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I. I{istami~e ~~~~~~~~ anu h ’.st amic.e release. PrelimInar, .4 ’ rk (l’i~6 report ) ind~—

cated t:Ua t hepari.n ~~d complex .i’~tL histamine in a 37~ solution of ethanol . Th~ s

~y was expended i c  ~c~ ’lu :r U.ir mt opc Ly’sa : L: ri les and the tests were carried

out in a :~alysis equilitrium 5fstem. raded concer&trations of mucopolysacc~arides

constit~ ’t’.~ the ~ru~er phase a:~ a stari.larLl cor1centra t~ of :.lstsmine was cor.taU.eo In

t . e  outer. Vol u~~ s were kept stander : and systems allowed to e uiliLrati’ for ~~ hours

at room ~emper4~’ure . The t’ .r.~~:r~g of r~istami, .e L heparln ~oui~ be measured in::r’~~t—

.y by the a~c~ii:t of h~stac i~ne lost f rom externa l phase . Histamir.e measurene :.ts were

car r~ed o~~t by d~ n1trobe~:it~ .t te:r.r~i.~~ue. The relatIve histamine biniin~ ca paclt~es

of these a~~dic mu~ ~.v:’ac~~.a:~. :t~ i are presente: in table 1 us ing neutr~. ~i~xtr~:.

as t ’ 4e ~: rd .

Ta tl e I

Relative .~ ‘ am:ne F~u~dIng Capacit of Ac~~fi Muccpo~ysacchar1 :t

Pcli~ ac :har :~~e :starr.irit’ per mg.
____________—_______________________ ~u:~~1x~lysacch? r:ie*

Hepar:r.

Hep ar i tu . Monosul f ’ete

Chon~ — :.1tir. Su.lfat~ A 0.

Ch . f rDUin Sulfate

Dextra:.

* Frc,e r . i s t i c n i r ,v measured by U’~ f luorodinltrobenzene method.

It Is st ~~n that var~o~ s ~‘ro’w. : substance mucopolysacc b Rr~dee ha ve a potent :~ l

for bin :~ r~g histamine and that heparin is the most active ir. this r.gar~~. Other

studies were :oncerrM.~ with the dissociation of these istaaine—mucopolysscchari~le

complexes. 1 was foun that either of the histamine releasers , compound

or poly~~xin B, ~ouii effe~ t this dissociation as they concomitantly formed

complexes with heparin~ This reaction is an ion exchange reaction in which heparin

serves as an exchanger. Results of a number of these studies have been used to

—1
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compare the relative am ..--.ts of histamir4’ releas~~f by these htstarr.: r~e re leaser (re—

pLa~~r) Icugs from standard preparations of histamine—mucopo iysacchari~ e cLp ie’xes.

In t a h t’ - ~t is ~ ‘w . that 5L u~~ histamine Is less readi ly replaced by ~~ ugm of

~3t~~ui: I ~~/~k when lx’ur: I in a complex by heparin than when in comp lex with en equiv-

alent amount of any of the other test mucopolysaccharI:’~5

Table 2

Approximate amounts Lf hIstamine released from a histamine poly—

saccb aride Complex (5~ u~ histamine • i-~~~ ug polysaccharide) hi

ug H:: ~c.:r.’ Released

Lepa ric . 5

~epar: t tn Mon:~ u1fate 15

ho~: - ~~t:’. Sulfate B 2t

bo~:~~r~’. i t U  S.~. f a e  A

Free histamine neasure d t y  the f~~~~x-cdir:t robenzene method.

Jn-ier c - . r.ditions of his test Ut’ mucopolysacc:.ar:des contained less tr.an

half tneir hlstan:ne capec:ty ar.1 •~‘~~er resu1’~s ~r~:icate th at with lar~’er amounts

of ~~~~~ hIst a~ tn~ , l - ~~ - ~c~ our t s of ‘.his substance WU.I be released by t re same

amoun t of releaser substan-e. ~~ua hia~ac~ine release ~s related to both the his-

amine capacity of t~ mucopolysa c ta r ide as we l as the a - c ~r of histamine bounf.

ep~r:r-. .-an berefOre be ~c’ub1.y e ffe :~~ ve in modifyth~ histamine levels since it

~aB the great e5t capa’ity bind histamine and with a standard amount of’ bound

r.istamine, releases less in the presence of standard histamine releaser drugs than

lo other acidic nu~opolyeacchari1es. It should be noted that this relationship of

mucopolysaccharides is quite similar to that found for their relative protective

effects against lethal intoxication of’ mice with various noxious agents (see table 3).

II. A’idic mucopolysaccharidea and tolerance. Acidic mucopolysaccheridee of the

ground substance can form acid—base complexes with a variety of noxious cationic 

------ -- -  ——- - — --------- -
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substar~ces. A qualitative and quantitative comparison of the respective abilities

of i.fferent acidic mucopolysaccharides to maintain these complexes In are

shown in table 3. Groups of mice were injected intravenously with single doses of

~raded amounts of one of the test substances, each dose containing a standard leth-

al amount of one of the cationic challenge substances. The numbers of surviving

ar.imals in each of the challenged was recorded and the amount of mucopolysaccharide

necessary to protect 5~~ of the mice was determined. This procedure was repeated

w it r~ each of the mucopo1ysacchar.~!es versus each of the lethal challenge agents.

Tatle 3

Comparison of the Effects of various Acidic Mucopolysaccharides
on the ToxIcity of Certain Noxious Agents in Mice

Mucopolysaccharides
Drugs and ChaUenge Doses 

~ 
] Heparitin Ichondroitin IChondroitir

Hope r n 

~ 
monoeulphate 

~ 
Sul phate A Sulp hate I

5-.~ Protective Doses
_______  

Lug/p)
1. Compound 48/&.J .3~ l2.~ none none

(2.6 ug/~n) ~~~~~~~~ (. 2.97 )

.. Polyu~rxin B .56 5.~ none
(5. ugJgm) ~~~~ 5) (. 0.875 (.1.575)

~
. Clupein 7.l~ 18.7 l9.C l~ .35

( 5 .. ug/gm) (• ~~~~~ (. 4. .c) 
~~~~~ 

(+1. 5)

* roupo of t~~~ , l~ animals in each, we re injected int ra venously with sin gle
doses of gra~ei amounts of one of the test mucopoly-saccharides. Each dose
contained a standari lethal amount of the respective challenge agent . Re-
sults are presented as the 54. 1 protective dose of niucopolysaccharlde with
its standard error.

It can be seen tha t heperin is the most effecti ve inhibitor of the letha l ef-

fects of’ the phenylallcyl amine , compound 48/80, the cyclic polypeptide, poly~~’xin

E~ and the protamine substance, clupeth. The relative protective effects can be

summarized : heparin
> 

heparitin monosulfate) chond.roltin sulfate B> chondroitin

sulfate A.

All of these acidic mucopolyssccharides are ingested and digested by fibro—

_ - 
~~~~~~ 

_ _
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blasts of’ the loose connective tissue which also ingest Rn1 digest complexes of hep .

ar:n formed with the above noxious substances. The ground substance mucopolysaccha r-

ides caz~ thus serve to reduce the toxic effects of ’ chemically diverse noxious sub-

stances and their relative abilities to do so vary both quantitatively and qualita-

tively. This phenomenon as associated with the fibroblasts of the loose connective

tissue has been described as micelloph.agosis and was the subject of th. last report

(1956).

III. Heparin—enhancod therapeutic value of antibiotics. As noted in th e pre v ious

re port (1~ 5e ’~ and in tr.~s year ’ s application , hepa rin can enhance t~.e therapeutIc

value of a number of recognize~ a~:tibiotic substances. Dr. Da. : Dolowitz of this

ci ty has been recently cooperating with us on this subject and :4a 5 foun c that a num-

ber of cases of infected weepir.~ exzema s of the ear which had proven resistant to

all types of previ ou s therapy cur:n~ a course of at . least years , coul~ be success-

fully treated with a combinat i~m c~~ heparin and an otherwise excess ively hi~h level

of appropriate antibiotics (poly~ rein B, neo~~cin , strepto~~cin). The theoretical

tasis for this use of’ )-.epar .r has considered that it can serve as a biologic repos-

itory for varIous ca ’ ~onic antibiotics in such a manner that the active dose level

of the antibiotic can be controlled and thereby prevent injury from high levels of

the antibiotic itself Additionally, heparin can possibly serve as “binder” of

various noxious substances produce i by the pathogenic microorganisms, such as

aminee, etc. .

Studies in progress hive been concerned with screening various toxic antibi-

otics for possible dev.lopaent as more usable agents. The toxicity of Netropein,

a product of Chas. Pfizer and Co , has already been found to be significantly less

in heparinized mice or when administered as a hep.rin complex. A few other anti—

biotic agent s have also been found to be less toxic under these conditions. A more

ad.quate analysis of these studies wifl. be presented in the next report.

____ 

I
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IV. Influence of ACT H on stress phenomena. As shown in the previous ~tud1es, the

• acidic nature of ground substance mucopo ly saceharides can go vern the tolerance of

t he tissues to various catjonjc substances. Non—toxic cattonic substances should

therefore be able to neut ralize the~ - activity in tr.is respect by competing with

the toxic agents for the anionic ~roupa of the mucopolysaccharides. A number of

basic substances exist in the tissues, some of which are released during •t ress

suck. as histamine and ACTh. The study was carried out to determine the effect of

increasing amount s of A CTH on the tolerance of mice to the histamine releaser ,

polyay’xin B. Groups of mice (l~ animals in each) were injected intravenously with

s .ngle doses of graded amounts of’ ACTH, each containi ng a standard sub-lethal amount

of poly~yxth B. Mice receivin ,~ the control dose of poly~ rxin ( . 5 u~J~~) r A :  a £

surviva l, pius 5 to ~ ugm A Ci’~/~~: & ~ surviva.., 2~ ~.gr ACTL/~~, .. % surv~val, ~7.5

ug AOTH/gm: l~% sur v ival and 5~. ugm ACTH/gm: zero £ survival. Deaths occurred with-

in 5 minutes after injection . These results indicatin g that poly~~xtn to lerar. :e is

reduced proportionate to ACTh dose suggest that ACTH can interfere with a natural

mechanism in the t Issues for deali ng with this sub stance . Thus an otherwise lethal

dose of polyi~ ’xin can become equivalent to a lethal dose. Since it has alrea dy been

shown that. hepar in and other acidic znucopo l.yu ccharide s of the ground subst ance can

enhance tolerance for poly~~cin , this action of ACT H may be considered as a func tion-

al deplet ion of these acidic mucopo lysacc haridea.

The importance of ’ ACTH as a hormone made it imperative that further experiment s

be perfo rmed to determine the spe c ificity involved in the A CTH effect on tolerance

to polyt~yxi n. Accordi ngly, a number of other substances were selected for compari-

son with ACTH. Group. of’ mice we re treated as before and the standard polyi~xin dose

wa s given as a mixt ure with different amo unts (25.0 , 125 or 6.25 uaJg) of the test

subst ance and their effects on the survival ra tios were noted. In an associated

study, the effect of each of the test drugs on the dissociation of the toluidthe

blu.—hep.rin complex was also determined. The amount of test substance required

/
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to r~~•a ~~ 5$ ~~ of f.” dye from its heparth complex was ~~~~~~~~~~ as the ~$

releaser acti vity of tr’e drug. A substance was arbitrarily considered as ineffect-

~ve ~f more than 1 mg ~ it was required for 5 L  releaser activity. Comp arisons of

t he various dr’i~s on the basis of their ef fects on survival ratio and t Le~ r re—

leaser act ivities :~~:. be :t s er ve~ tn table ~

Table 4

~c~parisor. of Various Drugs for Effect on
Pc~1yiz~rxin Tolerance and for Dye Release

Activi ty 
____________________

Treatment and survival ratios 5$ dye release
________ 

Dr’~g~ doses (u~J) activity
~roup 125 6.25 (zig)

_________ —  

ACT H 
— 

150
Control
Pmx’ 6/15

STH Ineffective
Cont rol

TSH “
Control
Pmx’

Chymotry-pain
Cor.trol

Clupein
Cont r~ .
Pntx 1/i 7’i~ 10/iL

Neoir~’cin 2..
Con~roi - /L

Pmx L/l~ 7/l~Toluidine blue (6k..)
Control
P~x -JL 5/iL 8fL~Poly~~xin
Cont rol 0/iL
Pmx* ft

Saline —

Control
Pmx4 35/35

• Challenge consists of respect ive drug dose as a mixture con-
taining a sublethal dose (3 .5 ug/g) of polysyxin B.

A comparison of ACTH wIth 8TH and TSH, respectively, indicated that ACTH

was the only one of these protein hormones from the adenohypophysis which had

_ _ _ _ _ _ _  - —~~- - —---- — — --.——
~-

- -~- 
_______

-~~~ —~~~~~~~—~~~~‘—-—----- -
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a ~e~cnst rahj e effect on ~~rvi.a . ratios or was an effect ive dye releaser 4 t.yir~o—

tryps~~, another prote:n with biological activity, had no significant effect on

survl ;a . or dye release. However, clupein, a basic protein derived from a nucleo—

protam.the, proved to have marked effect on survival ratios and also proved to be

an effect ive releaser substance . The non—specificity of the ACTH effect on poly—

u~rxin tolerance can th’~s be seen and it would appear that this effect is related

to t he basic protein character of ACTH. Moreover , neon~ycin, a basic polypeptide—

like antibiotic substance, aiso had a definite effect on survival ratios at dose

levels which were not lethal tc control mice. This substance also had a pronounced

~~e releaser act Ivity

Toluidine blue, a basic thiazine dye with a well known affinity for heparin

either in vitro or in vivo, also potentiate.~ the toxicity of poiyu~rxin. This  ob—

servation gives f~r tLer suppo rt to ‘he idea that the potentiation of polyu~xin tox—

~c ity by these basic :1u~~~’ ances i~’ a resul t of t he ir competition with po1y~ rxin for

certain non—specific th-. iings with aci dic polyelectrolytes of the tissues. Further-

more, it 13 ct - .~ ou, from t he tab le that polys~yx.ir itself is the most active potenti—

ator’ of poly~ rxin toxicity and tha t, like all other substances found to potentlate

polyutyxin toxicity, it also has an effective dye release activity .

This concept of A~~
1 -mucopo 1ysaccharide interaction in the tissues is further

supported by the results shown in table 5.

Tabl e 5

Effects of ACT~ and Other Basic Drugs on To lerance of Mice to Poly~~x.in B

Drugs Added to ~Challenged Groups Challenge Dose Number of
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

(25 ug/~~) Survivors
Lethal po1ys~rxin dose plus Heparin

* 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

1. Polyrqxin B Control L~/l5
2. Pax—Heperin Control 15/15
3. Pmx-fleparin ACTH 1/10
4. Pmx-Heparin Clupein 0/10
5. Pzx—Heparin Toluidine blue 0/10
* Intravenous injection of15# ug po1yiç’xin~~,1gm alon e (1) or as a mix-

ture with ___ 
~~ the test substances (2.~~ 7

- — -

- — -~
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In t hts study a ie’~~~ h ~h p olymyx~r . was employed (5.~ ug/grt ) and ‘L r i s

be ~~~~~ rali.r : by 1.5 ugjg:: heparin. In this situation as Le :ore , ACT~

poteLt iated t~ .e toxicity of polyinyxin, thus neut ralizin~’ the protective effe .t

of t~~ e ‘ t~~~rir; To1t~idIr~e blue, as W6. i  as clupein , also reversed the prctect—

tve effect of’ heparin on the toler ance o~ mice to poly~ rx ir. intoxication. Thus

t~ .e physiologic s ta te  of the ts~ue, with respect to poly~~’xIn L~ can be rei~te:

t O  the respective a~ ti~ i’ i~ s of two naturally occurring substances of the body :

A~~H and heparin. Since ~~.r~yxin ~s a stress—producin~’ substance , A~tH further

eruta~.ces the stress sit ~~~~~~ whereas heparin has an anti—stress e f f e~ He~~rir.

serves to ~~~
-
~~~~::.e~~: the nat ur~ I ~y c :~~rr1n~’ ~ copoly s char~.:e s of e tissues

.~;ose :
‘
~n~:iona l act i.-~.t .y can ~~“ ovez~ heli~ei by va rious :~~t F 1 n - : e~ er. : :~~e~.ous~~

r t ’i e~~~ed (A C r h , e ’ c .) ~~~
- a ±c.:::~~ tere 1 (r.eonycth) dur~r~’ stressful ~cn ~.. t ions

V . Factors ir,fl~ er.c .r..~ t~~e toxicity c: sr.~ke ~‘eno~r.~ e t c .  It has t ee’. found

t hat  ecthe r ci~~~’ ~r; or tc .u~-ijne blue wi: er~ an :e the tox c city of ~~~~~~

~~~~ t t e s e  we~~
. r~’ n~ r.1zed ant . :—t. ; ~trin ~~~ ~ t ~ r. ~~~~~ can potentiate ~~~~~ ef-

fects of wo ~i :••~se h~ star~ r;e re~.’a~tr a~’er.ts: compoun i ..8/& an.: poly~yxin B.

Tol’ .idine t- ue als~ poten4ia ’ ec :o  iethal effec t s of t he  venom of Russell ’s

viper in ncce . ~‘urther - ‘  i h e s  of h:s e f fe -t  ~hc’ w~’: that heparin as well as

oc~ ”r aci~ ic mu - c p~- lysaccc~ rides , could reduce the ~ox:c ity of this snake venom.

T e  studies were carried o~t~ in S manner similar to t hose ahoy’’ w i t h  polymyxin

and A T)I . These observat .crs furtrer support the theory t ha t  aci~ ic mucopolysa:-

-harides ha ve an importart r~ Ie in the res~istance to stress -. It has been shown

that. a lterations in ‘h.’ conc ent ration as well as in the physical a n i  chemical

s’a tes  of the se substances pr~~ uce alterations in resistance to various stress—

producin g substanc es

Chlorproinazine, a ta sic substance with tranquilicing properties, fo rms com—

plexes with heparin in vitro. This drug, when injected subcutaneously, causes

a ma rked degranula ion of local mast cells. However , it does not markedly inter—



fete wit h the anticoagulant e f fe c t  of heparin nor dois heperir. interfere w~ tL its

tranquiliLing effects. This drug ~.as a ph.nthiasin. structure and its effects were

compa red to those of the thiazine dye , tolu.tdine blue , on the tox .tcities of com—

po ux~ 48/&~, poly*yxin B and Rua..Ll’s Viper venom. Th. tesults are shown ir,

table 6.

Table 6

Effect of Toluidine Blue and Chlorpro..zine on
Tolerance to Subletha l Doses of Var ious Toxic Drugs.

Surviv ors
Drug. and 

Control Compound 48/& Poly~~xin B Russel. ’s V~~.cr
~
‘ 

2.~. ,/~ ‘.5 y/gm .‘er,on ~~ 3 ~~~~~~

olui ilne Blue

~or.t roI ./1’ i /:.~

2.5 — 8/l~. —

- ‘/1 —

1 . -  - 4./i.- 5 /.

/1 /1

- . i~ /1 — —

hlorpro.i zine

Control — I~ /l-. l~/lL

2.5 — 1.-/lL l._/l~
_ 

—

- 7/l~ 1.-fl..

l..~; — 1/li. 5/1~l

— —

• Al l materials injected as mixtures of appropriate drugs contained in a volume
of ~.25 ml saline administered by i. v. route. Deaths occurred wIthin 1 to 15 m m .

It is shown that the effects of these basic substances parallel each other in

erthancing the toxicity of’ the various challen ge ag~~ts . Hepsrth can reduce the

toxic effec ts of both of these agent . by coaplexing with th. tox ic challenge agents

_ *  -~ 
_ _ _ _ _ _  .-- - ---~~~~~~~~~~~~~

- . - ‘—. — -j——— .- -. - .— —.

~ 
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I .
iy co~ pIexin,c wi th the t . x ~~. challenge a~er.ts and w itt~ the toluidin. blue. It is

e.- i~Ier.t , therefore, t r.at various therapeutic drug. may potentiate the toxicity of

.ar i c.s other substances. Tox l” ity can therefore be a composite of responses to

-i~verse substances a rvi “heparin” may alleviate thi s condition either directly

(ACTH, Neo y’cth plus p oy ~rfxtn or indirectly (ch].orpromazine ~~~ polys~-xir., .-t

This study is t e t r .~ continued w t t h  re ,car to the nature of biological substances

w:th. which chlorpromazine may t..ntcract or compete. St~ :ies in other laboratortes

have ~nii:ate~ that it may interfere with the activity of 5—OH—tryptamine.

Basic k~ines .  The theory that t .j x t c ~.t’, is a composite of many 5:r.~’.ø effects ~ms

~r.vest~ gateJ w Ith regard to hIstamine. This substance is usually cre i~tei w It h be—

in,~ tr.e med~ator of inf a~r~at~or., anaphyl ax is , etc.. Howeve r, m c e  are ~.oto r~ oi~’i:

resistant to the ; ar ~.n col ogi ca1 effects .)f t .’i~ substance. Various r ,a tur ally

occurring tissue amines may release histamine . This suggests t r~ t tr ey may a~t

as “replacers” of hist amine ~n its fixed state in the t~~s 5 ue 5 .  T~~ s Y e  active

conc entration of h .s ta ~~:r.e may be r~u:h ‘reater than su~tges te- .l by ~ts  ~c t a ,. con-

centration in tr..’ ~~~~~~~~~ it wes found that spe rmidlne , a~t~.a ’ i re , put rescine

ar-i cadaverthe si. . I:ant ’
~y enha nce r.istamine tOx~.::ty (table .) .

Table 7

Effect ‘~a .ra. TIssue Amine . on Histamine Tcx Ici~y
)ose of ~~~~~ ________ 

hIstam ine Dosa~e” 
_______

.‘sed in C~ta~~er..-e Control 55 y /gm 6~. y /gm 7~ ~~
Put res’ r,e

I ,/,~r

Cad. verine
12. y /gm •

Spermidine

Agmatine
• •

Survivors 9/10 7/10 3/10 L/1L

• Lethal dose of hiataatn. 275 y/ga.

- —

— ------—- ------ -
~~

- -
~~~~~ 

- — i _ ~~~
_ _
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It ~s ~ That  the amoun’ s the ini~ vidua1 amines used in this study wore

non—tox ic arc that th~ mixtures of these amines (without histamine) were relattve —

ly non—lethal (a4 survival). The amount of histamine required to produce lethal

intoxication (u% surv ival) I!; mixture with the .ctt.er amine. wes ~~uv i~~~ one—fifth

of the hista m.t~.t ’ LD, 1o~~ by’ the intra venous route. The results suggest that hi st—

a~~ .e toxi .cIty in ~~ ce :5 be a natural phenomenon under conditions I~t whic!. other

tissue ami nes are also release-I . However , It would be ar oversimplification to

assume t ! .at  tr.e hj s t .~~’n. was the sole mediator of these toxic states. Since va r-

b u s  other substar. ~~ are also released as t t e  result of t issue ~r~j .Jry and 
~z

contrIbute to th4 toxi ’ e f f e c t s  c f  h stamin., therapy- i i re c te I  towards any one con—

s’ ituent coul~i alIe’:ta e t he  stress conditIon . An example of this is the use of

Pepa rin in t r ,toxtcst ions of rt:.~ resultln~ from ver~osa~’e w Ith compound 48/&- or

pOiy~ rxifl ~~. Hepar-.~. reaitly reverses the ir.toxicat .cna produced h-i these b:sta-

~inc releaser r-~k ‘ a: . -~-~~, yet i t  4oes not marke d ly alter Int oxi cat lon e r ”~~~~~r.~’

f r rc ~ a t ~r.~n :s rat1cr .s of ’ hIs ta~r~tr.c itself’.

VI. Fate of a1mln:~ tere d heper.n and x—irradiation stu d ies. A lar~-e number of

s tu ;f t e~ ave been -ar r~ed out in is laboratory showing that fibroblasts of the

loose : cr - r ~e~ t.ve  ti~ sue in~ec ’ srI temporarily store t h i s  mr-tachromatic substance.

A ~t - ~ t~’ was carried c~~t o crrelate this ef fect  w Ith t h e  loss of heparin from

tne bl ct as measure d by ‘~~e ~Ioo 1 coagulation time.

A-~c~n. stere-~ hep ar i r  (1.25 r.~) prolongs blood coagulation time of mI ce over

a period of 6 to 7 hours . During th is time it is accumulated in the interstitial

tissue by t~~’ f’ibrot iasts and stored in their cytoplasm. as metachromatic granules-

This ma nria]. is figested ~ux- t rig the subsequent 3 ’— to 4P hours. These results are

of Interest since the current ideas on the fate of heperin consider that it is

_  _ _

broken down by- “hepariniiee” in the liver and/or xcteted a. uroheparin by the

kidneys.

A number of studies in other laboratories have considered that prolonged co—

_ _ _ _ _ _* -_ _  - -- _ _ _ _ _ _ _ _ _ _ _ _ _
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d ulation times of ~loo~ fo llcw~r.g irradiation are due to N’lease of hepar cn  from

the mast cells to the blood. In our atu- ly , x—Irrai iation (~ 5O r, 65. r) fa iled to

alter coagulation time s n-~ control cr heparin—treated mice. In the litter group,

the animals were irradiated 7 to 8 hours after heparth treatment , at wt ich time

t’e heparin was not detectat le in the blood and ~~s conce ntrate d In the loose con-

nective t issue . Since fibroblasts readily ingest “free” heparin or bour~ hepa r~r.

t (mast cell ~ranulee) it w~u d  be expecte I that heparin released from a~. injured

cell would appear :n the blood or,~y with dIfficulty.

However , the x— Irradtation dic appear to reduce me abil ity of some cells to

metabolize their ingested repa r~n Preliminary observations also suggested that

pretreatment with heparin cou I prolong survival time of mice given a lethal dose

of’ x—irra ation (‘- “u r). These results are being 1r.vesti~atei furt her with the

idea tha t  heparin tr ,  the tissues 5~-r v e s to t-~nd w ct h var ious  noxious s~tsta nces

wh ich may be relea se as the result of x—lrra ~iat Icr lr.~~ry. Administered ~epar-

in could Thus ir.crease .~~~~~ tissue capac~ tv to deal w :th these substances If It ~s

al lowe d to accu ~u a ’ e ~r me t i se~es prior ¶ c— ~njury an-i thereby not be actthj as

an ant tcoa gular.t a’ • re t ime of in , urv .

VII. Steroid sulfates. A prepare’ ion of sulfate~ es~- rogenbc hormones Imoim as

“Pre~~ has teen teste-I for Its effects on the lethal toxI:it~ of various sub-

stances and it has been found tha t :t wIll protect mice against a lethal dose of

the hIstamine releaser , compound 4.~3/&., but not poI~y~~xlr . B. Addit iona l s~~~~”s

with th. purified steroida l constituents of this preparation have been carried

out, but none of t he  sulfated steroids used had any marked effect on compound

48/&~ intoxication.

The efrects of “Pr.~ ’ on ana pt~y 1axis, histamine intoxication, etc., have

been studied with no marked effect s observed. This mixture will form precipi—

tates ~~ vitro with various cationic substances ranging f rom ACTH to histamine .

However, more often than not it tends to potentiat . toxi c effects rather than 

— -
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* ~n!~1b~ t them. This may be due to the formation of relatively insoluble precipi-

tates within the blood stream. ~~ly compound 48/80 toxicity is significantly

inhibited.

VIII. Sulfated macromolecules. Two fractions of polyethanol sulfates have been

briefly tested. ~~e fraction ( lU—l5 ,L~-u mol. vt.)  ~~~~~~ report edly activates

plasma lipase, protects against compound 48/80 toxicity and is Ingested and stored

by fibroblasts. The other fraction ~~~~~~~ 1401. wt.) reportedly has little ef—

fect on plasma lipase , does not protect against compound 48/80 and hoe s not read—

ily appear as granules in fibroblasts.

LI. Nucleic Acids. Desoxynucleic acid (DNA ) an.: pentose nucleic acid (PNA ) are

readily ingested by fibroblasts when these macromolecules are coitplexed with corn—

pound 48/80, but not as “free” substances. In related studies ‘t was found that

poly~~xin B (a basic polypept ide ) as well as sa lmine and clupein (protamines) also

serve to facilitate thIs sequestration of nucleic acids by fibroblasts. DNA is

ingested more rapidly under these conditions than is PNA . It was found that ap-

proximately 156 cells/sm2 of loose connec tive tissue showe d uptake of 48/80—DNA

within 1 hour v~. non. in tissue ingected wIt h DNA alone . Similarly , 11~ cells!

me2 showed 48/80—PNA uptake within hours vs. none for  PNA alone .

Further studies showed that pretreatment of mice with single graded doses of

either DNA or PNA coul: provide protection vs. a lethal dose of compound 48/80

given by this same route 30 minutes later. Calculations of results showed that

DNA was approximately 5 t imes more active in confer ring protection than was RNA .

The 5~L protective dose of DNA was approximately 1L~ ug/gm whereas that of P14k

was 5~ ug/ga. The results suggest that DNA and PNA behave somewhat differently

in the tissue s and not simply as phosphorylat.d macro molecules.

In s~~~~ry, nuc leic acids can interact with compound 46/80 in vivo and

this complex can be sequestered by fib roblasts end deposited a. granules within

thei r oytoplasms. The importance of the nucleic acids in various as pects of

.
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biology and the marked histamine releaser acti v Ity of compound 48/80 imply the

* fundamental natur. of this phase of’ micellophagosis. The fibroblastic upt ake of

a nucleic acid and the passage of nucleic acid materials thru the cell membrane

in virus infection and transduction experiment s may be very similar phenomena.

The role of’ a substance such as compound 48/80 in enhancing passage of nucleic

acids into ceUs merits further consideration, since it could be highly signifi—

cant wIth respect to carcinogenesis .

Discussion

I The roles of histamine and heparin in the tissues are fundamental in the main-

tenance of the physiologic state. Heparin binds relatively large amounts of tissue

histamine ~mast ceIIs~ and in thi s state can serve as a readily available substance

to bind with other agents for whIch it has a stronger affinity (e.g., histamine re—

leasers). The toxICIty of hI5~arn..ne ~~ vary ac cord Ing  ~c ‘J..~ amount of histamine

released as well as to the cor.d~t Ions of release. It has been shown in this study

that histamine is markedly more toxic in the presence of other tissue amines than

when alone. Likewise , the tox~.c.ty of a histamine releaser is related to the amount

of heparin available t~~ t Ir.~ with i t .  Therefore, the response of an organism or

its tissues to a giver. amount of a stress stimuli is related to n~~erous factors

and the response can be lacking ~to lera rce~ or exaggerated (hypersensitivity).

Specific therapy lir ec ted to any one component of the stress-produc ing complex may

be sufficient to al leviate the stress situation. Thus msr~ agents , ar .tihistaainics,

adrenocortical hormones, heparin, etc., may serve as anti—stress substances — each

acting in Its own specific capacity. It is therefore considered important to ex-

plore the nature of their respective activities. In this way, the therap eutic va l-

ues of these drugs can be exploited mo re specifical ly and therefore , mo re effective ly. 
~
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