and freeze-dri@d, 

To 200 •I of PLL· HBr in 200 al of 1 /11 PBS waa added 
340 •• aper• ine hydrochlo ride, and 40 ms ~ f diaethyl 
auberi• idate over 10 ainut ee. The pH waa • aintained at 9. 
~fter 3 • inutea 2 • L of 2 M a •• oni u• ~cetate waa adderl, and 
t he solution waa dialyzed and freeze-dried. 

Titration of carbox,aeth7l aroupa . 

Tbe aa• ple ia dried in vacuo over ail ica 1el. A 
portion of about 50 • I la diaaolved in 50 •L of water . For 
the ti t ration of atartin1 polyaaceharide 100 -150 • I is 
diaaolved in 50 • L water. A volu• e of 15 • Lia aade 0 .05 M 
i n KCl with 2 M KCl, and titrated with 0,1 M HCl to about pH 
2.25 . A blank of the aaae volu• e of 0.05 M KCl ia titrated , 
and a difference ti tration curve i• drawn. Below pH 2.4 the 
difference curve la conatant on the v·olu• e axia, indicatins 
t hat the t itrat i on i a co• plete. 

PLL-D~xtran Graft. 

To O. 06 I of PLL-HB, ( M, 6000 ) in 5 • L Ha O waa add ed 
1 I of dextran T-10 and 0,063 I 11 -olel NaCNBHa, at roo• 
temperature . Af te r two we e ks stirr i nl the reacti on ml~tur~ 
waa dialyzed a1ainat wate r and freeze-dried to yield 0,69 I 
of product . The c rude • ateri al i a pur i f ied on a 0.7 X ~O c a 
colu~n Gt AG-500-X2 ( proto nated f o r • I, Unreacted dex t ran ia 
eluted f i rat with 200 • L HaO, and the PLL-dextran 1raft ia 
eluted ~1th 400 • L 3 ~ NH.OH, followed b7 evaporation to• 
• •all volu• e and freeze-dr7in1 (7ield 0 . 2 I) , 

Then the product ia pu t throu1h Sephade~ 0-100, elutin1 
with 0 .2 ~ SaCl. Four peaks are obt i ned. rP. p r ~aP.n tinl 
unreact.ed PLL and threP. products. The la t ter three :ire no t 
well r esolved , aa expected for & aer ies of spec ie• o f 
va.7in1 de1reea of aubatitution . 

Pluoreacence Polarization. 

Meaaure• enta of ~luoreacence were done with an A• inco­
Bow• an Spectrophotofluoro• eter , with excitation at 375 na, 
and e • iaa i on read at 550 na. The e • isaion a i de c~n tained a 
550 na interference filter to auppleaent tbe two 
• onochro• atora ot the i natruaent. 
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I .ducer formulations were made usinl PLL li1htly 
mod ~ f led (about one residu~ per 100) with fluorescent dansyl 
1roups. 

A sample of 0,1 mL in a 3 mm square cuvet, in a 
thermostatted cell holder, waa heated stepwise . 
Fluorescence : nte nsi ties were read with the analyzer 
Palaroid vertical and horizontal, and the ratio o f 
i~te nsities was taken. ( Strictly, thi~ i s no t polar iza tion 
or anisotropy; but it is suitable f o r our purposes ) , 

Bio lo1ical Studies 

The interferon inducers were evaluated for interferon 
production in BALB/c mice. Each inducer was co• pared to a 
standard poly ICLC preparation. Twenty 1ra• mice were 1iven 
a sin1le i.v. injection of inducer containinl 10 ~• ot poly 
re. Blood was obtained by orbital bleedin1 3 hour• a f ter 
inj ection. There were 8 treated • ice per aroup plus 2 mic~ 
that received placebo. Seru• was assayed for interferon. 

Interferon Assays 

Three-told dilutions of aeru• were made in Minimal 
Essential Medium (MEM) co~tainin~ 10~ fetal bov ine aeru• 
( FBS) . The dilutions were done in 96-well microtiter 
plates, followed by addition ot 20,000 • urine L-ce:ls / well. 
Th~ cultures were incubated for 18-20 hours, the trays 
inverted to remove the aediu•, and vesicular ato•atit i s 
virus, at a mu l tiplicity o f infection of 0.15 plaque-fo rm i n1 
units per cell, in HEM c on t &i nin1 2% FCS, was added t o the 
c ells. The c ultures 1.er-e incubated until vir-us con t1·o ls 
showed • arked cytopathic effect• (24-48 hours) , The • ediu• 
was removed and ant i viral a c tivity determined by a s t andard 
colori• etric procedure which • e~aures uptake of a vital dye, 
neutral red, Interferon titers are expressed in 
international reference units baaed upon standards received 
from the Research Resources Branc h, ~at iona l Institute of 
~ller1y and Inf~ctioua Diseases, NIH, 

T~st i n1 f o r tmm~no ien i~ity. 

a. Iaaunization protoco l 

Te n arnups nf 6-8 week o ld f eaale BALBI ~ • ice, 5-6 per 
aroup, were used. The • ice in each 1roup were injected 
subcut~neously with one of the teat anti1ena. The first 
inJeotion consisted of 100 ~, ot the • aterial in 0,1 or- 0, 2 
• L o f a 1 : 1 emulsion o f Fr~u nd's c oaplete adjuvant and the 
PBS solution of the • aterial , Injections we1e with 1 • L 
disposable s7rinaea, •~d althouah the e • ulaion is ver7 
viscoua 25-auase needle• were succeaatully used. 
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After 3-week and 6-we~k periods a aimilar injection, 
but usin1 Freund's i ncomplete adjuvant, waa 1iv~n . Two t o 
three we~k• later, the mice were etherized, t he c h~• t c av ity 
opened to expoae the heart and blood waa drawn fro• the 
ri1ht auricle uain1 a 25-1au1e needle; occaaionally, a 100d 
recovery required cauainl the heart to b leed into the chest 
cav:~r and t he blood was drawn fro• the pool. A t~tal ~r 
0.5-0 .7 mL waa usually obt•ined and each b lee~inl placed i n 
individual ti/a • L plastic centrifu1e tubea. The seru• was 
removed followin1 cJottin1 and centritu1ation and placPd in 
individual tubes, and stored in the free7.er. 

b . Testin1 aera for antibodies 

To deteraine whether or not the aftra contained 
antibody, a precipitation-in-1el proced~r• waa used . [n 
tbia procedure, a coaaerciall1 available apparatus tLKBI 
per• ita ~ne to pour an approxi• ately 1.3 - thic~ layer of 
molten l,5S a1ar solution in buffer onto labelled l inch X 3 
inch • icroscope slidea, after which a hexa1011al arra7 of 3 
•• hol ea, 8 •• between holes, and around a ain1le central 
hole, la cut l n the a1ar on each half of the slide. 

The S-G aera obtained fro• each of the ten 1r~ups of 
• ice were testfl!d a1ainat ,,ne or • o re of the inject~d 
••· ,rial•. Thu•, 8 -10 "L of each aeru• fro• the five 
individual • ice injected with an anti1en (aa7, carbox7-
aeth7l dextranl was placed in five individual well• of each 
~ f four o f the hexasonal arrays on two labelled slides; the 
center well of each of the four arra:r• waa then f il lt"~ 
(8-10 uLI with ~ne of the four aolutiona wh ich the •erua i• 
tn be tested a1ain3t. Diffus i on was allowed to proceed in a 
closed, • oist cha• ber for 24 hour• at rooa teaperatur~; 
under theae conditions, even t he finest precipitin arcs 
o rdinarily appear and little or no i ncreaae in the density 
of the arc• o~cura with lon1er periods of ti• e. [n the 
present case, careful exa• ination ot t he slldea afte.- 2-L U 
and 72 hour• revealed no prec i p iti n arcs in any case. 
R~petitlo n ~r the procedure usin1 ~n a1ar solut ion 
cnntain inl 0.5~ polyethylene 1lycol which en~ance~ th­
prP.c ipit i n rP.acti on i n IP. l 9tlll •1i ii not r<!a11lt t n , n ~· 
prec i p itin arcs. 
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5. Results . 

i. Introductory Notes to the Results 

Since ICLC and the new inducer formulation we are 
studyinl are composed of three components, there arP. • any 
possible c ombinations uain1 different proportions of thP. 
components. In addition to the proportions of the 
components, other variables are molecular we i 1bt and de1reP. 
of modification. In additi~n, reproducibility must bP. 
determined, uain1 a biolo1ical aaaay subject to variabili ty 
i n mouse response. Promiainl inducers are to be tested 
sufficiently to provide ade1uate statistics. The 
exploration of the possible combinations is limited by our 
bioloaical teatin1 capacit7, 

ii. IFN Induction vs. Antiviral Action. 

Our biolo1ical teat la for IFN induction in • ice, which 
i . meaauretd by the effectiveness of the • ouae aeru• in 
protectinl bu• an cell• in culture a1ainat vesicular 
atomatitia virus. Di rect protection of the • ice is not 
measured. The interest of USMRDC is in direct prot ection. 
It la possible that a formulation with moderate to low IFN 
induction • i&ht be an effective &ntiviral a1ent. But IFN 
itself has antiviral action, and because further teatin1 of 
all non-inducers would be burdensome, we concentrate on 
formulations shown to have at lea1t moderate efficacy in I FN 
induction. 

iii. Tables of IFN Induction. 

All inducer teats are done with a ain1le dose of 10 ~ , 
o f I C per mouse. Each IFN titer for an experimenta l 
formulation shown is the avera1e of the titers of 8 mice 
(ao• eti• ea 7), and is co11pared wit~ the avera1e titer for 
8 • ice obtained with ICLC as the standard. 

Tn Tables 4-8 , the c~•poaition of inducers is 1 iven in 
~ctual m1/ mL, f o r thP. t h r~e c omponents ( in the orde r sho ~nl, 
and, where ne~ded , no rmnl i zed t n 2 m1 / mL o f I C. 

e. ~eltin1 Profile•, 

Riley et al . ( 7 1 have noted t hat f ~ r ICLC to be an 
effective inducer, the IC c omponent should aanifeat a 
meltinl temperature, Tm, substant i ally elevated above that 
of unco• plexed IC, which ia about 60-63•, in nor• al saline . 
T• is d~pendent )n ionic atren1th ; Riley et al, found a Tm 
of 53• in abo11t 1 / 1 • the ionic atren1th wfl! uae. We have 
recently be1un to • eaaure • eltinl profiles (i,e,, absorb•~~~ 
(A) va. temperature,~• well as tbe absorption spectra on a 
routine basis. We find that an elevated T• la required, in 
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a1reement with Riley et al. Also, WP. find so• e unusubl 
meltinl profiles (described under the individual ~nduc~r 
sectional, and also preparations for which there is no 
aeltina profile at all, becauae tbe abaorption apectra show 
that only the poly I coaponent ia preaent, not the poly C. 
Apparently the other co~ponenta d i saociate the IC and 
precipitate the poly C. The remaininl poly I show• no Ta. 
These cases will be noted in their appropriate locations. 
The spectral and Tm data will enable us to avoid doinl 
bioloaical testina on such preparations . The • eltin1 
temperature obtained i• that of IC . In addition to the 
chanae in abaorbance accompanyina the • eltina, it alao 
appears that in some cases a lilht scatterinl effect occurs 
at the • eltinl te• peratures. Tbia ia inferred fro• the fact 
that tbe abaorbance chan1e is aoaeti• ea twice as ,reat (or 
morel than expected for I C • eltin1. 

C. Standard ICLC For• ulationa. 

Every set of teats of experimental foraulationa auat be 
acco• panied by a teat with a standard ICLC. At first we 
used lot tUI-84-101 pr~pared at the Univeraity ot Iowa. Aa 
additional atandard• we prepared our own ICLC followinl the 
• ethod of H, Levy et al. (5). Repeated coapariaona of the 
I o~a lot with our own showed the foraer to 1ive lower IFN 
titers than the latter at 3 hour• after i.v. injection 
(Table 1), The averaae IFN titer for 6 teat• of Iowa UI-R4-
101 waa 246, and for 10 tests of in-houae ICLC (two lots) 
~a• 1487, or aix tiaea as lar1e , In Table I each horizontal 
line represent• a aeparate test set, and entries for Iowa 
lot and in-houae on the saae line • eana th~t & direct 
comparison was made on the sa• e day. The sa• e lot nf lowa 
ICLC ai vea lar1er IFN titer• in other laboPatoriea but in 
different • train• of • ice. 

8ecauae of the hither IFN titer• obtained with our 
in-houae ICLC 3 hour• after injection, we have diacontinued 
the uae of the Iowa ICLC. Aleo, i t appears lo1ical to use 
ICLC • ade with the aa• e lots of IC and PLL which wear­
uainl in our experi• ental inducer for• ulationa. The 3 hour 
Sll• plin1 ti • e ha• been shown previ ouslr to be the pe&k ti11-
for "levated seru• IF~ after treat• ent with our ICLG. It. i"' 
not within the scope of this project to • eaaure the kinetic~ 
of IFN induction of each inducer that we teat . 
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Table 1. 

Quarterl7 
Report Date 

9/30/87 

12/30/87 

Co~.• · i aon of In-House ICLC wi t h 
Iowa Lot Ul-84-101 

Iowa 

166 

107 
2 42, 618• 
197 

148 

IFN Titer 
U/• L 

In-House 

2585 (Lot B01-431 
933 (BOI-43) 

4110 : eoI-43) 

6 7 7 I BG I - 4 3 l 
9 3 9 ( BG I - 4 3 I 

1 7 4 8 ( BO II - 8 5 ) 
325 ( BGII .,95 I 

1327 (BOII-85) 
672 ( BOII-•85 I 

1 3 i 6 ( 80 II - 8 5 I 

•Two vial• of aaae lot teated • 

• ~-
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D. Analysis of Carbo::cyaethyl Polysaccharides. 

It is necessary to aeaaure CM rontent of 
CM-polyaacchari~••• not ao • ucb to know the exact aaount, •• 
to be able ~o co• pare d ifferent batches; that is, 
rep:-oduc!.b ility i• the • ain consideration. The various 
aethods described in the Rerculea (8) • anua~ for analysis o f 
carbox:raethyl cellulose are rather co• plex and tiae­
consuaina. The most conveni ent, the apectrophoto~~tric 
uranyl procedure, i s not applicable to all 
CM-polysaccharides, aa noted in the report of Deceaber 30, 
1987, because ~f failure of soae uranyl co• plexes to 
precipitat e. 

We have now developed a siaple, rapid, titri• etric 
procedure. The saaple i• dried in vacuo, wei,hed, and 
dissolved i n a suitable vo lu•e of water . A portion is aade 
0.05 Min KCl , and is titrated with 0 .1 M HCl to about pH 
2.25, and a 0 . 05 M KC l blank ia also titrcted. A diff~rence 
curve is drawn which ,1vea the a • ount of HCl used to titrate 
the carboxyl ,roupa. The difference curve• show that the 
titration is complete at about pH 2 . 4 . A control exp~riment 
i• done with the parent po lys~ccharide , which was not 
carboxyaethylated. (For cellulose itself , this cannot be 
done, because of insolubility). 

CarboxT• etbyl analyse• f or CM-polysaccharides used in 
this work are 1iven i n Table 2 , 

Sa• ples 3 and 4, CMdextrans, were • ade fro• the saae 
lot of T-10 dextran, but purified differently, t3 by 
dialysis and 14 by precipitation b f • ethanol. 

Un• odified aaylose presents a difficulty, in that i t 
swells but does not d i ssolve, A • odified titration was 
done: The aaylose suspension was heated t o 60• for 3 hrs . 
to swell the aay loae; and a fte r coolin• the pH was lowered 
to 2,3 with 0.1 ~ HCl. The pH was • easured over 45 ainutea 
a nd •••in aft er 20 hours, to allow the penetration of H• 
into t he swollen aaylose. Al • ost no c han1e was observed 
over 20 hou rs . Cnmod ified amylase i s not expected to show 
any t i tratable 1roups , and th i • i s ~•rifled. 
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Table 2. Carboxyl Analysis of CM-Polyaaccharidea. 

1 
2 
3 

' 5 
6 
7 
8 

Coapound 

CHC, type 7H3SF (Hercules Co.) 
CMaayloae (Lot BGI-27) 
CHdextran (Lot BGII-123, T-10)• 
C~d~xtran (Lot BGil-124, T-10)• 
CMmannan (Lot BGII-35) 
Aa~loae (Control) 
Dextran (Control , T-10 ) 
CMaay lopect i11 

•Pur~tied by dialyaia. 

Carboxyl .;roups 
per auaar residue 

0,50 
0.50 
0.52 
0.-&0 
0.01 

<0.02 
0 
0.46 

•Purified by precipitation with • ethanol. 
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E. Suitability of Poly(L-lysine) Lota. 

The poly(L-ly• ine), PLL, used • u• t • eet • everal 
criteria tor • uitability: ab• ence of re• idual 
carbobenzyloxy (CBZ) protectins 1roup•, ab• ence of exce•• ive 
liaht •catterin1, adequate • olecular wei1ht , and in 1eneral, 
havinl the characteristic confor• ational properties of PLL. 

The • u~atantial ab• ence of re• idual CBZ 1roup• i• 
de• on• trated fro• the ab• orption • pectru• in the benzene 
ranae, 280-250 n•, u• ina a concentration ot 10 • 1/llL, which 
peraits detection of one CBZ 1roup per 1000 lyaine residues. 
CBZ below about 5 per 1000 is considered •atiafactory. 

The aaae apectrua also 1ive• intor• ation ,n the 
preaence of li1bt •catterina, which would be -niteated aa a 
ri• inl • lope at 350-300 na. Li1ht acatterin& would be 
evidence of a11re1ation or croa• -link i n1. The spectrua alao 
aivea notice of the presence of other abaorbinl i • puritiea. 

We also • ea• ure the circular dichroia•, CD, of PLL in 
0.5 ~ NaClOt, When the • olecular wei1ht ia sufficiently 
hilh, about 30,000, the CD • pectru• will show 100~ ~-heli x . 
Le•• than 100~ helix indicates a • ub• tantial traction of low 
• olecular wei1ht, or of other factors interferin1 with helix 
for• ation (e.1., che• ic~l da• a1e, presence of helix-breakln1 
aaino acids 1n th~ chain). 

F. su-ary of Result• ot Interferon Induction Experl• enta : 

Forty seven preparations of known or potential 
interferon inducers, or of co• ponenta of inducers, were 
teated for in-vivo interferon induction in BALB/c • ice 
(Table 31. More than 500 aerua aa• plea were ••••Y~ for 
interferon. Certain preparation• of ICL-AcCitPLL and ICL­
CMaayloae were equal to or superior to our standard [CLC'• 
for induction. Certain preparation• of other co• plexes, 
ICL-CMdextran and ICL-AcCit1el were hi1hly effective•• 
i~terferon inducers but were le•• active than the atandarn 
[CLC. Toxicity studi~• are currently underway to ~o• pare 
the therapeutic indices of the test co• pounds -i t h the 
standard tCLC. Detail• ~f the result• f o llow ln separate 
sections deacribina tje individual tn>•• of for• ulationa, 
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Table 3 

Co• plexea Teated for Interf~ron Induction 

I of 
preparations 

7 
6 
1 
9 
6 
6 
4 
6 
1 
1 

47 

Co• plex 

ICLC 
ICL-AcCi tP'~L 
ICL-SuccGel 
lCL-Clidextran 
ICL-CMa• 1lo• e 
ICL-AcCitGel 
ICL-CMaannan 
ICL-CMa• 1loae 
tCL-CMa• ylopectin 
AcCitPLL 

I IFN teats 
(8 • ice eachl 

25 
7 
1 
9 

10 
8 
4 

10 
1 
1 

66 

18 
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G. Inducer• Containinl Carboxyaethyl dextran . 

In earlier work (2) on an NIH contr&ct we had found 
co• plexea ot ICL-~extran to be effective IFN inducer• of low 
toxicity. Th~retore, we have re i nveati1ated thi• type ot 
inducer. The earlier work uaed dextran type• T-10, T-40 and 
T-70 of three different molecular weiahts, M, 10,000, ~0,000 
and 70 , 000, respectively. In our current work, we hQve be~n 
uaina T-10. 

CMdextran waa • ade by the procedure ot Chana et !.4, 
(3) in which dextran is treated in NaOH with ~hloroacet1c 
acid, and is iaolated by precipitation with methanol, 
followed by centrifuaation. We have alao uaed a variant in 
whicb the reaction • ixture ia freed of rea1enta and 
byproducts by dialyaia . The dialyaia procedure waa uaed to 
i nsure co• plete re• oval ot byproduct NaCl and, in ao• e 
ca•••• acdiu• borate. The a.odiu• borate arose fro• NaBRt 
uaed to try to iaake purer CMdextran. Wh~n CMdextran ia 
prepared , the reaction turns yellow and aoae yellow color 
a&y be carried over into the final product. Yellowina in 
carbohydrate• i• likely to arise fro• reaction• ot aldehyde 
1roupa. Alao, aldehyde• and their condensation product• •ay 
possibly react with PLL or IC to 1enerate covalent bonds . 
To prevent yellowina and destroy residual aldehyde, we 
carried out carboxyaeth7lation in the presence ot the 
reducin1 aaent NaBH., or added NaBHt at the end of the 
reaction. Na.BB. doea, indeed, 1reatly reduce the extent of 
for• ation or yellow. · 

However, the ICL-C~dextran -de with NaBHt-treated 
CMdextran waa essentially devoid of IFN inducer ability . 
The reaaon ia not known. All further reterencea to 
C~dextran will be to non-BHc-treated aaterial. (except tor 
aoae work on fluoreacence polarization.) It ta of interest 
that NaBHc treat• ent in the preparation ot CMaayloae had no 
"ffect on IFN induction by ICL-CMaayloae. Aho, the 
carboxyaethylation reaction • ixture of aayloae develop• • uch 
leas yellow color than doe• that of dextran. 

Turni:,1 now t o Tabl~ ~ a nd the lFN induct.ion o bser,·~d 
for ICL-~Mdextran, we note that all of the preparati o ns 
listed were aade with dialysed CMdextran, with the sole 
exception ot BOII-233, which waa prepared by • ethanol 
prec i pitation. Only one (BGII -l la) of the five ICL­
CMdextrana prepared with dial11•d CMdextran aave substantial 
IFN induction. The next hiaheat waa BOII-182, prepared with 
the aa• e proportion• (but tvice the total concentrationl or 
co• ponenta •• BGII-lla . 

·--
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BGII-233, made with J recipi tated CMdextran, was an 
etfective inducer, with 1232 U/ mL , o r ~5S of a hi1her-than­
uaual standard. BGII-19 1 , BGil-208 and BGII-233, all made 
with the aaae ratioa of coaponenta, differ • arked\7 in IFN 
titers induced in aice . The first two were aade with 
dialyzed CMdextran and BGTI-233 with p rec i pitated CMdextran. 
However, we cannot yet c ~ e lude that precipitation i a 
s uperior to dialysis sin ! BGII-lla ( alao made wi t h dialyz~d 
CMdextran ) waa a fairly ffec tive inducer . The NaBH.­
treated samples were al~~ dialyzed; i t is not apparent i f 
the l ow titers for these arose fro• NaBH. or fro• dialys i s . 
Further work is planne1 in order to decide betwee n dialysi s 
and precipi t ation ( o r a co• bination of t he t wo ), and t o 
s ettle on the best pro portion of co• po~enta . Alao, this 
work baa been done with CHdextran containina 0.5 CH aroup 
per 1lucoae re•idue. Other dear••• of aubati t ution and 
other • olecular wei1hta of dextran will be atudied. 

We have , in the latter part of the year, be1un to 
record t he abaorption spectra and aeltina profiles of 
ind~cer foraulationa, with a view to correlati na biol o1 ical 
and physical p r operties , and t o predictina the former fro• 
the l atter. 

BGII-191 and BGII-208, whic h aave eaaentially no IFN 
induc t i on, showed no • eltina of the IC , and the spectru• o f 
BGII-208 showed the presence of poly I only, no poly C. The 
lat t er i s thouaht to have preci pitat ed, probably aa a 
complex with PLL and CMdextran . · ~•he spectrua of BGII-191 
waa no t • eaaured , but ia preauaed to be aiaila-1 . BGII -18-'a 
whic h 1ave al• oat no IFN, ahowed aoatly • S3• T• (• el ti na 
t.-111p,a r3.tur~ l snd " s •sll • eltin1 transition at 78• , '.'!os t of 
t he IC waa probably not co• plexed. Only BGII-182 and BGI I -
2 33 gav~ Tm in t he ran1e expected, 7 7 and 78• , respecti vely, 
but wi th a difference. The aeltinl profile of BGII-18 2 waa 
norr al , with a 6A ot about 40S o f the oriainal absorbance 
( A), and a flat profile above Ta. BGII-233 1ave a 6A 
are a t er than l 0 0S of A, and above Ta the abao rbance 
d ~cr~aaed sharpl y to abo ut its o r i 1inal va lue. Thi s is a 
r e • arkabl~ o ba~rvation, and • a y i~vol ve l i 1ht acat t er i n1 in 
addition t o , o r l nstel\d of, no r n ~ polyn ucleotide melt i n11. 
Th i~ is t o be studied further. 

81 • . 
I CLC ita el t live• a normal • eltina pro fi l e and a T• ot 
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Table 4, IFN Induction by ICL-CMdextran. 

Lot Nuaber 

BGII-1 lb1 

BGII-29a11 

BGII-29c• 

BGII-1 la 

BGII-184a• 1 • 

BGII-182 

BOII-191 

BOII-208 

BOII-233 

Coapo• ition 
lG , PLL, CMdextran 

• 1/• L 

2, 1.5, 5 

0.5, 1.5, 5 
( 2, 6, 20) 

0.5, 1.5, 2.5 
(2, 6 1 lOj 

1, 0.75, 2,5 
(2, 1.5, 5) 

2, 0,75, 5 

2, t.5, 5 

0.5, 1.5, 5 
(2, 6, 20) 

0.5, 1.5, 5 
(2, 6, 20) 

0.5, t.5, 5 
(2, 6, 20) 

IPN Titer• 
Bxptl, ICLC S of 

Foraulation Standard lCLC 
Standard 

67 

46 

40 

903 

26 

295 

18 

6 

1232 

2585 

933 

933 

2585 

575/736 

1641 

1641 

1826 

2609 

2 

5 

4 

4 

18 

0 

• ~aBH, treatment before add l nf c hloroac~ti c acid . 
•• NaBHt treat• ent after addins cbloroacetic acid, 
• · •T• value• of 63• (BOS of the 6A) and 78• (20S of the 6A) . 
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H. Inducer• Containin1 Carboxy• ethyla• rloae (CMa• )· loael . 

Six for• ulationa were • ade of ICL-CMaayloae, three with 
tbe co• ponenta in the concentration• of 2, 1,5 and 5 • a/• L 
tor IC, PLL and CMa• yloa-,, reapectively, and three with the 
concentration• of 2, 0.75 and 2.5 • 1 / • L (Table 5), The 
for• er 1ro up 1ave IFN titer• rvera1in1 43S of the stkndard 
ICLCs, the latter 70S. However, the latter a ver~,e aay hav~ 
been diatort e d by one preparation with a tit~r 183~ of t he 
• tandard (an unuejally low • tandard). If we avera1e the 
abaolute titera the two aeta have 686 and 724, reapectively; 
i.e . , ther~ ia no difference. 

~ecauae, on 1eneral principlea, it ia uaually deaired 
to uae the • ini• ua aaount of any aaent, it appear• tnat th 
lower ratios of PLL and CMaayloae to IC are preferable. 
Thia concluaion • uat be further teated by co• pariaon of 
toxicitiea of the two for• ulationa. 

Lot BOII-166 waa aubaitted to Dr. Heir Kende at Fort 
Detrick for teatinl a1ainat Rift Valley Fever virua . The 
result indicated protecti on ai• ilar to that of the ICLC he 
uaed . 

Tentatively, ICL-CHaayloae appears to be a proai • in1 
c andidate, • ubJect to reproducibility and toxicity 
conai derationa. 

CMaayloae, by itaelf showed no IFN induction, • o t hat 
the obaerved induction aroae fro• the IC co• ponent. 

BGit-166 1ave a aeltin1 profi le with a hiah 6 ~, ~bn u t 
\ 00~, and a T• of 81 . 5•. BGII-127 and BGII-143 1.·.ve nor• al 
IC-type abaorption apectra, but aeltinl profile s have not 
been run. 

- · . 

22 

/ 

... 

-· 

• I 



·----~----------------- ·-··· · --· --- --·-·- -- ·-· - -------- - ---· - - - -----

Table 5. IFN Induction by lCL- CMa• yloae 

Lot Nuaber Coapo• ition IFN Titer 
Experi• e ntal ICLC Sot ICLC 
For• ulation Standard St andard 

BGII-5 
BGII-9 
BGI-l27 
BGl-127 
BGI- 127 

BGII-143 
BOII - 143 
BGII-166 
BOII-193 
BGII-193 

IC, PLL , CMa• yloae 
• l / ollL 

2 I 1. 5, 5 
2, 1.5, 5 
2 , 1.5, 5 
2, t. 5 , 5 
2 , 1.5, 5 

Averaae 

2, ~ .75 , 2.5 
2, 0 . 75 , 2 . 5 
2, 0.75, 2 . 5 
2 I 0 . 75, 2,5 
2 I O.'l'S, 2 . 5 

Averaae 

1061 2585 " ! 
1053 2585 u 
394 672 59 
658 1316 50 
263 1038 25 
686 t i 

908 1316 69 
448 1035 "3 

1052 575 183 
618 1829 37 
533 2609 20 
724 70 
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I. Induce~• Containin1 CarboxymethylmRnnan and 
Carbox;•methylamy lopect in. 

Mannan waa carbox711etb7lated in tbe aaae aanner aa 
dextran and aayloae. However, titration of the supposed 
CMaannan showed essentially no carboxyl 1roupa. This 
explain• why on mixinl PLL with "C~m~nnan" no precipitat~ 
formed, contrary to the cases of PLL-CMC, PLL-CMdextran and 
PLL-CMamyloae. In the latter cases precipitation must arise 
from interactions between the oppositely char1ed polymers, 
but does not arise with PLL plus "CM• annan" since the latter 
haft no na1ati ve c har1es. The reason for the resistance of 
mannan to carbox)'lllethylation is not known. 

Two aixturea of IC with PLL and "CMaan",n" 1ave s • all 
IFN titers, 248 and 290 U/• L. These titer~ ?robably arose 
froa ICL, since the unchar1ed "CM• annan" is n.>t likely to 
have entered the co• plex. A coapariaon with atandgrd ICLC 
was done with the Iowa ICLC, w~ich 1ave 166 U/• L . Sincft th~ 
Iowa ICLC 1ive very low titers in our strain of aouae, it 
cannot be aaauaed that the ICl-CMaannan titer• ~ere hi1h. 

A complex of IC, PLL and CMaaylopectia did not i nductt 
IF~. Theae types of complexes have been put aside for now. 

J . Inducers Containinl Anetylcitryl PLL. 

Two preparations of AcCitPLL were aade with PLL of M, 
55,000 bnd 14,000. First, ICL-AcC i tPLL(55) complexes were 
prepared and teated (Table 6 '. , The nu• ber ~n parenthesi8 
after ICL-AcCitPLL indicates the molecular wei1ht in 
thousands of the PLL frnm ~hich AcCitPLL waa prepared. 
Coaplexea with the 5~ 1 000 AcCitPLL were effentive IFN 
inducers when the IC, PLL and AcCitPLL were coabined in th~ 
ratio 2:6:10 by wei1ht (BGII-29b; 801-119), When less PLL 
and AcCitPLL were uaed relativ~ to IC very little or no IFN 
induct i on waa obtained (BGII-43b, BGII-195) , Since both the 
PLL and AcCitPLL were reduc ed, we do not know wh ich of t he•~ 
c omponents ~ay be crucial, or if the hi1her content of both 
is need~d for IFN ir.duction. 

~~ t hen made AcCitPLL with a PLL ~flower molecular 
~•i1ht, M, 14,000 . Two lCL-AcCitPLL(l41 oo• plexea were 
prepared •nd tested, BGII-120 aade with IC : PL~ : AcCitPLL ( 14l 
i n the ratio 2:6:10 1ave a aoderate IF~ induction of 3~S of 
the standard, while BOII - 142 with the co• ponenta ratios o f 
2 : 1.5:5 1av@ 128 and 274~ of standard in two aouae t est•• 
In the caae of the M, 14 , 000 AcCi tPLL, hsa PLL and AcCitPLL 
1av~ b~tter reaulta. 

I 
I . 
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The results for BGII-lt2 are attracti ve, but there 18 a 
difficulty. BG I I-142 is not completely s oluble in nor••l 
saline, It was prepared in 2 M NaCl, and on ~0-fold 
dilut i on with ncraal aaline tor injection, ao• e preciFitate 
appeara . The IFN data in Table 7 were obtained with the 
supernate after allowinl the precipitate to settle, 
Solubility proble• a were alao encountered with the~, 55,000 
AcCitPLL co• plexea, but of • uch le•• severity ; s • all a • oun~~ 
of precipitate were present, wh ich disaolved on ,ently 
warmin1. We shall try to overcome the solubility proble•. 

We shall exa• ine inducer formulations • ade with 
AcCitPLL of still lower molecular wei1ht , on t he luntP.stedl 
hypothesis that lower • olecular wei1ht AcCitPLL will b~ • or~ 
readily eli• inated. 

The meltinl profile of BGII-1~2 waa ai • ilar t o that of 
the ICL-CMdextran BGII-233 (see above), T• waa 75•, AA was 
~~o ut lOOS (or twice the expected), and above T• the 
abaorbance d ecreaaed to its oritinal value. 

BGII-195, ICL-AcCitPLL(55), which save no IFN titer , 
showed no T•, only a very broad shallow increaae in T•, and 
a spectru• indicatinl a preponderance ot poly I and 
relatively little poly C; apparently, with the ratio of 
c omponents us~d, lC i s dissociated, and the poly C co• ponent 
ia precipitated, leavinl in aolution only th~ inactive 
poly r. Since effective inducer~ can be for• ulated wi t h 
AcCitPLL, we plan tc t r y to eli• inate t he p~oble• of partial 
aolubility, and to atudy the toxicity or theae for• ulati,,n!i. 

' .. 
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Table 6. IFN Induction by lLC- AcCitPLL i n BALB/c Mi c eA 

IPN , U/aL IFN 
Lot Number Composition• Mol. Exptl . ICLC ~ of 

IC, PLL, AcCitPLL Wt.' formul . Standard Standard 

BGI - 43b 2. 1 • 5, 5 55,000 125 117 3 1 1 
BCiI-29b 0. 5, 1. 5, 2 . 5 55,000 891 93 3 95 

( 2. 6, 10) 
BCiII-119 0 • 5 I 1 . 5, 2.5 55,000 1145 1327 86 

( 2. 6, 101 
BCiII- 195 2 I 1 . 5, t. 7 5 55,000 0 1826 0 
BCiII-120 0 • 51 1.5, 2.5 14,000 429 1327 32 

( 2 , 6' 10) 
BCiII-142 2. 1 . 5, 5 14,000 1684 1316 128 
BCiII-142 2, 1.5 , 5 14,000 2840 1035 274 

•molecular wei1ht of PLL-HBr fro• wh ich AcCitPLL was 
prepared. 

' 



-

K. Acetylcitryl and Succinyl Gelatins . 

The introduction of carboxylate~ into aelatin is simple 
and atrai1httorward. R~action in water at pH 9 with an 
anhydr i rle acylatea the amino 1roupa. We have done one 
experiaent with succinylated 1elatin, which converts a 
positively c har1ed 1roup to one with one neaative chargP. , 0 r 
a c hanlP. of -2 in net char&P., The ICL-SuccGel, BGl-~ ~h io 
Table 8 induced a small IFN titer. 

Since there are only about 3-4 a • ino 1roupa per 100 
a• ino acid reaiduea in 1elatin, the density of neaative 
c har1es introduced by succinylat i on i s not larae (althouah 
they are in addition to the 8-12 carboxylate residues per 
100 aaino acid reaiduea naturally preaent in selatin) . In 
order to incr~a•e the nuaber of neaative char1e• we turned 
to acylation with acetylcitric anhydride, which i ntroduces 
two ne1ative chars~• per a • ino, or a chan1e of -3 in ne t 
char1e. 

Formulation• with ~wo co• poaitiona of co• ponents were 
prepared and tested (Table 7). The best lot was 801-43 & 
whic h 1ave a titer of 3123 U/mL or 75~ of that of a v~ry 
h i lh ti t er for standard ICLC . ~hen this was ret ested after 
10 weP.ks stora.e at t• the titer was 116 ; but the [CLC 
standard 1ave 325, a very low value. Perhaps there was a 
low aouae reaponae in thia teat. 

ThP. ICL-.\cCitGel ror• u lat ions have prP.aent~ di ffic-u l t y 
in solubility. BGI-43a waa obtained in solution by 1tepw11P. 
ara d i en t dialysis fro• 2 ~ NaCl down to nor• al aalln~ . 
Ho wever, atte• pts to repeat this have not beP.n auccesa ful , 
as precipitat i on occurred. BGI-~3a • ay have been 
k i netically stable for the f irst mouse aa~ay, but no t 
ther• odynaaically atable. The next beat lot, B011-39 save 
859 U/aL , 21X of standard. The standard was unusually hi1h 
and BGJI-39 • ay be o f value. 

The nex t be s t, and ~oat recent for• ulat i on, w~& BG II-
234, with a titer o f 17~ of stnndard . But tht• aay hav~ 
hP~ n induc-ed hy unco11pl e::ed cc. er.rt-z~ , iia,·i, :-.. nor• al 
• e lti n1 pro f il~ and a Tm o f 63.5•, 1ndic ativ~ of un~n•pl P.~erl 
IC. 

Fur t h~ r work wi t h AcCit1el ii planned . The • ain 
proble• is to f i nd condition• for o b t ainin1 atable, a o luble 
c oaplexea . In particular, we wiah t o try to obtain 
preparation• co• parable to 801 ~43 . 

\ 
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Table 7. IFN I nduct \on by ICL-SuocGel and ICL-AcCitGel. 

Lot Nuaber 
and type 

of Gelatin 

SuccGel 
BGl--&3b 

AcCitGel 
BGI-43a• 
BGII-34 

BGII-39 

BGII-39a 
BGII-121 
BGII-234• 

Co• poaition 
T.C, PLL , Gel 

m1/• L 

2' t.5, 5 

( 2. 1.5, 5) 
0 . 5, 1.5, 2. 5 

( 2' 6' 20) 
0.5, 1 • 5, 2.~ 

( 2. 6. 10 l 
2. 1. 5. 2.5 
2. 1.5, 2,5 
2. l, 5 I 5 

IFN 
lxptl . 

For• ulationa 

158 

312311 
24 

859••· 

38 
324 
433 

• Gradient d i al1zed tro• 2 ~ NaCl. 

Titer 
ICLC S of 

Standard ICLC 
Standard 

1173 13 

4170 75 
4170 1 

4170 21 

325 12 
1327 24 
2609 17 

•• Reteated after 10 weeka at 0•; 116 unit• co• pared with 
325 for ICLC atandard. 

•~•Reteated atter 10 week• at 0•; no IFN, 
• Meltin1 profile ahowed that IC waa not co• plexed. 

-------------· ... -------------··---.,,,.-·---·------,.-------...,__ 



L. Fluorescence Polarization. 

Soae exploratory work was done on the use of 
tluoreacence polarization to atudy the inducer coaplexea. 
Our aoal i• to see if this property aiaht be uaeful as a 
predictor of bioloaical activity. 

Our experiments so far have been on aeltina profil~s of 
inducer complexes. For these experiments coaplexes were 
made usin1 PLL covalently modified ~ith fluorescent dansyl 
1roups (about one per hundred lysine residues). The aa• ple 
is illu• inated with polarized liaht and the eaitted 
fluorescent li1ht is measured after pasain1 throu1h a 
polarizer o riented first vertically and then horizontally . 
The ratio of the two readin1• ia calculated and ia called 
the polarization. (Thir is not strictly correct, but ia 
adequate to our purpose.) 

When the IC • elta, the structure of the co• plex auat 
chan1e, Thia i• expected to chan,e the • obility of the PLL, 
and therefore, the • obilit7 of the fluorescent dana7l 1roup. 
The chan1e in • obi lit)· wi 11 chanae the extent of 
polarization ot the e• itted lilht, 

So• e • eltin1 profiles were done. An ICL-AcCit1el 
(ratios of coaponenta IC : PLL : AcCitGel = 2 : 6 : 12 ) Jave a T• of 
71•, with a sharp decrease in polarization, indicative ot a 
lo~aenin• of structure, Thia lot was not teated for 
bioloJical activit7. 

~ ULeful result waa obtalned for two ICL-CMdextrans. 
One aade with C~dextran treated wi t h NaBH. (ae@ C~dex tran 
section) 1ave a T• of 53•, an lndlcation that the IC waa 
frel! and not co• plexed. Thi• probablf expl4ina th~ absPnc@ 
of IFN induction b7 such preparations, An ICL-CNdextran 
• ade with CMdextran not treated with NaBH. 1ave a Ta above 
81•, but with a 1radual pre• eltin1 chan1e between ijQ ~nd 
80•. S i nce what we observe is the fluorescence of th~ 
dansyl 1roup on the PLL, not the IC directly, i t ls not 
certain •~at the T• of 5~• rl!flec t s thl! • el t in1 of the I C . 
Ho wl!,·er, 5:• i s the T11 o f I C al o ne a t t.he ionic at r~n1th 
used (a l ower i onic strl!nlth t han in the c ases o f th~ 63• T• 
reported elsewhere in the report), and aeltinl of IC would 
alter the physical stale of the dana7l-PLL, This question 
- i ll be exa• ined further . 

These prel i • inar7 reaulta show pro• ise for the study Qf 
co• plexea. We hope to be able to uae fluoreacence tn atud7 
the co• plexea at roo• te• perature to predict biolo1ical 
etficac7. 

,./ 
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M. Poly(lysine)-Dextran Grafts. 

An approach bein1 studied ia the replacement of PLL and 
the anionic pol,..er by a PLL-polyaaccbaride 1ratt. The 
rationale is that the poaitive charaes would result in 
bindin1 to the tC, with protection a1ainst serua nucleases , 
while the 1raf ~ i polysaccharide would enhance solubilit y . 

We have been investi1atin1 the preparation and 
purification of a 1raft between PLL (~, 6000) and T-10 
dextran (Mr 10,000). The araft is made by the reductive 
alkylation method, in which aldehyde 1roups at the t ~ rmin i 
of the dextran c hains condena~ with aaino aroups of ?LL, in 
the presence of NaCNBH, to 1enerate dextran-substituted 
a • ino aroups . Reactions have been run with a larae excess 
of dextran to PLL, since the alkylation reaction is not 
efficient. 

We have worked out the aeparation of unreacted dex tran 
fro• the product by ion-exchan1e chroaato1raphy, and the 
separation of unmodified PLL fro• PLL-dextr&n by 1ei 
filtr&tion. A cle&r sep&ration of unreacted PLL ~ro• PLL­
dextran waa realized. The latter appears as aeveral 
ovP.rlappin& peaks, a• expected, sin~e there must be a eerie~ 
n f species with different nuabers of dextran chai n s per PLL 
chain. Preliminary estimates indicate that several dextran 
chains (3-6 , very tentatively) are 1ratted to an av~ra1e PLL 
chain ot about 28 lysine res idues . It is desired t o have a 
substantial fraction of the lysine a • ino 1roup~ un~odified 
for effectivP bindin1 to IC, and to per• it enzy• ic di1estion 
in vivo to 1enerate fra1• enta saal l enou1h to b• ~~creted. 

N. I •• unolo1y. 

It is desirable that an i nducer tor• ulat i o n be non­
i •• uno1en ic, ao that repeated doses do not. resu l t 1n thP 
production of hi1h levels of circulatin1 antibod i es. 

,\ survey has been • ade of • oat of the pol~-111e r 
c o• ponents of the for• ulations as to i •• u no1en ic it~ in 
J,LD/- mi ~ ~. Tn the init l a! ~n rk ~P ~ished t n s P.• i f ony 
i nducer i s a stron1 i mmuno1en. Future work will bP. dire~ ted 
toward • ore sensitive • ethods to be applied to the • o • t 
promisin1 inducer candidates . 

Teats of the antilftnicity of inducer co• ponent• have 
been done by the ael-precipitation aethod. Thi• • ethod is 
n~t as • enaitive as the ELISA • ethod, but the latter 
require• • ore exploratory research to eatablish that the 
• pecific an~ibodie• will be adsorbed to the wall of the 
••say ve•• el. 

:rn 
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In t he method used, tbe substance to be teated was 
injected into BALB/c mi c e with complete Freund'• adjuvant. 
Additional injections were • ade after 3 and 6 weeks, uain• 
Freund'• incoaplete adjuvant . After 2-3 veeka blood vaa 
obtained, clotted, and centrifu1ed, and the clear plaa• a 
teated. Each potent i al anti.en waa injected into 5 • ice, 
and ceru• fro• each • ouae waa teated a•ainat the antiaen . 

The substances tested were: 

A CMdextran (no NaBHt treat• ent) 
B C:"tdextran ( NaBH.-treated) 
C CMamylose 
D PLL 
E Succinylated •elatin 
F ICL-CMdextran 
a AcCitPLL 
ff l CL-CMa• yloae 
I AcCi taelatin 
J ICL-AcCitaelatin 

Seru• A waa tested a1a;nat 8, D and F 
Seru• 8 waa teated aaainat. A and B 
Seru• C waa teated aaainat C 
Seru• D was teated aaainat A-J (except Bl 
Seru• E was teated aaainat E 
Serua F waa teated aaainat. A, D and F 
Set'U• G waa teated aaainat D and a 
Seru• H waa teated a1ai.nat A, C and H 
Seru• I waa teated aaainat A, I and J 
Seru• J Wall teated aaainat A, I and J. 

All were neaative. 

Althouah each ot the ten co• pounda liated above was 
injected into fi ve • ice and no antibodies were detected in 
the aeru• of any of the • ice, the results must be conaider~d 
preli• inary. It i• likel y that i n s o• e cases a level of 
antibody too low to be detected waa p resent. The i njection 
pro toco l uaed is relatively standard and ordinarily l•ada to 
t h~ induct ion nr 3ntibodi~s ~ven ~ith pr o te i ns ~hich ~pp~ar 
to b,. on! y weakly i-unoienic, or no t i-uno1en1c, when 
injected without adjuvant ; the 1-uno1enioity • aJ alao 
differ dependina on the experi• ental specie• used. 

The aaaay procedure used here was selected on the baaia 
of i t s a i • plicitr and fair de1ree of aenaitivity. Aaaa7a 
eaplo7in1 radioactivity, enayaea or fluorescence are • ore 
senait1'·e but are correepondinaly • ore involved. It •ppears 
that ao• e auch aethod • ue.t be adapted to the preaent 
probl••· 
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A substantial portion of each of th~ sera collected in 
the present work ls frozen away and should be exa• ined for 
antibody by a more sensitive method. Also, the 
i-unosenicity of the• e and other co• pounda involved in thia 
project should bP. tested in other apeciea. The • ore 
sensitive and involved procedure• will be reserved for 
inducers of the areateat pro• iae. 

Miscellaneous : 

Under the ~~adin& we include several projects which 
have not proaress~d to the extent of havin& provided data 
suitable for discussion. 

A, Preparation of Modified Gelatin and PLL of 
Increaaed Poaitive Charae . 

The eliaination of CMC can, in principle, be 
carried further fro• the ternary co• plexea such as ICLC o r 
the other• deacribed in thia report, to binary co• plexea of 
IC with a polycation. Indeed ICL baa been • tudied, but ha• 
not been succeasful because of severe, adverse reactions 
(H. Levy, personal coa• unicationsJ. The difficult7 • ay lie 
i n the PLL. ~ possible way to avoid this proble•, • ay be 
use other cationic polymers. 

To thia end we reacted 1elatin with sp~r• ine and 
the bifunctional reaaent di• ethyl suberi• idate to &raft 
sper• lne onto the a • ino 1roupa of 1elatin and PLL, followinl 
the aeneral procedure of Wans and ~onre(9). Theae products 
hav-. not yet h~en characterized or tried in an inducer 
! ,, r • ulati or.. 

B. Carbox,-.eth1l 9-Cyclodextr in. 

The polysaccharidea fro• which the c arboxy• ethyl 
derivative• are • ade, are not accurately characterized 
entities. They are h•terodisperse aa tn • olecular ~eiahr, 
may vary i n branch1n1 and purity. 

The us~ ~r a s • all saccharide of ~ell-defln~d 
structure appe&rs attractive. We have be1un to studr t~~ 
carbox111eth7l derivative• of l-c1clodextriu, a cyclic 
oli1oaaccharide conaistina of seven alucoae unita. 
Cyc lo1extr i n• o f smaller and lar1er rin1 size ar~ known , 

The potential advantaae• of CM-9-cyclodextrin are: 

1) Cyclodextrina hav~ been de• crib~d in • any 
phar• aceutical preparation• , and appear to b~ 
e • aentiall7 non-toxic; 

I 
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2) C~-CTclodextrina are expected to be 
non-im• uno1enic; 

3) CM-Cyclodextrin• are expect ,·• to t>. very 
rapidly cleared; 

4) A• •• all or1anic co• pound• ot d etinite • ize 
and • tructure they should be a• enab:~ to 
purification by co-on techniques, free ot 
• icroor1ania• a , pyrosena etc. 

We have carbox)"llethylated 8-cyclodextrin, and are in 
the process of purif7in1 it b y the use of or1anic solvents 
and chro• ato1raph7. 

c. Preparation for Teatin1 for Nuclease Resistance . 

In hi• various publications (e,1., Levy et al. (5)) 
Hilton Levy reported t hat bovine pancreatic RN••• 

hydrolyze• IC. However, Stebbins and Dawaon (10) reported 
that RNa• e doe• not hydroly r.e IC, althousb experi• ental 
details were not 1iven. We have veritied Lev y 's findin1 
that RNaae does hydrolyze IC at pH 7 i n 0 , 15 M NaCl. 
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6. Concluaions 

The results show tha t effective iaterferon inducers can 
be foraulated without CMC. At leaat four CHC replaceaenta, 
CMdextran, CMaayloae, acetylcitryl PLL and acetylcitryl 
aelatin, have been coabined with IC and PLL to Jive 
foraulationa which induce, in aice, froa aoderate to 
auperior titers of interferon. 

One of these, CHaayloae, aave an inducer as effective 
aaainat Rift Valley fever aa i• lCLC. 

'.ioat of the foraulation t:,p,?s and coaponent1. are non­
imaunoaenic by the teat used ao far. If they are 
i-uno1ena, they • uat be weak 1-unoaena. 

We have also seen that •~ltina profile• and absorption 
spectra arn correlated, at least partially , While we cannot 
yet always relate the•• physical propertie• to efficacy of 
IFN induction, we can predict that foraulation• which 1ave 
abnor• al spectra and/or aeltina profile• will fail, and can 
now avoid needle•• biolo1ical teata. The fluorescence work, 
althou1h pr•li• inary, also iivea proaiae of a correlation 
between physical and biolo1ical properties. The co• binat i on 
of the two types of optical probes aay be uaeful, 

Aaon1 the tasks before us ~re to : 

a) test repr~ducibility and atabilitr of for• ulatlon~; 

bl sol v~ s olubility probleaa; 

cl find the opt1aua proportion• of co• ponenta; 

di teat toxicit7; 

el teat pyro1enicity; 

f ) t~s t i •• uno1enicity with • ore •enaitiv~ • ethods : 

1 1 s~reen new f ~r•ulations e•bodrt n1 PLL- dextr~n 
arafta and c arboxy• ethyl-cyclode~ trin; 

h) screen other pol,...era deacribed in the ori1inal 
proposal (e . ,., sulfated 1elatin) ; 

i) teat for• ulationa for resistance to nucleaaea, 
and for correlation of physical properties with 
biolo1ical properties. 

----------------------------~_,,..,._..,.... ......... ,.,.~~-------··----~-"°"· 
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8. Glossary. 

IFN: 

IC: 

PLL : 

ICL: 

ICLC: 

CM : 

CHC 

AcCitPLL 

AcCitGel : 

T• : 

CMa• ylose: 

ICL-C!1aa7lose: 

CMdextran : 

ICL-CMdext.ran: 

ICL-AcCitPLL: 

ICL-AcCitGel: 

CMaannan: 

Cl'fll• Yl t>pectin: 

U: 

CBZ: 

A: 

Mr: 

R~aae: 

-

Interferon 

PolyI• PolyC, Poly IC 

Poly( · •lysine) 

Co• plex of IC with PLL 

Co• plex ot IC with PLL and CMC 

Carboxy• etbyl 

Carbox,..eth1lcellulose 

Acet7lcitr7l derivative of PLL 

Acet7lcitryl derivative ot ,elatin 

Heltin,, or transition, te• perature 

Carboxyaethyl a• ylose 

Co• plex of IC, PLL and C!1aaylose 

Carbox,..etbyl dextran 

C'o• µleic of IC, PLL and CMdextran 

Co• ple:,c of IC, PLL and AcCitPLL 

Co• plex ot IC, PLL and AcCitGe! 

Carboxyaetbtlaannan 

Carbox1• eth7l:\• ylopectin 

Unit• o f interferon 

Carhobenzy .oxy 

Ab• orbance (speotropboto• eterl 

Ribonuclease 
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1. The U. S . Army Meaical Kesearci1, i:icvc: :i..C.i,,iiu::.;t., ;..:-;-~is:.:: i::~ a::::! 
Logist ics Command (USAMRDALC) (Provisional), has reexamined the 
need for the limited distribution statement on t echnical reports 
for Contract No. DAMD17-87 -C-7111. Request the limited 
distrib~tion statement f o r AD No. ADB12293s••••••• be 
changed to "Approved for public release ; distri bution unlimited, " 
a nd a copy of these r t ports be released to the National Technical 
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