c
-
8
g
H

Loyola University Chicago

GLORIAM

e Loyola eCommons
Dissertations Theses and Dissertations
1954

lontophoresis: Fundamental Experimental Studies
Using Radio-Isotopes

Edward Paul O'Malley
Loyola University Chicago

Recommended Citation

O'Malley, Edward Paul, "Tontophoresis: Fundamental Experimental Studies Using Radio-Isotopes” (1954). Dissertations. Paper 425.
http://ecommons.luc.edu/luc_diss/425

This Dissertation is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in

Dissertations by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.

This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1954 Edward Paul O'Malley



http://ecommons.luc.edu
http://ecommons.luc.edu/luc_diss
http://ecommons.luc.edu/td
mailto:ecommons@luc.edu
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/

JPEDRESTS 1 FUNDAMENTAL EXPRIMENTAL STUDIRS
USING RADIO- ISOTOPES

A Thels Gubnitted 4o the Fesulty of the Graduate Sahool
4f Toyols Univereity fn Partial MAfiliment of
the Megutrvements for the Degree of
ooter of Philogephy |

1984

Stritch Schoo! of Medicing
Lﬂybd VI VN




m

Bward Pavl O'Halley was born in Endson, New Yosk, on May %0, 1926.

He was graduatod fyem Pranklin X. lane High School, Bveekliyn, New
York, June 1943, snd attended S¢. Jehu's University frem Septender 1943 Vo
June 1944, From 1944 %0 1946 the mithor served in the United States Naval
Beserve. The writer returned to B%. Jolm's Uniwersity in Septesber 1946 and
graduated, Juns 1949, with the degres of Bachelor of Solence. While in sbten-
danos at 8%, Joba's University he was the holdsr of a New Tork State Scholare
ehip.

He began his grafuate studies aé Loyols University in Septesber 1949
and was awarded & Measter of Solsnce degres in Pebrusvy 1953. The suthor has
been a holder of & fellowship swarded by the National Institutes of Health,
Public Health Satwioe, for the past year while completing his pre-dsctoral

t+




X wish 0 express ny sinsere therks asd sppresistion to Br. T. T
mw, wnder whose Jurisdiction fhis resesreh was carrisd on, His kind,
s¥tentive, and inspiving attitude helpsd to bring shis ressarch 1o & WHa0ess-
ful ending. It has boen & rare pleasure indeed to have beex associsted with
Dootor Gester during ay grafuate progran at lLoyola Usiversity.

This suthor is also indebied %o Dostors Charles D. Procter, Eugh J.
Molomald, and Msurics V. LiEsureux, vhose many valusble suggestions and gune-

exprassed to Mostor Prederick Benjamin for meking
Mhhumgwm&WMrthnmnm

study,

11




Chaplter : Page
zq mmmw LI Y TR TN 2N TN R Y SRR N SN N S I R IR B Y R B R N R Y 1
13- W m m & & & € % & & ¢ 2 & ¢ 0 8 & 995 S " e 9 3‘
1. m L T T E e )
”9 ﬁlmawﬂ m ﬁﬁwmfﬂx a ¢ @& & &8 9 % T Q9 s " S 3 T s s ”
Vo BUMMARY o o ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 ¢ ¢ 6 ¢ 6 8 6 ¢80 6 0 ¢ 0 v 6 v 0 ”
Bmmﬂ'{ T N Y I B A S Y I I R Y Y A B R B R 2 B R B B Y N BG
mm € 6 0 s s s e P s U s us e e es s s ases IS

iv




LIST OF TABIES

Table

1. IMPORTANT m& or ?araxm CHEMYCAL FACTORS

IR EXPERIM

f""'“‘”"“k’-‘ " ¢ & ® O e T B e W PN S G

II. TISSUE DISTRIBUTION OF PER IN THE RAT AVTER IONTCPHORE
‘ ﬁm?mmmﬂ..‘tl.CQ.....O‘.QQ..‘

RIBUTION OF PE2 IN THE RAT AYTER IONTOPHORESIS

m"mxmmzmeml‘t'Qli..ttb..n
IV, TISSUR DISTRIRUTION OF P32 IN THE RAT AFTER IONTOPHORESIS

WITH VARTATION 1IN QURRER
V. PISSUE DISTRIBUYION OF P23 1§ wme RAT AFTER ION®

P TENBITY o o 6 ¢ ¢ 0 ¢ 0 ¢ ¢ 2 ¢ ¢ 2 @

PEDRERIS

ﬂﬁ?MWHMEW.«-¢...o‘.¢...-...
vi. mm mmxmex oF rﬁ 1IN THE RAT APTYR TONTOPHORES!

BIZE » ¢ ¢ ¢« 0o 0 s ¢ ¢ 08 04 o

10N SIUDIRE WITH VARIOUS

& & & & B 5 4 ¥ & P ¥ & 4 96 ¥ R oo

XI1. COMPARISON OF mm!mm OF ATMINISTRATION OF P22 , , , .
XIIt. COMPARISON OF IONTOPHORESIS WITH SUB

USInG mm DIIODOY

XI¥. COMPARISON E);? I0W ‘
USING COLLOIDAL Ags9o

HORBSCRIN | : oy
TOPBEORRSIS WITH SUBCUTANRZOUS INJECGTION

v

& » w ® & & ¢ & 9 & ¢

™ 8 & #§ ® 4 4 ° ¥ ¢ 85 & 6 6 8 0 B ¢ b e e

-

3 8 8% 28382 &8 & 8 & B




LIST OF TABLES (CORTINUED)

Poge
» ropRORESIE WIME PS3 L L. .. ... M
PHOREBTS mmmxﬁmmkms ustEG P32 . . . L. .M
OPHORESYS IN TUMOR AND NON-TUMOR RATS USING 4wl®8 , . , ., 78

XVII]. IONTOPHCRESIS ACROSS TUMORS ﬁazmr&. t e s e s
somg USTNG ARMOE . . L L ... ...

YP000L OF TISSUR DISTRIBUTION OF P2 1IN ®ms RAY
ﬁmvmze’zxw..‘.QQﬁtﬂﬁlri"l.l..l

XXI. FROTOQOL OF TISSUE DISTRIEOTION OF P32 IN 7R RA®
ﬂ?ﬁ lemﬁ IGE!@ PRI YL * 5 5 ¢ & ¥ 8 ¢ & 2 & v e

XXiX. PROYOCOL OF TISSUD BISTAISURICN OF P32 In TR RaAT
uﬁ?mmmmm”‘.tt“l'iCil ”

XXIIY. PROTOCOL OF TI8SUB DISTRIBUTION OF P92 1y omx may
ﬂﬁ?ﬂm&fmxlﬂmﬂto«p--.......ce.-..gm

¥ "‘2«5“"&% ::".i‘* LR wwmmmm
mmx&sxxmmMirtoﬁtﬁtctoﬁ‘oncm

PROPOCOL OF TISSUE DISTRIBUTION oF PU2 1y oHE RaY
vamrixom&ﬂwqu.a.-..'.-...- m

XIvi. TISSuB DISTRIBUFION IN THR RAT LFTHR ROWIOPHORRSIS
ﬂ&ﬂﬁﬁmm T 4 o o 8 0 s 4 s e e s e v s e e e e s v A7

‘*'; i | _ ¥ }-‘;g‘.g-‘
WITH %5 wmnamm.m

XXVIIY. TISSUE DISTRIBOTION IN m RAT APMTER IOWTOPHORRSIS
WITH 113l LARELIAD DITODOFLUOBESCEIN o o o o o o ¢ o o o o o « 109

3'3 3

vi




LIST OF TABIRS (CONTINUZD)

Zable Page

XXIX. TISSUS DISPRIRUTION IN THR RAT AFTER INTRAMUSCULS
mrmmaar:p x,mmnzmmmmmm U & [ ]

XXX. PTISSUR DISTRIBUTION IN THE RAT APTER JONTOPHORESIS
nm "'“’0‘Q&'&.‘Q»O'l“"‘d‘th-hqnm

P+ + I8 &mmmmmmmmmm
‘W!ﬂ!@!ﬂ&..¢.....¢.¢».........‘ 1il2

XXXI1. TISSUR DISTRI IN THE RAT AFTER IN?RAPERITONEAL
mmmw itwtﬂl-uﬁucota-utnﬂaoons

XXXT11. TI1S8UE DISTRIBUTION IN THE RAT APTER INTRAVENCES _
mfw&m bﬁﬂtﬁﬁlﬁi'QiOOCOUQ"C.Gm

ZXXIV, TY0SUR DISTRIRUTION IN THE QUIKEA PIG AFTER T0¥TOPHORES IS

aonoo'p-¢o¢4ocq-ocvovﬁc-o.-m

XXXV, mmmt@mmmﬁm IONTOPHORRE:
mﬂBtdtoq'05oleovtoonnc'cutboom




LIsT OF PIGUERS

Figore
1. CONVERTIONAL ARRA¥GEMENT USED IN IONPOPHOEESIS o = « o o « o o o o
2. IONTOPHORESIS ARRANGEMENT USED WITH RAT TUMORS o « s o o o v ¢ « o
Be nmmamrmmmvmam INPH o « o s ¢ o v 6 0 ¢ s a s
4. DISTRIBUTION OF P52 WITH VARIATION IN IONIQ SYRENGEH o « o o « o »
B. DISYRIBUTION OF P32 wITH VARTATION IN CURRENT ST
8. DISTRTBUTION OF P32 WITH VARTAZTON IN TTME ¢ o o v ¢ o « o o o o o
7. DISTRIBUTION OF P33 WITH VARIATION IN LA

8. DISTRIBUYION OF P53 wITH VARIATION IN CONCENTRAT!
(v___mm)ono-t‘*-oo..¢.-oo«'n~-¢-“

9. DISTRIBUTION OF PO2 wITH VARIATION YN CONCENTRATIO
mmm)ooctqtvvon‘Qﬁutontt-n|¢oo*

mwﬁmmmwwxWM@WMa.-...-'*..¢..- w
11. DISTRIBUTION OF P2 FOLLOWING VARIOUS ROUTES OF ADMINYSTRATION . . 6%

13. DISTRIBUTION OF 133l LAPEILED DITOROFLUCHESCRIN AFTRR ~
IONTOPEORRSTS AND SUBCUTANEOUS INJBOTIONE « o o o o » v o o o o « « 64

13. DISTRIBUTION OF Ca™ APTER IONTOPECRESIS AXD SUBGUTANBOUS |
‘WMOoantoauovuc-otavo&-uaood'-\\vtﬁ%

14. DISTRIBUTION OF P32 WITH YARTATION TN SPEGIRS ¢ o o v 6 « « « o « o 88

AL

$#$&$38‘g

‘aé‘h“l 51@ . N & ¥ & 0 0




solution are spplisd $o the surface of the Dody and introduced into the tis.
sves by Ow use of elestrical curmat. Xlestrepbovesis 1s no% included in
$his definition an 1% is & movement of & colloid (4tspersed pbase) in the
pressnce of an electrical field with the digpereion medium held somstant. In
e sane way our uss of the teym lontophoresis does not inciuds elevtrcosmosis
wvhich 1s defined as o movement of a liguid {dispersion medimm) while the dis-
perasd phass i beld constant. fome of the litersturs hawe used these three
terms interchangeably. However we wish %o amphasize that in our opinten
fontophovesis sbould be the oxly texm spplied to this gemerel process. Iom
tranafor nsy be considared synomymous with our uss of this texn. Theye may
Sakn plase sone dugres of either or otk elsctvophorssis and slectroommoels
sireutt, tut genarally we ayply iems in solution, sot eelleids.

‘ The medisal prefession has besn fassiuated for more than a csuntury
Parmll (1921) stabed that sach o fomm of medication was desorided as long ag
as 1747 by Yeratti. Accopding to Jones (1007) Pelaprat claimed %o have inkre-
Guced fodine in the $issues in this way fu 193%. Prankenbeussr (1906) in

1
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1898 was very musosssful in intredusing many drugs into the body by galvanie
curoent. As & practical exeveise in therapeutias, the genswal spplication of
the theory must Be credited %o Iedus (1908) who Drought 1§ prominently Defore
the medieal profession, in & wries of papers Beginning in 1500, In our pre-
vious reseayoh study on lonmtophoresis, we obtained evidence for the penstvs-
t10n {nte body Sissuss of dye wbstances, orgasic drags (Oester snd O'iallsy,
1963) and radioisotopss (0'Malley, Oester, and Warnick, 195) We concluded
in this stuly $hat fomtophoresis is concermsd with the introduction of » sud-
stanpe in¥o living dissus Ty elsotrical cwrrent followsd By dissemination by
"y of the cliroulation with & systeste sffest Shareby following.

Oongideration of the prodlm led us $o ask what influwsnce plysieal
Tuoters aush as pH, ienic strength, ourrent strengih, dwrebion of fontophore~
#is, wize of the elactrods, conosniwation of the substence used, snd physieal
state of the substancs might play in fomtophoresis. As we previously memblonel
we belisve that ionbophoresis, or ion frsusfer Uy electrical current, produces
initislly sn effwst dus to intvoductionm, looally, of the substance into living
$isome. Sinos this offect is an slectyelytic one, as a physical phesomenox,
£t showld Do concerned with some of the physical chemical factors we have al~.
ready menbioned. For this yeason we decided S0 umdertsks in our present Ye-
seaxch an iuvestigation of ihs possidle sffects of these varicus physieal

We will mevisw brisfly the findings of other investigators wha wesd
Sontopherwsis, where they varied certein of these pliysieal chemical fastors.
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m:u (1937), using iontophoresis inke Inusan skin with MM.H
obsarved that wariation of the pH of the solution at the sotive slsctrods
damongbrated 1itile, if any, effect on the phywiclogical Tesponse measared Yy
" & whealing yesation. ,

Esrpuder (1937) conclwded in hie gtudies on fontophoresis that the
PE of the slectrolyte sclution is iwportent insofar as 1% inocresses or de-
crenses fonisation. |

Harpuder (1938) in his dimoussion of the eleviroploretic theory mt#
thas the intreduction of positively sharged mbstances from the postitive pole
in watery, neutral, or slightly alkaline solutions proved %o e the most efff-
clent procedure. Hs ssgzested that & negatively charged solution be intve-
dnosd from the segative pols in meid solution.

Bierman (1938) considered pll & factor in the use ef femtophoresis inl
husen subjects as & tharspeutic measurs. He also advised that, for grestest
sffectivensss, positively chavged substances b introdused in neutral or
slightly alkaline selutions sud negatively charged substances in seid solw-
tions with & pX of lass then thres.

Abrangon (1937) noted in iontephoresis with higbwmine inte humen
skin that by ingreasing the tonic strength (usimg XGl) at the active eleutrodel
The sffestiveness of lontephoyesis was titrated by measuring the sxlent of the




Many of the Tesearch werkers have reported findings on $he influense
of curvent strength and %ims of spplication on the effectivensss of lontophore
wis. Sbramson (1942) moted in his experiments with mecholyl iontophorvesis in
mman patients that there was no elear out evidence obtained te indicats that
a longer peried of appileation slicited a greater wasodilator response than ahr
ons of shortey duration. Similarly, a higher current dexsity was no mere effi.
~ On the otber hand Fotte (1918) noted in his experiments using lonto-
rhoresis with zine that surrent sirength and time of lontophoresis were fastors
in the total tyansfor of material by this method. Friel (1918) alse indlcated
$hat the time of lomSophoresis snd owrrent strength wers important factors in
such fomtaphoresis. Mackmay (1928) postulated in his experiments, wiwye e
ouployed gine festephoresis in treatment of purdlent otitis medls, that the
slactric current furnishes s "pressure® which carries antissptics inwardly
through the skin and mucous membrans. Farther, the depth of penstration, withe
in 1imite, depended on the sivength of the current used snd the duration of its|
use,  Welker (19048) employing fontepbovesis with aine in humsns mentions that.
the diutence the sin penetzates into the Aiseue depands on the sirength of thal
curpent, the langih of treatmant, and the kind and nature of the tissus to Lo
treated. Wells (1943) stressed the importance of egtimating the quantity of
olectrieity used in the proosss in treatment of chronis sypuretive medis.
Rredall (1938) found thet the mmount of eopper driven ints the tip-
sass by lontophorssis wes in divest proportion to the amount of surrent, snd
the langth of time the current was flowing., He commented furthey that a
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longer treabtment with a relatively small ampersge will dvive the copper lous
doeper into the Sissues than a short treatment. oo high an ampersge csused
too great a cosgulation of the tissues and hindered the movement of gopper Lons,
Sloan (1911) in the use of lontophoresis with organic drugs and
nmetals, for treatment of certain gymecolopical disoases, Sook into acecunt the
conlombs of elsclricity which wore used, He trisd to caleviabe the amount of &
given material penetrating into the tliscua. Indirsetly bhe supported the hype-
thegis that the current strength and durstion of iontephoresis was dirwetly
related to the penetration of & wubstance inte tiscus under the influence of
rsmww current. Pack et al (1924} concluded after his ientophoresis expert-
ments using organic drugs and metals that the mmber of migrating lons is de-
pendsnt on the quantify of current applied. He contimmes that the migrabional
velockty is laportant, neverthelsss, in the paassage of the ourrent, since the
lautaker moving ions convey the greater part of the ourrent, e.g., hydrogen ions
Enm five times the quastity of elesk¥eity thet is carried ky the chlorine
otte

Kovaes (1934) in iontophorseis exveriments ueing asetyl-beta-methyl-
jeholine-chloride in the treatment of chronic arthritis and peripheral vascular
[dlsstee in humans indfoated that the facters governing the depth of psnetration
sve (1) length of tims current flows, (2) the elsatromotive foree, and {3) the
Sissues Doing treated. Xotkis ot &l (1925) found after the imbroduotion of
soetyl-beta-neihyl-choline-chloride by iontophoresis in dogs, with a ourrent
snsity of 10 to 850 millismperes, there was observed a consistent lowering of
lood preseurs (10 to 65 mm.). In the majority of eaperimsnts, the rapidity in
hs drop of Blood pressize and the leungth of tims 1% was meintained varled
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divectly with the intensity of the current. 3Iredall (1938) noted in the treat-
ment of srthritis with mecholyl lomtophoresis in hamans that the rapidity of
action and the daration of effect can de fairly well controlled by the amoumt
snd the duration of the current applisd. Montgomery (1938) chserved aftar ion-
tophoresis in doge, using aceiyl~beta-methyl-choline-chloride, that the extent
of the fall in blood pressure varied directly with the amperage of the mt
mummw.mmmwmmnmmm thnwwotﬁaa
curvent alome, sinos it was absent shen saline was substituted for the drug.
The suthor generally confirmed the ¥esulis of Kotkis et al. Neliter (1943)
observed in & large muber of sxperiments recording carvodid '#looﬁ presgure in
the cat, after lontophoresis with mecholyl, that the general effects of the
|irue sppsared within & relatively short tine, depending largsly on the amount
[of ths ourrent flow. MNacht ot al (1948) found in buman subjects that with fon-
tophoresis of aceiyl-bata~methyl-choline~chloride when the intensity of the
[current was iuoressed from 10 to 18 milliamperes thers resulted greater in-
sases 1n blood flow. Howsver there was some variation in this, aim one
aman gubject reacted as strongly to 10 milliszperes as he did to 18 milli-
[eEpa Tes.

Kling (1938) noted that when histamine mmmh is prolonged or
fian Abe current dsaelty wes increased, gmersl systemic resctions oocurred.
1ing ot al (193?) reported sswntially the game findings. Abramson (1949)
found, in several lumsn patients using histamine iontephoresis for multiple
sis, ﬂu.t either ineresasing the current ﬂmﬁh or time of lontophoresis

roduosd an increased physielgical Mesponss. This was noted w the prinary
lugh reaction ramaining for a longer period of $ime after treatment had begun.




-
ﬁodﬁmx at al (1950) found that ths average’ Mm of ﬁsﬁ wheal effeot,
neing an adrensrele blocking agent sdninistered by tontophoresis, was found to
be 83 per cent at the five minute $ime level and 64 per cent ai mi’mm&m«r
level. ﬂm indicates that the Guration of fontophoresis had a pronounced
effect on the total transfor of thia material. Also it was found that the ex-
tent of aobivity of the advenergis blocking egent is a function of $he duratien
horesis. This werk was done on luman patisnts. o
Zoyd (1942) attempted to deternine the optimm strength of current
end tine of applisation of sodina sulfathissole ky lonterheresis in Tabbits.
He ﬂm ma these factors indepsndently. With a owrent of 2 milliamperes
tw $wo, stilw, and ten minutes it waa found that the soncentration in both the
wmmmmmmmbmmmumwmnm
tine of applisation. With a warlation in the sivength of the current of 1, 3,
3, 4, and § nilllamperes ond a constant application time (five nimites) there
[vas again & diveet but not proportionsl variation in the sulfathissole content
o2 the cornea and the aqueous imor.
Poreyra (1948) applied pemicillin by ientophoresis in the treatment
bf ohaneroidal uwleers in hwman patisnts. He found that the smount of peni~
:4114n recovered in the urine varied directly with the imtensity of the current
d and the duration of tha treatment.
| Yon Ssllmen (1943) observed that by increasing the current strength
4 length a;' fontophoresis applied %o the eyes of rabbits thers resulted an

of Lonk

| amound of atropine in the agueous hamor as compared o the lowsr

burrent density and ghorter duration.
Avramgon (1939) observed that the elsstrophovetic method not only
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adminigters suall quantitiss of ragweed intradermally, but slso permits &if.
forent guantities to be aduinistered by varying the current strength. His
workc was done on luwan patisnts. PFarther, (1941) in his experinents with gient|
regwesd, dwarf regwesd, and timothy extract he found that by increasing the
current dengity and maintaining the duration of iontophorssis constant a simis
lar result was produced to that when the duration of the current was varied
the current density wps kept constant. ghilkret (1942) noted that mntap!!m*::i
with grass sxiracts in human patients produced a reaftion thad could readily
be altered by Mﬂ& the current dsnsgity and the duration of iontophovesis.

gtrohl et al (1950) Mnﬂmu& with redioactive fodine and stron.
tium that as iontophoresis wes prolongsd tha activity found in the blood of
different rats was a fumotion of the inteneity of the ourrent end the duration
of the applieation. The aotivity of ths radioactive material in the dlood
tapeved off after lontophoresis was dipsontinued.

ondgomery (1938) obgsrved, sfter lontophoresis in dogs using scetyl-
. , loride, that variation in the electrode size of the posi
tive pole over a wide range did not affect the degres %o whioh Blood pressure
was reduced by given strengths of the drug. Molitor (1942) noted in Blood
pressure sxperiments in oats, whers mecholyl fontophoresis was employed, that
peither the size of the slecirods nor the sicin resistance at the site of appli-
oation inflvenced the remult, if squal currents were used for an equal length
of $ime.

Abremgon (1941) in his saperiments with glant ragweed, dwar? ragwsed,
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and timothy extrast iontephoresis, found as leng as the cwrrent density wae
kopt constant the eleciveds ares could be increased without altering the mﬁr
of material that was introduced.

¥olf (1933) found with lontophoresis in lnman subjects that the
greater the resistance the longer the sprlication should de;, or the greater the|
amount of currvent which must de applied. However, no data wes given to suppors
his claim, |

Bredall (1939) found that the amount of copper driven into the tis-
suss By iontophoresis was in diveot proportion to the size of the elestrode
ased.

Abrenson (1939) found that the quantity of ragwesd introdused intra-
dermally by iontophoresis oould Be changed by varying the electrods avea.

Patie (1918) postulated that the quantity of ions introduced by ion~
tophoresis is proportional to their chemical equivalents and independsnt of
thaiy concentration. Pack et al (1924) quotes Hittorf as finding that the
concentration of the solution is the most important fastor. He states that the
greater the dsgree of digsosiation of the gsolute, the greater the facility witl
whiok the current travels, lim the condustance of & selution ia due in part
to the dissociated portions of the molesules.

Kovacs ot al (1936) found in thelir experiments with acetyl-bata~
nethyl-tholine~chloride in lnmans that sesentially the same physiclogleal
actions wore produced with two different concentrations of thig choline vom-

F &

pomd. In one case they used a 1 per ocsnt solution and in anothe® a 0.5 per
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cont solution. Bredall (1938) noted in the treatment of arttritis with mechow
1yl icatephorssis in mans that the coneentration of mecholyl in solution
within 1imits from 1.200 to 18000 did not ssem %o influencs the physielogte.
offects produost. |
 Xotkis ot al (1935) found iu iontephoresis experiments with dogs

using acetyl-betmine thyl-choline-chlorids in dilutions ranging from 1-1000 to
1-10,000 that the results oblained with the seversl diluticns showsd very 1itt]
change except with the dilution of 1-10,000 where s decided differencs in blood
pressure was obssrved. Therefore ha was led to ‘Wlimz that ths increasing
dilutions of this drug, within the limite investigated, do not result in less
physiological effects whan the drug is administered by lfontoploresis. Boyd
{1939) mﬁtimﬁ the results of Rotkis regarding ‘hmvplvﬁalngzm of focts
obtained with two Aifferent concentrations of acetyl-beta~-methyl-oholine-chiow
ride. He mentioned that in his work deeided differende was fownd Debwesn the
sffacts obtained with & 1-100 and a 1-200 solution of this drug introduoed by
iontophoresis. The weaker solntion gave nons of the clear-eut general reactio
obtained with the larger concentiration. Molitor (1943) noted in a large :
of wxperiments Pecording carotid bleocd pressure in a cat that the use of a 0.5
per gent or a 1 per cent solution of meclwlyl, administered by lontophoresis,
rasulted in greater dhangey than when a 0.1 per cent solution was used.

Abramgon (1937) observed with iontophoresis into the human siin with
higtaming that thy coucentration of the material had o definite effect on the
looal) responss to this precess. Whersas 1:100,000 dilation of histamine in
duosd by lontophozesis produced a small lecal whagling reaction, & 145000
dilution of histamine produced a large whealing effsct. The curremt density
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was maintained consteant during the experiments Abramson (1949) showed that by
increasing the concentration of epinephring, given concomitantly with histemine
into the lmman skin by fontophorssis thers resulted a greater inhibitery effect
azainst the action of histaming (marked by whealing of the skin) than was fou
when a lesser conoentration of epinephirine was used. |
Von Sallman (1944) found that the lentophorstic introdustion of a

0.25 per cent solution of sodium peniciliin into the aqueous humor of rabbits
104, in forty-five mimutes %o & maximal comoembration of 40 micrograms per
oubic centineter. The average for this higher concentration was adout three |
tines as great as that obtained with & solution of 0.3 per seat sodium peni-
olllin and slmost ben times as gread as $hb average ooncentration in the
aquecus kumoy forty-five mimaies after a single cormsal Toth with & 0.25 per |
cant solution without slestric surrent. Pereyra (1948) observed that the
amount of pealelllin recovered in the urine after being iatroduced by lonto-
phoresis in the treatnsnt of chanoroidal wlosrs in homan patients varied
directly with the mﬁmﬁm of the pentcillin solution uu& at the active
omma..

| Brianger (1920) noted in his experiments using proetigmine fonto-
phoresis iatﬂ the mt of mttt that the higher the dilution of prostiguine
the longer is the hm pmm of tha pharmscological response--the micsis
setting in much later.

Von Sallman (1943) employed varicus concentrations of atropine sulfate

golution in the iontophoresis of these solutions into the eyes of rabbits. He

obgerved that vhen O.1 per cent atropine solution was used, the mt of alkpe
loid in the agueous humor, estimated by bicassay, was six times more in the
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oyes treated by lontophoresis $han in the control eyes whers the same solution
mMummm Woen a 0.35 per ¢ent atwopine sulfate solution was
used, the eonneniration in the agqueous in the eyes sxcesded by nine times that
in the confrol syes.

Abranson (1939) obeerved that the quantity of ragweed introdused Yy
iontophoresis is dspendent somewhat on the consentvation of the solution uged
at the astive elestvode. Shilkred (1943) noted that the intensity of the re-
sotion produced by mmﬂﬁh with grass extrects in buman patients may de
readily am hy changing the consentration of the solution used at the
active slectrode.

Haxpuder (1938) in his distussion of the electrophoretic theory con-
joluded that in fentophoresis the highest possible concentration of the lon te
be introduced ism advantageous.

As snother physical chemical variable, the physicsl ghate of the sub-
|stance used in lontephoresis becomss an important considersbion. There is an
% lack of experimental studies mwm a comparison of the physical
gtates of the materials mmw by tontophoresis. In this regerd, mﬂmﬁ:
pre undertaken to compars the effest of the lontophoretic introduotion of
lvartons collotds %o selscted non-colloidal materiels.

In the iiteraturs there are no extensive reports where atiempis were
to organige and smmmrisge the avallabls experimental m mm:mm these
latadies. Sush a wurvey hes besn made here. Table I lists ibe findings of this
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Because there was & wide diveygence of cpinion concerning the in-
flvence of various physteal chamiocal factors on the iontophoretic process and
sinoe the experiments wporded in the literatuve wore, in genersl, not ade-
quately controlled snd in gome instances defioient, we docided $o underteke a
detailed, controlled, mperimental approach %o this problem, using an essen-
tially quantitetive method by employing radiolsotopes. |
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IN BXPRRIMENTAL IONTOPRORESIS
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IMPORTANT BEPORTS ON PHYSICAL CHEMICAL FACTORS

- Mm PH 'xma Eleokrode leam. of "“M“‘""‘"
Strength]| Size [Substance |Strength | Daration

Abramson et al (1937) (0] - “ -+

fremgon (1939) + -+ 7+

Avrampon »{:.941») 0 + +

Abranson o% al (1942) 0 o

Abrangon (1948) 4+ + +

Backmar (1928) | + -+

Boyd et al (1939) -+

Boyd (1942) e +

Blevmn (1947) +

Eredall (1938) o + +

Bredall (1929) + | —+ -+

Erlangsr (1929) +

Potte (1918) O -+ -+

Friel (1918) ~ | 4

Earpuder (1937) + |

Harpuder (1936) + +

Xiing (1935) .

Kling e% al (1837) -+ A

Kotkls ot sl 1935) —+ -+ +
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IOMTIOPHORESIS AND ROUTES OF INJECTION
Iiteraturs Teports indicate that ilontophoresis produces a mope dif.

fussd psnetration of & given materisl into the local tisswes than other methods
of local injection. The support for this statemsnt is made mainly on the Basie
of & partisuler phystologhoal effect affar treatment with iantephorests-—such
as $the prolongation of a physiological responss after iontophoresis as ocupared
to the effsct produced after the introduction of materisl by other routes of |
adninistration. In gensral selected physiological effects were taken as the
oriteria rather than the dedgyaination of the amount of a substance introduced
into the Jocal tissues. Becsuse thers was no divect comparison made in the
literature betwean injection studies and iontophoresis, relative to looal chn~
centration of introduosd material, we dscided to investigste this aspect of the
pmm. more eonpletely with the use of radioactive isotopes.
- Howewsr, a few ressarch workers bad publishwd reporis where chemical
mmwmswm employed to demonstrate the pressnce of a substance
jafter tmwphaﬂsho xwhhy {1921) deteoted iron by chemicsl means in siin
|aad miscle of the mbMit after its introdustion by lomtophoresis. He also
found salicylate in the urine of the eat 25 mimtes after lontophoresls with
this sabstance. The author suggested that the depth of psnstration indicated
thet the action of the eurrent insveassd the miuﬁ of Mx:piian of the
introdnosd substances along tdentieally the same chaunels as in the controls,
lnansly, as diveotly as possible frem the gkin to the perivasculsr lymphatics
[vhich drain the skin layors. Nourguignon (1923) introduced lodine in the form
' potassivm 1odide by eleciric gurrent and Tecoversd iodine in the urine of

. pationts. Strohl et al (1960) were ihe only woriers who have reported
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the use of loatopherssis with wedioactive isotopes. Mﬂ suthors WWM
the presencs of radicsctive iodine in the bBlood of rats, gulnes pigs, and
ratbits after iontophoresis Yy ecounting procedusres employing t}» Gelger Musller
Counter.

Jhe local tisswe dsposition of a given material was indicated early
in the inception of iontophorssis ss & form of therapy. Clark ”(1519'} obesrved |
that by iontophovesis larger quantities of & drag oaa be sprlisd diveetly tn
any given localised avea than would be possitle by other methods of administre-|
tion; the introductien of the &rug is mere Fpidly effected, sud & move pro-
longed action ig secured. mm (1919) nmoted that tha mm intyroduced ag
ions by sn electrie current remains mmch longer in the $iswues MM&»
Jected bypodermieally. In the lstter cass, he postulated, they cccupy the
interstices of ihe connective tismie and are quickly earried off in the lymph
stresm, whereas, when introduced by eleetric current, they enter into the ac-
tusl cells of the tisstues and are wove slowly eliminated. 4 study of the
literature where & oomparigon was made betwesn the effects prodused by lonts-
phoresis snd that prodnced hy other ywutes of administration is swamerised in
the ascompanying m:», taken from the work of Kovaos & Kovsos (1934).




STUDY OF RFFECTS GF DIFFERINT METRODS JGR AININISTERING
TECYRD VASODILATING IRUGS

Oral mammm Hone None
1/2 - 1 hour | |
Dome 100 ~ 200 mgme.

gabcatansously Powerful general sffecis MAld gensrel effect -
lasts 15-20 minutes lasts 15-20 minntes
Dowe B-26 mgme. Dose 100-200 ngns.

Intrevenonsly Pronsunced general effect Mild general mm Ho genewval
lagts 20-40 minutes lasts 10-20 minutes sffect

Tontophoresis Pronounced local sffest MN4ld local effects  Promounced looal
Tants 4-10 hours lasts 1~2 hours offect -4 hours
Doss O.5-1% solution Doss O.5-1% solution Iose i-;ﬁ.mn
solution

A mote recent approsch to legal deposition of introdued material
vas thst taken by the pressnt author (0'Malley, Oester, snd Wmmick, 1964)
using fontophoresis with radio-lsotopss. In this work the amownt of material
entering the local lssue was estimated by radicactive counting of the looal
tiswus aves. Since our sarly results had Bome out the Teports of previeus
Tessarch workers in this f1s14, that lontophoresis produces & move diffused
penstration of the material into Ahs looal area, ihis technique was snggested
for possible use in mb-gurface tumor Sherapy. Injeotion techniques are |
presently employed in sudesurfase tomor therspy. Thits injection form of
therapy suffers the drmwbedk of net delivering an adequate smomnt of radistion
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(employing radiocactive materials) or cancerocidal material %o all of the tumor
cells involved. Therefure we postulated that lontophoredic introduetion of a
substance might show a move intenss distrilution in the Joval tissue. Jor thid
reagon we decided to attempt to evaluate the usefulness of iontophoresis in
tunox Sherepy. ‘

The Wallker rat tumor was employed in these studies. Ag a matter eaxcj
higtory, Zarle (1935) reported fhat in 1928 Dy Georas Nkar é‘ﬁrﬁma a »mw
on the lower left sids of & well grown female rat spparently ten months of age.
Histologieal study confirsed this $o b o carcimens. Tramsplantation of this
tumor was sucosssful and now, 36 years and many, sany tvensplants later, thig
transplantable tumor is s#ill being ussd. Schrek (1935) in & guantitative
gtudy of the Welker rat tumor illustyated growth curves and geve directions for
injecting the tumor. Talalay ot al (1952) sumsarissd various fastors that con-
trituted to the variability in the growih rate of the trszsplaniable juzmor.

Reports in the liternture relative to the use of iontophoresis in
tumor tharapy sppear rather semnly, asserding te¢ & survey mads by this writer.
There are, however, & few that are reladed to this subjecd. Clark (1918) re.
ported the removal of muliiple warts by applisation of megnesiwm iontephoresis.
Wardle (1919) observed the disappsarance of a cancer of the rectum subssquent
%o lontophovesis with zinc using a current of 60 millismperes :tqr thirty nmtef
on alternate days. Borrel of al (1923) treated implanted sarcoma in rats by
fixing positive oarbon electrodes over the tumor on compresses saturated with
various metallie solutions. Cuvative results were reporded in a mumber of in-
stanoes, especially with the lead fon. Pack et al (1924) samariwed the work of
tumors with fontophovesis by saying that the metals deposited on the surfase of
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the tumor were somewhat sorrosive, but the destruetive astion was probably not
due to thia alene. Reférring o the above protocol, be noted that even seven
nilliamperes of currest produces s coagulative phenomens. A millimmpersge of
60 would de guiskly destrustive; liquefsction occurs a$ the negative pole;
congnlation % the positive. These facte lsad Pack st al to believe that the
bensficlal regults obtained in the treatment of tumors, and the various lesions|
nentioned, were due kin‘wa vaxrt to the action of the M’wﬁa current por se.

1% is well known that radioactive isotopes have prowen effsctive in
therspy sgainst localiszed twsors. In the choies of a sulteble material several
eriteria have bBeen smployed. Thess are 1isted as followss

1.- It mist be compesed of physiclogically harmless ‘slemsuts.
E:‘% ‘J Tha particle size sust De large enough to prevent dissemination.
" 8. I6 must be etable enoughito prevent uneves local precipitation.
4. It met be available in high speoific activity eo that sdnormally
large volumss are not requived. '
8. 1% must bave & relatively short half-1ifs o that the whole of the
dose is delivered 13 & vessonsbly short time.

Gollotds) 4% appesrs S0 falfi1l these requiremsnts more adequately
than other radiosotive materisls. Therefore we chose this substence in our
studles on the svaluation of lontophoresis in tumer tharapy.

Briefly we will mummerige soms literature yeports indieating the
employment of radicactive colloids in their experimental procedurss. Sheppard
ot al (1947) found when collcoidal sols of manganess dioxids and gold were ade
minigtered intravencusly in buman deings and dogs there wexe variations in
between liver and spleen Tegerding their content of redicsctivity. In spite of
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such variations he found, however, the pisture was consistent in that liver and
spleen are roughly squivalent in consentration ia radicsstivity and out~
standingly Bigh compared to other tissuss. They utilized both X0 mimute and
24 hour samples, after intredustion of the radicisctopes. DNertrand et al (1548)
traced the distribubion of radioagtive gold thiosulfate in the various tissues
of the rat, taken 2 %o 5 days after injection. They found that the kidney,
spisen and liver seemed to have &he greatest concentration of this material.

- 1In rabbits a similar distribution pattern was found 17 days afier injection.
Goldis ot al (1980} withdrew specimens of peritonsal fluld fram tumor bearing
nios of three conssoutive days following treatment with radiosctive gold hy
intraperitonsal injestion. Stainsd smears from these specimens revealed the
absenos of tumor cells or eytologioal abmormalities therein, in gold treated
mnios, while in the controls the tumer cells were mmmercug and showed a high
proportion of mitoses. Thus he described the complete destrustion of Lree
tumor cells in the peritoneal cavity of the nice as & selestive radio.thers-
pautic sffect of radicactive colloidal gold. fhemuan et al {1950) in the experd
montal applicstion of radicactive solleidal gold by infiltrating it around thw
odaes of a pelvic cancer, found very little mebilization of the material from
the injected local sits. Most of the radioactive gold remaing in the local
tigsue, with the spleen and liver picking up slight amounts of it in the rabbit
The authors used the radicactive gold as an iantersiitial therapy mesthod, in the
treatoent of wmtmﬁﬁ syuanous osll carcinoma in mice. It wes found that
these fumors oould be safely and completely cured, with high survlyml rates,
ueing this therapy. Devg (1951) demonstrated the presence of colloidal Fedlo-




<23
sotive gold in various tiseues of the dog; suoh $issues were taken 2.7 days
after intravenous, intrsperitonsal, sad intra-arterial injection. The gold was
found most concentrated in the liver and spleen with all of these admintetratiop
routes. In the human intrawsncus injection resulted in gimilar distribusion
patterns. Hahn ot al (1951) carried out intraperitonssl injections of from
0.1 $0 0.75 mo. of radioaotive sollotdal gold into mice 3 er 4 days after
inoculation with levkemic oells snd found that this iTeatment increased the
1ife span by 7.5 %o 58.5 per cest uver that of uatreated comtrols. Whseler et
al (1951) injeoted fourteen dogs intravencusly with 1 me/kg. of colleidal Anl98
4All of the degs Mnﬁﬂnﬂmm ,iuymto couns, but only one was |
thrown into marked lecopenis. In 12 out of 14 dogs the medimentation rate in-
oreased following the treatments, alihough this response was Dot as olesy out
as the decrease in white count. Hemoglobin and hematocrit decreased in & slow
and progreseive manner over a pericd of several weaks. Liver-funotion Sests
falled to show any maviked degres of hepatie impairment. Walton et al (1953)
stated that the valus of intracavitary irradiation using 7adiolisotopes as a
curative method could not be asssssed until a much larger series of cases wers
under observation. FHowewer, on the basis of this report it appears that cone
ventional radio-therspy, either aloms or in combinaticn, has strong potentisl
possibilitios in use as & therapeutic meamure againgt tumors. Wheeler st al
{1982) noted that in injection teshuiques of tumors, using radicsstive gold,
the size of the tumor and the rnumber of squivalent roentgens to be delivered to
1% will decids the volume of each injection. He dsfined the equivalent roantgey
ae that amount of beta radisdion which under squivalent conditions released in
one gram of alr as much energy as ons roentgen of gamma rays. He suggested
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that the volume of fluld injeoted should approsch the maximum,

In brief recapitulation of the genoral program of this subjest, it is

the purpose of the present report to encompass experiments on the following:

1. %o vary factors mh‘ as pH, lonie strangth, current strength, duration
of fontophoresis, sise of the slectrode, concentration of the mdet
and plysical stats of the substence ussd in an sffort to observe the
effect of these conditions on the intredustion of a particuler ﬂb-
siance by lentophoresis. ) 4

3. T make a detailed compsrison betwsen suboutaneous, intraperitoneal,
indrampoular, intravesous injections, and iontophoresis, by & tissue |
digtridution study comparing their patterns of tissue Alstribution.

3. To introfuce ralicsstive gold by iontophoresis in a study of the
possible usefalness of this tedhmique on sub-surface tumors.
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wxammmmm

mﬂ mrm alm rats of the Wmm'ammm
in this study. Ths aniwals nxﬂ £ad Parina Fox Chow supplemented by vegzetal
mam:shmtutlmtmam 'nanwwumot the mumm
tween 150 and 300 grams, with the exception of ome small group where 75 gram
ruta were vend. Routine stock guinse pigs and radbits were also used “h a
1mﬁé. mnt in Ma rosoareh. _ . _

msammm angsthesis was used for all experiments. It was pre-
mwmagmwczmmzmmwm digsolving it in 100
milliliters of distilled weler. The dosage renge for the rat was thirty %o
Tifty nilligrams of pentodarbital per kilogram, intyaperitonesily. For the
guinea pigs, fifteen nilligrems of pentobarbital per kilogram, intraperi-
toneally, was used. In radbbits 20 milligrams per kilogrem intraperitoneally
was employed.

The iontophoresis apparatus consisted of a Golssth Figsell Constant
Carvent (enerator, as the current source. The electrodes consisted of platinuy
wire terminals bound mm a piece of moistened cotton in contact with the
body surface of the rat. Platimm wire wae used, as it was thought that the
mg of dissociation of the metal inte the electrode fluid would de minimiged
by this typs of material. Jor conveniense, the ®driving ﬁ:lmm&t)‘ﬂ; the
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electrode wheve the mmterial to Be introduced was placed, was attadhed teo the
front left foot of the rat. The freceiving eleotrode®, the opposite pole, m#
attached to the rear right foot of the mait, approximately twenty centimaters
fyom the driving elsotrods, point of application of the material under study.
The cotton of the Wrecelving elestrode was moistensd in all cases. The
experimental srrangement for fontephoresis in the rat is $llustrated in ?igm'o
1. Ia mogt experiments, the #driving slecirode® and the weasiving u&w!m&*
each represented an aves of approximately six square mtmtara- A pm of
glags tubing was slipped over ¥he electrode area on the left xwp%z amm and
soaled with paraffin at its inneymost end. This served fo prevent axy super-
ficial contanination of the aa:;amn% tissues when the active material was
applied. sppropriste agusous solutiong of the materiale %o s used were care-
fully applied %o the cotton through the open end of the tubs. The same
gonsral sel-up was employed with iontophoresis experiments in the guinea ngs
Iz goneral, thres rats were employed for each experimentsl series.




ZIGURE 1. CONVENTIONAL ARRANQEMEN®
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Tontophoresis sxpsriments in Xmbbits were made using cup shaped
oloctrodes. Those wary made out of small alumimim planchets (3.5 on./dlameter)
with a platinum wire seldersd o its bottem. Cotton pads weXe inseried inte
the cavities of the planchets, and were in ocontact with the body murface. A
small hole was also pumched into the bottom of the planchet so that the materiq
to be imtrodnced by electrophovesis could be added directly through this aper-
ture after the ele¢irodes had been placed on a desived site. The electrodes
were hald at the deaired site by a paraffin seal. In the yabbit, one eleo-
trode was placed over the chest avea (¥ériving slectrode®) and the *resceiving®
elsctrods wae placed over the lowmy abdominal area,

The eup shaped electrodes were aleo mplonfl for tumor studies. In
sons axperiments the mm- were plased on opposite sides of the tumor and
in others only one slestrode was placed over the fumer and the other placed
over an indifferent area, ummlly over the chest region. One type of place-
ment is illugirated in Pigure 2. In the tumor bearing rats, after iontophore-
sis, the tumor tlssue was divided into three sections: the avea nearest ile
Fdriving elsctrode®, the portion nearest the "receiving elestrods®, and the
niddle smection.
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Porty-eight hours before each axperiment, the hair was removed from
the electrode sites, by a depilatory formula containing barimm sulfide, deter-
gent, and hydro-alcoholis solution, devised for use in laboratory animals,
Pitesky and Lust (1948). %he depilatory formula was prepared by triturating
two-thirds by weight of purified yellow barium sulfide powdsr with one-third
by weight of a mwm dotergant. We used "Cheer® (Progter and Geabls) and
*riden (Procter snd fimbls) in ocur experiments. Twenty-five grams of the
depilatory mixture wers mixzed with 50 milliliters of a 10 per cent glycerine-
in-water golution undil & emooth creamy suspension was obtained. The area %
be treated was thoroughly wetted down with water. The depilatory was then
applisd with a woodsn btongus-depressor blads and gently worked into the halr.
then the halir had besn completely vemcved, the area was rinsed off with a
copious amount of water to mm complete removal of any sulfide residus. A
period of forty-eight hours was allowed to elzpse detwesn removal of the hair
aad the lentophovesis, so0 as %0 minimige the poesidility of ekin irritation
contributing to $the facility with which the material penetrated the tissuve
during iontophoresis. However, thers did not appear to be any significsnt
irritation (as shown by reddening of the skin) immediately after vemoval of the
hair by the depilatory. Thig type of hair removal was found to Le superior %o
shaving or clipping, as it removes hair move complstely, is more rapid, and
produces ninlmm trauma.




BUESPARCES USED m' IONPOPECEESIE

ma;a»uamﬁm wers obtained from the Oak Ridge National Labora]
tory or from Abbott Iahgntw&u. T™he original m&imﬂm imotopes were in
solution. In all ingtenocss, a 0.1 milliliter aliquot of the supplierts origli-
nal eclution was diluted to 100 milliliters with distilled water and radio-
activity counts wers taien on this diluted sample. This vas used as an index
for dstermining how mmch radiesctivity (comnts/mimube) was srplied at the
rdriving electrodst. The quantity of radicactivity {counts/minute) @pzm at
the #driving elecirods® was used 2s a basis for a&whtm the per cent upisid
of ths material bty the snimal. In general, an aliguot tmn m 1210@ dlution
of the mmm {as received from our supplisrs) was smployed a.t the *driving
alom&ﬁ sﬂu. or for the selsctad injsction proosdures.
(a) p22 |

Radioactive phosphorus was rwceived in the chemical form of a phos-
phate in wesk HCL. It had a spscifis astivity of 0.025 mg. P/me. P32. e
fluid dilution af}thia meterial resulted in appmximtm 35 - 60 microouries
in two milliliters of éiutim water at a pH of 5.0.. m: amouat was uwl:
at the *driving electrode®, the cathods, in the maaner already dnarim wisy
ths concentration studies, lesser amounts of radicactivity were employed.

(b) gut®
Badioastive calcium was received in the chemloal form of (ell, in
weak BOL with a specific asotivity of 11.65 mo./gm. Ca. Jpproximstely 38O
microguries of Ca#6 in two milliliters of distilled water at a pE of 4.0 was
placed on the fdriving elsctrods®, the anode, in the mamer alrsady deseribed.




JApproximately 100 mierocuriss of labelled dllodofluvorescein in the
form of godium sald, im two milliliters of aguesous solution at pH 7.9 were
placed on the *&riving elsctrode?, the catheds, in the manner already described.
The specifio activity was not sbated on the invoice slips arriving with thiy
radioactive material from our supplier, and subsequent investigation wae not
successful in abtempting to find shat it was.

(a) 1131 lahelled ‘

Approxiuately 200 misrocuries of labelled albumen fn two milliliters
of aqueous solution at p 7.0 were placed at the *driving elsctrode®, the
cathode, in the manner already dsscrided. The particle sise of a molsculs of
albumen, as caloulated by this anthor (from the data of West et al, (1951) was
approximately 0.0275 microns. 1% was mot possible to find the specific activity
of labelled albumen from the information supplied.

pproximately 234 miarocuriss of Anl98 in ¢he oolloidal fomm in two
milliliters of an agueous solution at pX 4.0 were plaged at the "driving slso~
trode®, the anode, i the mamer alvesdy described. The particls eize of a
molegule of colloidal sw'9%, au indicated in the broohure from our swprlier,
was approxinstely 0.003 microns. Again, it was not possible %o find the wpe-
cifie activity of this material from the information supplied.

SAMPINS FOR RADIOACTIVITY MEASURBMENT
e radicsctivity of all of the samples was measured in the ltgquid
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state, employing ths method deseribed by Priedman and Hume (1950). Rach of
the test samples was moasured by eonnting the treated sample with an unghielded
end window Jeiger Rusller tube and sutossaler combination. IThe window thick-
ness of the eiger Musller Counter tube that we employed was 2.2 mg./em®. A
comparison sample, which represented a suitadle aliquot of the original radio-
active solution was nsed ae the standard. This elinminated the need for eal.
culation of radiosctive dscay.

After the iontophorwsis application, & series of ssaples were taken
from the animal for assay for radicactivity. BSuch samples were usually $aken
from the blood, magols below the “driving electrods® avea, kidney, liver, in-
different thigh mmacle, indiffevent thigh bone, and uwrine. In oertain cases,
splaen gemples were alsc tslen. The various samples teken weighed from 0.3 to
0.9 grams, depsnding on tha particular tissus. The blood of ths animals was
taken by cardise punciure, ene milliliter of blood being oollected sach time.
In the experiments where P32, 0a%S, and Aul%0 were used, five miliiliters of
10K sulfuric acid were added to the various weighed tissue samples for diges-
tion purroses. Gontls heat was spplied until complete solution was cbiained.
The samples whys then decolorized with a smell pertion of thirty per cent
hydrogen peroxids, so as to ilnmre homogensity of the final selution. ZEach
saapla was &iluted to ten miliiliters in & volumetric flask. A one milliliter
aliguot from this dilution was taloen, placed in a poreslain capsuls of four
centineters dlameter, and radicsctivity counts were taken. The nusber of
counts was generslly arcund 35 times that of the background. vhen dilodefluo-
rescein labelled I3l and albvmen labelled 1131 were used, the semples were
L_treated as described, except thirty per cent potsssium hydroxids was subeti~
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tuted as the dlgesting agent in place of galfuric acld.

mmmzm MATERIALS USED I¥ IONTOPHORESIS

M a!.ti"mm maﬁmﬁem of tryehum m!uh ware m& in
the Mntoyhnmti; swimtwn 6.5 w cent solution, & 1.0 per gent nznw
“ton, and & 3.0 per cent mlmian. The fizal stm&im solution mmg s
total ionie ﬁﬂaclh at @-& vi‘kh #hl use of mz?% in m three wmthm.
The pH was 5.0 per cant in m solution also. fTwo muzmru mt %ha 3010~
tion were spplisd $o the *driving alectrodes, ﬁm anods, with all cmrimtn.
Pive nilliamperes of current for one hour was applied im all cases, as the
period of applieation of fontophoresis,

An immmlin solution was prepared by taking Inewlinm snd diluting 1t
to such wolums so that the solubion contained 30 wnits of ingulin per milliw
liter. This issulin solution was brought to the acid side of the isosleckrie
point of insulin with HEL so that he final solution was at a pH of 3.0. Tyo
zi11iliteras, or 60 units of this solution were applied at the anods (positive

pole). Five milliaswperes of curreat for ons hour was used in all sxperiments
with this material.

The size of the insulin molecule was estimated to be in the order of
0.0085 microns, according to Wst ot al (1951). '

1. PHYSICAL OEEMIOAL STUDIZS
Eadloactive phogpborus was used in the stndy of physical chemisal




tactors. The following six factors were varied; pH, lonis strength, eurrent
strongih, duration of ilontophoreasis, elscirods size, and concentration. wWhen
any one Yastor was varied, ihe other five factors wers maintained as constantly
as poesidble. Also, &s another physical factor, physical state was employed as
another variable. | . |

ment were applisd $o the eleotrodes coming from the Golseth Fizzell Constant
Current Oenerator and the voltage Yesordsd., In all experiments, with the
expeption of current density variation, the voltage recordsd was an spproxi-
mately gonstant wvalue.

2.

"

Yoltage was nmeawured by s Simpson voltmeter. The lsads of the insé

e pH of the solubion used at the ddriving electrode® site
was varied by the use of various buffer solutions. JFor a pH of 2.9
the XEPhthalate-XOL huffer was employed. At a pH of 7.1 a NanRPOg~
BalLP0, buffer was employed. Tinslly, at a pE of 10.1 & EyM0x-KGl-
¥aH buffer was used. pE measuremants of these &ifferent solubions
wax sccomplished by a Beckman pH meter. The lonie strength in the
three Yuffer solutions was approximately O.l.

The fonic strength of ths "driving electrode® fluid was
varied ty adding NeE S0, to the appropriate dilution of the radio-
active solution. %The lonic strengih of the original diluted solut!
was aseumed to be less than 0.00L1. JToniec sivengths of 0.17, :..aa.j

2,00 wore aleo used during this phage of 3w ifontophoresis study.
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Yor t;;.l,_g study, the lontophoresis curremt was applisd at
three strengths-~seven and ona~half milliampavel, five milliamperes,
and two and ens-half milliamperves. The other variable factors were
mntralloﬁ} by using, in each case, the same Ailution of steck radio.
active h;%pa uqlntim at the Mriving electrods®.

lontophoresis was applisd for selected increments of $imeww
15 ninuteq, 30 mimutes, and one hour. |

Yarious conssntrations of the radionctive phosphorus wers
used during controlled iontophoresis. I% was arranged so that an
aliguot of the same Allubion of the P32 golution was used for all con-
centration expsriments. This wos done by oarrying out esch experiment
sfter an appropriste deesy pericd. Tms the composition of P32 wag
altersd without sigaificantly changing the cheuical compogition and

loriio strength of the golution. Rour decrsments of concentration
wers useds-~~4, 800,000, 1,020,000, 468,100, and 102,400 ccunts per
ninute.

In another sxperiment, atiempis were made to introduce Yy
iontophoresis three increments of concentration of strychnine sulfate-
-;a. 0.8 per cent solution, a 1.0 per cent solution, and a 2.0 per oent
solution. Two erileriaz were used in comparing the physiological re-

sponses produced by the various concentrations of steychmine sulfate.
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IRJEOTION - IONPOPHORESIS

pn the one hand, and intramgcular, ssbheuntansouns, intraperitonsal, and iatre-
enous injections on the other, was carried out with the uss of P32, |
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The latent period, the time fyom the beginning of the sxpsriment until
the initial appearance of typieal generalized stryelnine cotwalgions,
and the survivel or death of the animal after the experiment.
ELECTROIE SIZE MEARUHEMENTS

. Thowe different sizes of eleotrodes wers employed to study
the effect of $his variable on iontophoresis. They were 4.69 en,
8.25 em2, and 9.38 aw® at the driving electrods site. The oconven
tional "driving eleotrode® used in all other sxperiments measured
approximately 6.00 om.
PHYSICAL STATE

Attempts ware mads to introduce by iontophoresis colloidal
43198, 7131 15belled albumen, and IMmeulin (I1letin-Lilly) so as to
glve ua an index of the amount of these colloidal materials introduced
m«a_ the »at as compared to ths naweua&m naterials which we used
previonsly.

In the ocase of Insulin, it was 2ot %agaed with any radio-
active alement. To datermine the trsuafer of insulin, if any, we used
as our oriteria the fall in blood glucoss values. XElood samples were
taken from the Tat by cavdiss puacture before and after the amperimentd
Hlood glucose was datermined according to the method of Boffnan (1937).

A comparigon of the uptake by varicus tissues between lontophoresis,
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spproximately ons %0 feur microcuries wers used with the injectiony as compared
to forty microcuries with fontophoresis. An sttempt was mads $0 approximate
the uptske pattern of tissus distribution of iontophoresis by injestion tech.
niguss, using various concentrations of radiosctive phosphorus solutions. We
feol this would give us a rough estimaty of the amount of mtcrm fmtw&um |
into the body of the rat By lontophoresis. Aleo a comparison of the uptake
pa.iztﬁrn of radicastive phogphorus by various tissues of the mﬁ, snzm rig,
and rabbis was made, using approximately forty microcuries of P32, applied at
the "driving elsctrode® gite, the anocde.

with 0a%5, iomtophoresis was compared to subsutansous injection onlyd
Approximately thirty.five microcuries of radiosetiye caloium were used in the
subcutaneous injeetion as compered to 880 microcuries in lontophorasis.

A comparisom of the wpbtake Ly various tissues using lontophoresis
and suboutanecus injection wes wmidertslen with the use of labelled diledofluno-
rescein, tagged with 1131, spproxtmately $en microcuries were administered by
sbcutaneous injestion as compazed to 100 mierocuries by iontophoresis.

dprroximately Shirtp-five and soventesn mierocuries of 4n*%° were
adminigtered suboubareously to the rat% in a series of experiments, and the
body distribution was meamred by the procedures already mentioned. About 234
microcuriss of colloidal Mnl98 were administered by lontophoresis.

I1I., TUMOR STUDIES
1. SOURCE
The tumor from which this strain arose wae first found by
Dr. Georges Walker of Baltimorve, Maryland, in 1928 snd was carried $o
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the present by susosssive trausplantation 1n Fats. s originel
souros of s material which we used here was obbainsd from r.
Frederick Benjemin, Department of (linieal Physioloegy, University of
I1linolse. |
METHOD OF TUMOR TRANSPLANTI

Tosoy transpiants were m from an aseptic saline emlsion
of finely crushed 1013 day o0ld tumor tissus, dilubed up to a volume
of 10 milliliters scoording to the method of Talalay et al (1952).
Transplants were mads 12 0.3 mi1liliters doses injeoted subcutanso L
inte the ingainal region of the yab. It was moted that 1% was not
until guwmmammtmtmw tumor becams
readily paipsdle. From the time 1t first made its appearsscs (approz-
nating the sise of o pea) the tumor grew with such rapldity that one
waek after first becoming palpable 1% approximeted the size of a mmall
lime. |
TONPCOPHORESIS WITH TUMORS

The size of the twuors used generslly depended on the partif
cular typs of experinent that was to be performed. In most of our
axperinents on tumors we employed the use of two electrodes on Oppo~
site sides of the tumor growith. However, in a m other experimente
we used only ons electrods over the tumor growth and the other mp&ia&
to an indifferent area of the body, uswally over ths cheet region a!‘
the rat. The first category will be desigvated as “&wh}.a Mméa
$umor experiments” and the latter as Wsingle slectrods tumor experi.
menta. |
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Losal digtribution inte the tumor as well as systemie dﬁ.z‘m

bution (obtained by taking various tissue samples of tiseues from the
rat) wore determined after employing $wo lontophoresis procesdures as
dsgeribed shove, using PS° and sui%8,
(=) DOUELY NLECYROI® TUMOR EXFERIMENTS
ipproxinately 234 miorocuriss of Aui%® and epproxinately
36 mieroguries of P°Z were employsd in lontophoresis with the Walker
rat tumor. The tumors used were generally of lavse sise, 3o that
one could establish, by serial radioactivity smeagurements, the depth
of penetration of the material used in mﬁphm;ii in the various
sections of the tumoy. The tumor vas divided w into three sections
(1) the avea mear the Mariving etrodet, (2) the area adjacent to
the indifferent electrode, and (3) the middle area of the tumor.
Thees three tiseue mxmmpmmiwwmmmm
fashion as we have slready indicated for all tiswve studies.
() SINGLE KLECTRODE TUMOR BXPERIMENTS
| Zxperiments wers performed with 4nl%% and P3° en small
tumors where only the active slscirods was placed over the Yumor

ares. JSprroximately the same concentration of radicactivity was usefl

a5 in the prayious case whevs double slectrodes were both placed on
the twsor. ‘
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RESULTS

I. PHEYSICAL CHBMICAL STUDIRS
1. 38
In Plgure 3 the per cent upizke of P32 per gram of tiseue by the
varioug tissmesg is indicated for the three ranges in pH--2.2, 6.8, and 10.0.
In Table Il thege resulis are sumsarized. Approximately 4,642,000 counts per
minnte in two milliliters of solution were used at the sppropriate driving
slectrode. |

In Figure 4 the per cent uptake of PP per gram of tissus by the
varions tissues iz listed after four variations in isnic streagth - 0.00%,
0.17, 1.02 and 2.00. The resulis of thisg experiment are summarized in Tabls
II1. A concentration of 4,700,000 counts per mimute in two milliliters of
solubion was applisd at the appropriate driving electroda.

In Pgure B the per cent uptdke of the P33 per gram of tissus by the
various tissues end samples is indloated for the three increments of current
strength that have besn smployede-2.5 milliamperes, § nilliamperes, and
7.5 milliamperes. The Yesults are sumsarized in Teble IV. With this study
the initial count was found to be 4,800,000 eounts par mimute for the two
milliliters of solution as applied tgﬂ the approrriate ériving electrods.




In Fgure 6 the per cent uptalce of P32 per granm of tigsvs by the
mzin; tissuss s indicated after three differeat time intervals of tonte-
pm;ms»-sa minutes, 20 mimibes, and 15 mimutes. The results are tabulated
in the same manner as with the studles fnvolved in current demsity in Teble V.
The amcunt of radicactive phosphorus applied at the appropriate driving eleo-
trode was approximately 4,468,000 counts per m&mﬁ in & volume of two milli-
liters of solution.

In Pigure 7 the per cent wptake of P22 per gram of tissue ty the
various tissuss is indicated after varying the electrode size--4.69 on2,

6.25 om?, and 9.38 cm®. Thepe resulis ave summarized in Table VI. Approxi-
mately 4,500,000 counbs per mimute wers applied at the spprepriate driving
slectrode.

In Plgwes 8 and 9, the gounts per minute uptake per gram of tiswue
of the P32 by the various Sissues ie indicated after four variations in con-
centration--4,800,000, 1,020,000, 488,100, snd 102,400 ms per minute
applisd at the sppropriate driving slectrods., 7The results are gummarized in
Tabdle VII.

fable YIIT liats the resulis of the experiments where strychnine
sulfabe lontophoresis was suployed, using thres variations im concentration--
0.5, 1.04 and 2.09. Rats were the experimental animals used.

7. Physical gtate
In Figare 10 the per cent wphake of colloidal 4198 and 131 1aberled)
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sllumen per gram of tiseue by the various tissuse is indicated. Loproxismately
4,766,000 counts per mimite of oolloidal Aul98 and 4,724,000 counts per mimute
of labelled allunen were applied at the appropriate driving elsatrods. Thess
results are gumariged in Table IX.

In another series of experiments, sprroximately £0 units of Insulin
(Ile4in-L1lly) were applisd at the sprropriste driving elestrods. fThe
results of the ingulin iomtopheresis experimexts are listed in Table X
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PISSUE DISTRIBUTION OF P32 IN THE RAZ

WITH VARIATION IN pH

4,m,¢m alxm. APPLIED 0 TRIVING RLECTROIR

RRENYT FOR ONE HOUR

TISSUES

B R xé'“‘ —SE 0.0
e/uI¥, ¢ uUPPAXE n/m. 4 UPTAXE o/MIN. % UPTAXR
PER GRAN mm PER GRAM PER ORAM FER GRAM PER GRAM

Driving Hlectrode

Urine

Hood

Liwer

Kidmey

Indifferent Muscle

Indifferent Bons

45,090 e.m 47,787  1.0293 ﬁ.m 0.8278
10,8607 0.206% 11,8V 0.2456 6 0.1674
587  0.0126 607 0.01%0 287 0.0088
1030 O.032 1487 0.0333 1137 0.0245
1747  0.0376 A8y 0.0471 1020 0.0219
2327 0.0048 347 0.0083 177 0.0038

ovs  o.0280 177  0.0384 637 0.0138

Library |
Stritch School of Medicing
~ Loyola University
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TABLZ YIX
TISSE PISERINGELON OF pae m@m
= 2,00
o/MIN, UPTAXE*

mmmmmeu.mnmmmmmmmmm

Driving Rleotrode w.m 0.92 32,333 0.69 28,290 0.60 3.9.1,37 0.41

Urine 9382 0.20 9812 0.21 8335 0.18 6832 0.b
Hood 523 ‘0-61 | 460 0.01 450 | é.@i | m‘ 0.01
Liver 1840 0.04 1260 0.02 943 0.03 " 845 ‘0.0‘3
Kidney | 207 0.04 | 1900 0.04 1196 0.03 947 0.03

Indifferent luscle 248 0.01 b £ S N igs  0.01 7% 001

Indifferent Done 1328 0.08 1273 0.03 840 0.03 273 0.0

* Per cont upteke per gram of tissue




TISSUE DISTRIBUTION or p32 Iy THE RAT

PARLE IV

WITH VARIATION IN CURRENT IENSITY

4,800,000 o/MIN. APPLIED PO DRIVING ELECTROIE FOR ONE HOUR

3.’6 AR T

TYSSUES 3}5;?" s ‘ n’i‘%ﬁ H 71‘ mm of/MIN. % UPTAER

PER GRAM PER GRAM PXR GRAM PER GRAM FER GRAM PER GRAM
mvmg Fleotrods 51,480 o 45,158 a.ad. 'zs.safz‘ 0.49
Urine 17,56 0.37 ,s.s&é 0.9 3563  0.07
Klood 980  0.02 803 0.0L 01 0.00
Liver 2043  0.08 3020  0.08 1877 0.04
Kidney 3700  0.08 3 0.07 2060  0.04
Indifferent Muscle 236 0.0} 36 0.01 100 0.0
Indifforent Bone 2700 0.08 2081  0.06 1533 0.03




L
TABLE ¥
wrssmn ms&mmea or P52 1§ mHE RAT
VARTATION IN DURATION
4,465,000 ¢/¥IN, APPLIED PO IRIVING YLECTRODE
FIVE MILLIAMPERES OF CURKENT STRENDFE
15 umss

PISSURS o/ MYN. ﬁ UPTAKE efum. , OPLAXE of/MIN. % UPTAXE
PER GRAM PEE GRAM PER GRAM PER ORAM FER GRAM PER GRAM

Driving Hectrode sa.m. 1.47 22,047 0.49 13,688 0.3

Urine 11,549  0.36 4ne 010 2706 0.06
Rlood s o0 M 0.0 28 0.0
Liver 0.04 1820 0.04 5835 0.0
Xidoey 1460  0.03 MN63  0.08 913  0.02
Indifferent Tissue 650  0.02 68 0.01 213  C.01

Indifferent Bone 2880 0.08 1683 0.04 488 o.01
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TARLE VI
TISSUS DIBTRIBUTION OF P32 Iy THR RAT
WITH VARIATIOR 1N ELBOTROI® SIze
4,500,000 o/ MIF, APPLIED TO DRIVING BLECTROIR
FIVE NILLIAMPERES OF CUERENT STRENOTH FOR ONE HOUR
T §.35 eme 8.5 ame 4.685 eme
IS SURS a/um 4 UPTARE o/MIN. $ UPPARE o/MIN. 4 UPTAXE
PER GHAN PER GRAM PER GRAM PER GRAM FER GRAM FER GRAN
Iriving Elsctrode m.oa? 1.18 44,760 0.99 44,043 0.98
Urine 11,832 0.28 11,907 0.28 12,748  0.28
Hlood 1083  0.02 1007 0.02 1000  0.02
Liver 3857  0.09 3570 0.08 3640  0.08
Kidony 4388  0.10 3997 0.09 4112 0.09
Indifforent Muscle 337 0.01 340 0.01 3/3  0.01
0.10 4283 0.09 4537  0.10

Indifferent Bone 4383




TARLE VIX

TISSUR DISTRIBUIION OF P33 IN 7HZ RAT
WITH VARIATION 1N CONCENWY :

am m,mo%qmm ma.aoymm-

3
o/MIN. UPTARE ofMIN. mam of MEN.UPTARE ofMIN. UPTAKS
PER GM. PER @M. PER GM. PER GM.PER GLPER GM.PER GM.PER Gil.

TISSUR

i‘?.&m )

451

m‘mng m‘.wmaa as.:.s:a | 0.94 1;?3 20,517 s ‘Ms |
Urine 9,693 0.20 5440 0.53 818 0.18 184 0.18
Hlood @5 0.01 a8 0.08 293 0.08 70 0.07
Liver 020 0.08 460 0.0B 3738 0.08 €3 0.08
Eidney 3338 0.07 850 0.08 453 0.)0 7 0.07
Indifferent Tiscue 315 0.01 108 0.0% 37 0.0 10 o.01
indifferent Bone 2851 0.08 308 0.03 240 0.08 52 0.08




TABLE VIII

IONTOPHORESIS WITH STRYCHNINE SULVATE
VARIATION IN CONCENTRATION
?I?E KILLIAMPERES OF CURRENT STRENGPH FOR ORE HOUR

AXTHALS
(Rate)

BESULTS

4 2.0% 4 animals dled
Oneet of convulgions
in 14 ninutes

4 1.0% 1 snimal died
3 animals survived
Oneet of convulsions
in 17 minutes

4 0.5¢ 4 animals survived
Onset of convulslions
in 27 ninutes




TABLE IX

TONTOPHORERIS WITH RADIGACTIVE COLLOIDS ;
FIVE MILLIAMPERES OF CUNHRRET STEERGTH FOR ONE HOUR

58,

anm LR

ﬁsm Jn’:@?’ﬁ% e mﬁ uggia
FER GRAX FER GRAX PIR GRAM PER GRAM |

Driving Klectreds N  0.1678 210 0447
Urine 1 o.000 37 .00
Hood | 13 0.0003 133 +0029
Tiver m o000 177 0028
Xidney 85  0.0008 193 «0040
Spleen a8 0.0008 - -
Indifferent Muacle 10 0.0002 96 +0020
Indifferent Bone 286 0.0008 159 <0034

* Yalues less than 0.01 ave considsred not significant.




TARIE X

JONTCPEORESIS BXPRRIMENTS WITH INSULIN
USING 60 UNITS - APPLIED AT YHE DRIVING ELRCTRODE
FIVE MILLIAMPERES OF QURNEWT STHENGTH FOR ONE HOUR

ANTHAL BLOOD awcam BLOOD GLUCOSE
m mﬁ-‘» PHORES AFTER IORTOPHORESIS
MILLIGRAME PER CENT
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II. IONTOPHORESIS - IRJECTION COMPARISON STUDIES

A comparigon was made regarding tissue uptake with radicactive phoe-
phorus in the rat by iontophoresis on the one hand, and on the other by sub-
cutaneous, intramiseular, intrsperitoneal, and intravemous injections.

With iontophoresis 4,026,000 counts per mimute were applied to the
driving eleotrode and the process carried out under routine conditions already
disoussed. TVarious tissve:ssnples wers taken and prepared for counting as
montioned previously, at the end of the experiment, whish was one hour of
duration in all of our studies. |

Radioactive phosphorus was infiltrated suboutamsously around the
front left log in & series of rats in total comcentrations of 341,330,
238,732, 204,700, 203,670, and 90,000 counts per ninuts. The resulting tissue
digtributions are listed in Table XI. Intramuscular injeotion using 208,269
counts peor mimite was smployed also in the rat in the same ares, but the
material was infiltrated into the musele. Intraperitonsal injection using
299,706 counts per minute of P32 and intravenous injestion using 204,800
aounte per mimute of P32 wag employed in 2 series of rats. In sll of the in-
Jection studies the rats were sasrificed one hour after the administration of
the radio-isotopes, and various tigeue semples taken and digested as in the
previcus cases whers P53 had besn employed. A comparigon of the wmptake of P32
by ths tizsues from thess various modes of administration of the radio-isotope
is listed in Table XII and is illustrated in Figerve 1ll.

Using 131 1abelled diicdoflucrescein, eomparison studies were also
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made betwesn the counts per mimute uptske by the tissuss after iontophoresis
with 3,060,000 counts per mimmte of radioactive material and subcutanecus in~
Jection of 304,200 counts per mimute. After ons hour the animals were smori-
ficed in both easss, and tissus samples taken and prepamed for counting as has
been discussed previcusly. The results of thess experiments are listed in
Table XIII, and are illustrated in Figurs 12.

A comparison study regarding the counts per mimte uptsice by the
tissuss was made between iomtophoresis and suboutanecus injection with ¢ad,
In ilontophoresis 1,080,000 counte per mimte were used, and with guboutansoug
injesction 100,800 counts per minute were smployed. The animal was sacrificed
after one hour, the duratlon of the experiment in both instances, and $issue
samples taken and prepared for counting in the manner that bas already been
discussed. The resulis of these sxperiments are sumarized in Table XIII, and
are illustrated in Figure 13,

A couperison in rempeet to the counts per minube uptake per gram of
tismae by warious tissvas wag nade hkmn fontophoresis and mhmmom
injection with eolloidal radioactive M. Tontophoresis was employed wi.ﬂi
Wmtm\&,m, 000 counts per mimute of Aul98, while saboutanecus m-
Jection was attempted with 819,200 counts per mimute and aaw.m counss per
mimate, respectively. After one hour in each the rat was sacrificed, tissue
sanples ftalken and prepared as in m previous cases with m&mm £018.
The results ave listed in Table XIV.

Finally, species variation studies using rats, rabbits and guinea
pigs were employed, using lontophoresis with P32, With rats 4,642,000 counte
per mimﬁa ware employed, with guinea plgs 4,214,000 counts per minute were usl,
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and for rabbits 4,048,000 counts par ninute were utilized. Varicus tissue
saxples wers taken and prepared for counting in the nmanner already &wx&bﬂ
for P32, In Table m the comparative i&mlh ave swmarized detwesn ionto-
phoresis in the rat, vabbit, and guines pig. Alw, in Pigure 14, Shess
resulte ave 1llusiraded.
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SUBCUTANEOUS xmamm: STUDIES
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COMPARISON OF JONTOPHORRSIS WITH SUBOUTAMEOUS INJEOS
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SPECINS VARIATION USING ICETOPRORESIS WITH p33
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III. ZUMCR STUDIES WITH JONTOPHORS

Approximately 3,834,000 counis per minmute of radieactive phosphorue
were applied to the éx.tvix;g eleatrode over the tumor with the indifferent
sleotrode placed over the chest area. Varicus tiseues, inoluding the tumor
tissus, were taken and prepared for evmting ss alveady dascribed. Thess
experinents were compared te others in which the same type of slectrods (cwp
sheped planchet) was employed, but in animals where there were no tumors
present. | The driving electrods was placed over the chest area and the indif.
Terent electrods was placed over the lowsr addeminal regien. Similar concen-
trations were used at the driving elsctrods—approximately 2,%20,000 counts pex
minute. After lontophorssis the tissues ware taken snd prepered for comnting
in the same manner as previongly. HThese remilis sare supmerised in Table XVI.

Approximately 4,986,000 counts per minuts of radiosctive colloidal
214 was used over the driving electrods in the tumor ares and iontophoresis
maintained for one hour. The twmor was taken and prepared for sounting in the
sams way as digouesed previously for colleidal 5398, sontrel axperinents
were also performed in whish the oup shaped planchet electrodes were employed,
but in animals nhere there wers no tumors present. These results are tabulat
in Puble XVII.

Approximately 3,487,000 counts per mimute of %2 wore spplied to the
driving electrode at one side of the tumor, using the cup shaped eleptrodes.
Aftsr the experiments, one hour in duration, the various sections of the tumoy
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wore taken and prepared for counting as has been mentioned previously for
radicactive phosphorus. The resulfing uptake by various sestions of the
tumor tismus is indloated in Pable WRIII.

0oll01481 4n%8 yith an spproximete comesntratien of 4,766,000 countel
pey minute was applied to the dﬂving slactrode. The sxperiment was carried
out for ons hour, tissue ssmples taken and prepared for wﬂuﬁm as mentioned
for the yadicactive gold previously. The resuliing uptake by warious sections
of the tumor ave wumarized in Table XIX. ‘
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TABIE ZVIX

ICRESIS IN TUMOR AND NON-TUMOR BATS USING Aul®8
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TARLE XXX

IONTOPHORESIS ACROSS TUMORS
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CHAPTER IV
DISCUSSION AND QONCLUSION

In our experiments shange in pH of the fluld at the driving eleatrodq
produced 1ittle significant effwet on the wptske of radiosctive phosphorus by
varicus Yissues. Fowever, there was a slightly lowered pensiration with a pX
of 10. $his could be dus %o some precipitation of the phosphate containing
P32, The preparation used was 1ikely to precipitate in the higher pE ranges,
above 7. We can conclude that wmidey the conditions of cur experiment pH 414
not sppeay te have a significant influence on the tmmotta!?"‘zbrm fon~
tophoredic procsss. In the case of ths protein solutlions that we employed at
the ariving slectrods for lontophoresis purposes, we used a pH which was far
removed from the isvelectris polnt of that protein. This was done to insure
that we would not get & so-oalled switierion effect, lsaving the protein as a
whols, elsctrical nesutral. In this stats, theoretioally, the protein substance
would not move asross s condueting medimm under the influence of sleciriesl
current. |

The lonic strength of a sirong electrolyte can be dsfined as the sum
of the soncentrations of each lon (in moles) maltiplied by the square of their
valences and divided by two. It ip divided by two if Doth positive and rega-
tive ions arve invelwed. In this seriss of experiments the concentration of
P® was kept constant, snd the 1ma;’:tmm af the mon-redicactive buffer
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inoveassd. This can be explained Yy considering that as the ionis stirength
of the Buffer 1s inoeased, the interionic attrasticn increases between the
taffer and the ion we wish to introdune. Sines the ion atwowphers has &
charge opposite %o the ion it will exsrt a retarding effect (Pdrag sffectt)
upon the motion of the fon that we wish to introfuce. This is the basis of
the Debye-Hookcsl Theory on the lonization of electrolytes.

The sxpeviments dealing with current Gensity demonetrated that with
an ingrease of current strength there was o greater introduction of the radio-
sotive phosphorus ia the waricous tissues. This can be explained partly on the
basis of ¥arsday's Law, which in essence states thai the amount of material
doposited ab either electrode is proportional to the quantily of slsotricity
which pasess through the system. Therefove, ons con vigualize that with a
greater curvent flow the amount of material which is deposited will be greater.
The amount of material driven into the tinmeues would not nsesssarily confornm
exmetly to the smount axpssted under Faraday's lev. In sddition to tue elec-
trical cell reaction, which Furaday's m exbraces, there is alse a vital
nerbraze phencaens operabing vhen tissuss sre iuvolved. Howeve#, it appears
on the haals of our experiments that the smount of material deposited in the
tissues M $he w& by iontephorssis is roughly proportionsl 7% the gquantity of
olectrictty $hat we spplisd, slthough this is not & direst linear relationship.|

When $he time of lontophoresis was varied there was a relationship
found bubween the length of time of lontophoresis and the total introduction of]
the radiosctive phosphorus into the warious tissuss of the rat. The lenger thel
Guration in time the comparatively greater was the wptekes. Since Faredayts
Taw im a function of time as well ag current strangth, varying the time of
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iontophoreaia would theorstically changs the wiw of smmma:m
passes through s system. We note, howsver, there was little signifiosnt
differenes between the liver, kidney, indiffarent muscle, and blood in the one
hour snd epms-half hour samples. It could be that the quantily of radioactive
phosphorus resshes its pesk in these tissuss in the one-half hour samples, and
that further iontophoresis results in its being turned over By blologieal
mechanimng about as fast as it wae introduced By iomtophovesis.

. With variations in the gize of the slagtrods, it was found that
there wag no apparest influence by this factor on the introduotion of the
radlonstive material uuder the econditions of this experiment. This might be
expscted, as the voltage was approximately constant during the course of the
experiment. With larger size slectrodes, using constant owrrent, it might be
possible %o get wlight variations in the uptake of a given material.

I% was found in cur experiments that the comcentration of P22 was
dscrenged there was lees oversll turnover of this material in #he warious
tissves, as far as counts per minunte were concerndd. mm L ) ﬁmwh
Lew thig 1n an usexpected result, if you congldesved only an elsctrical cell
reastion and cnly P53, In esesnce Faradsy proved thy the Sotal smownt of
material $ransported at either slectreds was indspendant of concentrabion Wit
dependsnt solely on the guantity of electrisity employsd. Howsver, with our
studies using lontophoresis wo are dealing with a nenbrane WM in
addition to the Faraday Law effact. In aﬁdiﬁem obher mw&mﬁw ions
were present. The botal tonic strength of the solution used at the driving
eleatrode was the same in each experiment. It would He well to point out the
m;:wmly nimite amounts of radiocactive phosphorus, in terms of weight, which
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wore used at the driving eleotrods in lontophoresis. Fifty ntmw;&n of
P32 are spproximately equivalent to a weight of 1.7 x 10:4 uiarograns of
phosphorus, herefore it can be sesn that as one decressed further this
amount of radicactive phosphorus, reiative to the other lons present, there

is loss possibility that radlo-phosphorus would be mads evailable for pens-
tratlon into the tlssuss. 1% was also noted that the per cent uptake per gram
of $isuus of the adnminigtered doss by the tissues was generally greater with |
the mowe dilute golniion of radiosctive phosphorus than the mm_mnw,ﬁtmﬁdw ,
However, ws wish to euphasize that in our experiencé Whe total smount of
radioactive phosphorus moving into the tissus is somewhat proportional to the
concentration used, although thers is mot a direct linear relationship. Simi-
larly fostophoresis experiments with three &ifferent conontvations of strych-
nine wulfate demonstrated that the response to stryohnine was proporsional to |
i%s conosniration insofar as lethal resulis were conceranad.

With a changs 1 physical state of the active naterials, that is,
from mubstances in golution to eolloids, using F1Z labelled albumen and Aul98
it was found that the amount of these materials intreduoed into the dbody of
the rat Yy fontophoresis was considerably less than whan Mm;m materisly
were smployed. HEemults after lomtophoresis with solloidal ml% indtcated a
greater smount of yadlosotive material introduoed into the local $issus in
compariscn to the smount introduosd using I35 1shelled slbumez. However, the
body distribution of the 1331 1abelled albumen after lontophoresis appeaved to
be greater. This finding may be eaplained on the hasis that colloidsl Awl98
18 of smaller particle sisze then that of 335+ ighelled albwmen. The sige of
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coll0idal Aul98 was in the ovdsr of 0.005 microns while that of Y13l labelled
albumsn is in the order of 0.0375 microns. In "tms of mobilization of &
particuley materisl fvem the Loeal living tiseus by ﬂm‘ym-uuu. it in a
imows fagt that colleidal ml%® iy consideved relatively fwmobile in that
regard (probebly dus to the faot that it is a substance forelign to the body
of the »a%), Iabelled aldumem sppsars to be turnad over by the wital pro-
esgoes in the tissues of the rat to a greater extent. In the cass where
ingulin was nsed spparently no extensive penetrmtion into the tissues of the
rat ccourred after ifontophoresis, as the blood glucose values wers not altered
signifioantly. Sinos ingulin, in molecular sisze, is of the order of magnitude
of 0.008 microns, we might expect i%s quantitative penstration into the local
tiswues of the rat %o be comparable to that of colloidal Awl98, dhey both
preswsably spproach the same order of magnituds insofar as pax'ticla size 1s
aed. Suok ideas regerding elze prompted Clark (1919) % hypothbesize thad
the quantity of lons of &iffersnt drugs migrating in a given length of time
vuries sppreximately sccording to their "anatomic® welshts.

In thé experiments where P2 wyag adminisbtersd by submtansous injee-
$ion in warylag concentrations it wes found that the uptake Lty thw body tissueq
of this madioactive material was proportional to the Wﬁ injectesd. The
greater $he consentration of the material injected, the greater was the availa
| bt114y of the radtosctive materisl st the local site, snd the greater the
amount pleked up by the capillaries aund carried in the gmeral cirenlation.

hen verious routes of administration such an sboutansous, intrae
mussular, intravenous, and intraperitorsal injections were compared to ionto-
phoresis the following reeulis were observed. In general, iontophoresis cen
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be compared Bo mubeulaneous or intramusoular injection. Whan app;mtalr
six to ten per cent of the amownt of ummenhpMmhmmm”
shered by the suboutanscus or intramuseular routs, 1% was found that o
similar distribution in the varicus body tissues had ensved as with lonto.
phoresis, with the emseption of the driving elestrods ares. Yhe tissus arves
immediately next to the driving elscirode showed a much greater diffused
distridusion of redicactive phosphorus after lontophoresis than was gcen after|
subcutansons or intramuscular injection. This result has hesn pogtulated as
a rational basis for the a&a&nigm?&im of varioung themts agents by
lontophoresis. ﬂzo.(aur kmowledgs there has been no detailed quantitative com.
parigon prior o this work with radlosctive isotopes. With intravenous and
intraperitoneal injection there iz roughly the same pattern of uy‘kaka as with
the other parenteral administrations (intramugeular and mboutansous injection
but greater amounks appear in various tismues much more Tapidly. This more or
1sss follows from our knowledge of drug actions-~that various types of paren
terel administrabion should be classified in the following order as far as
rapldity of action is conosrned: intravencus injection ~ mmmmm
injection ~ intramusoulsr injection - subeutansous injection - lontophoresis.

With other radiosetive lsotopes, such as Ca’® and f1® 1abelled
M&Mﬂﬁwmmim similary results were shown regarding the tissus dlstriluiion
pattern when the ma¥erial was administered by lontophoresie and sompared to
suboutansous injection. The amount of radilactive material present at the
looal tissue aren after lontophoresis was compared to that present after sub-
eutaneous injection. The same conclusion applies to these radic-isotopes as
we have mentionsd previously for radicactive phosphorus.
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A quantitative difference in tissue distribution following ionto-
phoresis was found, using three species of animpleg--rat, gulnes pig, and
Tabbit. It appears that the general pattern of distribution in tissues in the
three species are similar; however, the relative quantitisg present in similar
organs are different. This result is more or lest expecied, and was probably
dus to the different sizes of the animals, the guinea pig and the rabbit both
being songiderably larger than the rat. Thervefore, under constant conditions,
the amomnt of material entering by lontophoresis would be distributed over a
larger area of the body in the case of the guines pig and rabbit. This con~
firms the work of gtrohl et al (1950) who demonstrated the amount of ralio-
active material (introduced by lentophoresis) found in the Blood diminished
according to the animal used: rat, guimsa pig, and rabbis, in that order.

We employed radicactive colloidal gold (Aul98) im fomtophoresis and
submutangous injection stulies. 1% was obperved that after ientophoresis the
Av198 remained primarily in the losal driving electreds region, very little
going to She other tissues. Similarly, with subeutaneous injestion there was
vory 1ittle transport of the colloidal radiosctive gold outside of the lacal
tissue where it was injected. This experimentally confirms the reports of
other resvarch workers regarding the Telative immobility of colloidal anl98
after injection. The quantity of ookloidal ani% getting into the $issuss
from the slectrods site is very sall when compsred to the amounte of other
radioactive isotopes thad have been so introduced. This is very likely related
to the oollolidal nature of the radiocactive gold preparation. Gthers have
demonatrated by W‘rimn% that certain auimal menmbranes or parchments Moek
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the diffusion of oolloids through i%. This is 1ikely to be the oase here.
We must conclude that the ability of colloidsl radiosstive gold te penetrate
into the tissves wag severaly restricted undsr the aowgiam of our expari-
nont. |

In the tumor experiments on rals we used cup shaped electrodes
instead of the conventiomal arrangement we had smployed pmm;v. The overw
all distribution outslds of the local area by various tissues of the rat,
using the cup shaped electiods experiments, was very similar %o that which
had besn obtained using the conventional elsctrodes with botk P32 ana
eolloidal ax*93. 7he lesal depesition of materisl, after ishtophoresis, was
sinilar hoth as far as normsl tissus and tumor tissue was concerned. Vhen
radiosstive phosplorus (PP2) was used in such studies, we fornd a diminighed
concentration at the local driving electrode area in Wﬂ.ﬂm to the mame
local site, when the conventionzl electrodes were employed. ;

Wideepread systemio distribution eculd possibly prove disadvantagecud
iz the attempt to irradiste an isclated tumor growth. Subsequant possidle
systemic damage dus to irradiation of the body might mesuls. Colloidal radio-
active gold (Anwg) wonld not of nscessity suffer from this handiesp as 4%
appears to be easily loualized at a particular sits in the body, usually at
the pcm& of introduction. In its use for possible tumor therapy, however, as
indieated in our experimsnts with colloidel Al whers fontephovesis was tried
with two electrodes attached to the epposite sides of a large tumor, it was
shown that insignificant amounts of radlosctive material were transported
throughont the tumor mesgs. In therapeutic prastice sbout 21 millicuries of
colloidal aul98, by injestion, 1s employed with tumors of § cc. in sixs.
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Under the conditions of our sxperiments with lentophoresis we are getting,
a4 bent, a Qiffugion of spproximately 4.4 x 10-13 microcuriss of AnlS®
throughout the tumor. However, we believe that by lontophoresis, the parti-
gular material probably snters the actual oells of the tissues themselves.
Therefors it might take much less actuel material, introdused by Mntaphoﬂm:l

to produos the same effect as when that material is injected. Rven consideri
this point, 1% scems very unlikely that bensficial effects would take place
in this case, sinos there is such 3 tremendous diffarence between the amount
uged in injection and that which can be introduced inte the tlssuss after
iontophoresis. @hemfew, as mﬁ in this study, it appeavs that 1t woumld
be fmpractical to utilize lontophoresis as a method of introdustion of
radicagtive materials in the tharapy of tumors.




1)

3)

GEAPTER ¥

It was demonsirated that undar the conditions of our experimenty,
using lontophoresis with P52 in the r@t, the distribubion in the tissuves
of the material was proportional to the current density, duration of
ug&pmmm. and concentration of the radlcactive phosphorus used.

Tith atmnim salfate it was foumd that pharnaodynanio effeots, oome
vulsions and dsath, wers also proportional to the congentration of
atmham used at the driving electrods site. It was found as the
lanic strength of the selution used in lontophoresis with radioactive
phegphorns was increaged there was a decrease in the radiosctivity uplake
by the tissues. The findings with colloidal AwlfS, ingulin, and altumen
Jabelled with JA%L tngicate Ahat these eolloids are not Teadily trans-
pcm& into tissuss Wy iomtophoresis. Whether this is due i particle
M ar some othey property common to colloids is not aanmm by
thess experiments. Finally, theve appesred te be mo stgnificant effect
of B and elsct™ode size on the P2 aigtridution in the animal nﬂar
phoresis wmder the wm—tiwns of our experiments.

Woen iontophoresis and injection comperison stulies were made
in the rat, it was found that intrammscular and suboutansous injeetion
most nearly mmma the distridution pattern produced by lonto-
phovesis. ¥hia was mmmma;m P2, aﬁﬁ, and 133 1abelled




3)

€8s

diledofinorescein. When intraperitonsal and intrevemous injections were
zade, using the same concentrations of radicactive phosphorus as were used|
in n&‘baatmus and intramugoular injection, it was found that a gimilay
dstribusion pattern prevailed with all methods of aduinistration, ome
howy after the administration, but with the exception $hat the tissuss
appeared to contaln greater amounts of radiocactivity after intravenous
and intraperitoneal injection.

In all cases with the radiosctive materials used, there wai a
greater deposition of the materisl at the losal site after lontophoresis
than there was in the comparable site after injection techniquse.

 gpecies variation seemed o Bave an influence on the total
uptalee of rediomotive phosphorus after lontophoresis, although the distri-
bubion pattern was similar in eash. Rats, guines pige, and rabbits showed |
msm smounts of radioastivity pressnt per gram of their tissues, in
that ordsr.

Iontophoresis experiments with eolloidal 4198 ghowedt & small
loosl deposition of the material with very small snd ingignificant amounts
belng present in other tissues. With suboutansous injestion sgain thers
appsared to e little turnover of the colloidal radicactive gold outslide
of the lecal $igsus where it was injected. The resulis were unfavorable
in the endeaver to introduce colloidal Anl%8. he total ameunt of
colloidal w98, as dstermined by counts per minute per gram of $iseue,
in the logal avea, was wary small.

Gollotdal 4u3%8 414 not appear to be diffused readily throughout
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the tumoy of the rat after lontophoresis. After mxx&aphnrni; with
radioactive phomphorus there was & much @aur diffugion of u&a@ﬁﬂtﬁ
Mﬂt the yat tumor mase s8¢ mmpmé. %o similer ywt; using
osllotaal %8, |
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APPENDIX

TABLE XX
PROTOCOL OF TISSUE DISTRIBUTION OF P32 IN THE RAT
WITH VARIATION IN pH - 4,642,000 o/MIN. APFLIED TO DRIVING RELECTRODE
FIVE MILLIAMPEARES OF CURARENT STRENGTH FOR ONE HOUR

95

B ol = 2.0
TISSQ’ES mﬁiim mnzgfm*r mm;%zmi‘ SUMMARY
' PR G pimn  peGun e o
Driving Electrods 43,930 11,990 19,35 15,090
Urine 11,760 9,6l 10,576 10,607
Hlood 670 550 5ho 587
L wo  wp e uw
Kidney 2090 1440 1710 1747
Indifferent Musele 150 30 220 221
Indifferent Bone 1150 8o 190 1073
pH = 5,8
TISSUES RCRD@T  EPEDEI  EGEEGT  SHOURT
| WA pGuN ek aun ok o
Driving Electrods 146,860 147,660 18,840 17,787
Urine 13,kh20 10,023 10,748 11,397
Blood 6h0 630 550 607
Liver 1170 1720 1600 197
Kidney 2850 1870 1840 2187
Indifferent Muscle 120 240 380 an7
| Tt ¢favant Bona 2290 2630 2940 1787



TABLY XX (CONTINUED)

. 96

FH=I0.0

TI8SUE S ELDENT wéfg:m BB SIMARY
Ea s M pm ]
Driving Electrode 39, 680 37,110 38,300 38,430
Urine 8, ol 6828 8lso 775
Blood 30 200 260 257
Liver 550 1880 980 nxn
Kidney 1, 000 1000 1060 1020
Indifferent Hussle 90 250 190 i
Indifferent Bone 210 810 800 627




I

TABLE XXI
PROTOCOL OF TISSUE DISTRUBUTION OF P32 IN THE RAT

ern VARIATION IN IONIC STRENGTH . 4,700,000 cfMIN. APPLIED 70 IRIVING ELECTRO
FIVE MILLIAMPERES OF CURRENT FOR ONE HOUR

/‘"(0»%1

TISE EXPERIMENT EXPERTMENT mmr SBURY
c/film. c/!?m, @/&g efumi,
: PER_ GRAM PER GRAM PER GRAM __ PER ORAM
priving Electrode 1, 7h0 15,320 43,320 13,460
Irine 10,023 810l 10,020 9382
ood %00 520 550 523
iver 2020 1840 1960 1940
idney 2010 1880 2290 2070
Indifferent Musele 3% 340 310 s
Indifferent Bone 1420 1070 1480 1323
A - 0.17 7
TISSUR EXPERIMENT EXPERIMENT EXPERIMENT SUMMARY
c/ﬁlm¢ c/gzm. o/l%. e/MIN,
’ PER_ORAM PER GRAM PER GRAM PER GRAM
briving Mectrode 30,030 33,880 32,790 32,233
Irine 8056 11,190 10,190 9812
hho hsp o hso
1010 1170 1300 1160
1810 2040 1850 1900
270 290 270 217
1250 1250 1273

1280
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TABLE XXI (CONTINURD)
s w102
TISSUE XPERDMENT wmgmr w%}m SUMMARY
| -
Driving Hlactrode 26,110 30,850 25,930 28,290
Urine 8073 auT7 BLS6 8335
Blood W60 k50 ko 450
Liver 960 9140 960 93
Kidney 1170 1220 1200 1196
Indiffevent Hugole 120 150 170 ws
Indifferent Bone 850 800 870 8o
m :

TISHE EXPERTMENT EXPERIMENT  EXPRADMENT SARY

.2 8 #2 #3

Pgl% ?m PER GRAM P%ﬁmmiu

18,730 15,910 22,770 19,137
6725 7410 6360 6832
300 330 240 290
1010 820 T0k 8LS
1070 980 %0 L7
60 % 91 79
250 20 260 273




TAHLE XXBX

PROTOCOL OF TISSUE DISYRIBUTION OF P32 IN THE RAT

WITH VARIATION IN CUARENT DENSITY
k,800,000 o/MIN, APPLIED 10 DRIVING ELECTRODE

FOR ONE HOUR

| TIS0R EXPEAIMENT  EXPRRIMENT SUMARY
Dridng Electrods 51,250 Sy 950 540
Urine 18,125 18,331 17,545
Blood 950 200 980
Liver 3290 3120 3043
Kidney - 1090 3750 3700
Indifferent Musole 170 220 235
Indtfferent Bons 2390 3020 2700

TISSUE wmgmm FRUARY

PER_CRAM PER_GRAM _ Px?t_/?& ?g%
Driving Klectrode 15,300 15,530 hky635 15,155
Urine 7806 13,650 7323 9593
Hlood 640 650 519 603
Liver 3550 3k20 2090 3020
Kidney 3930 3100 2375 3335
Tndifferent Musele k50 150 265 ns
Indifferent Bone 3090 2740 3023 2951




TAELE XX1I (cmwmm)

135753 EXPERTMENT  EXPERDMINT  SXPERIMENT SIEARY
o/HI, o/, o/t o/,
PEA GRAM PER ORAM PER _ORAM PER ORAM
Driving Eleotrode 27,430 20,670 22,480 23,527
Urine 2040 T 3705 3562
Blood 330 513 300 o
Liver 1847 1964 1820 1817
Kidney 2130 180 2210 2060
Indifferent Muscle 50 120 50 100

Indifferent Hone 1840 1379 1580 1533




TARLE XXEIX

PROTOCOL OF TISSUR DISTRIBUTION OF P32 IN THE RAT

WITH VARIATION IN DURATION

L1, 165,000 e/MIN, APPLIEZD T0 DRIVING RLECTRODE
FIVE MILLIAMPERES OF CUXKENT STRENOTH

TISSUR BXP R IHENT EXPERIHENT EXPBRIHENT SUMMARY

et a/ﬁ%ﬁ; f;m. | a/ﬁ’im o/Hile

o PER GRAM PER GRAK PER GRAM PER GRAK

Driving Hlsctrods 8,711 61,020 66,592 65,4
Urine 11,936 11,221 11,890 11,509
Hood 5Th 390 155 k73
Liver 1804 2190 2027 2007
Kinay 11680 2640 2560 g0
Indifferent Husole 630 720 720 690
Indifferent Bone 2580 2120 3005 2580
TISSUE DT EPEDET RIPERL T  SoRY
Driving Klestrode 28,711 20,890 16,5140 22,047
Urine 3065 5040 4830 e
Roed 515 451 W76 35 8
Liver 2050 1570 1670 1830
Kidney 2340 1790 2360 2163
Indiffarent Musole 620 1020 330 51
Indifferent Bone 1200 2520 1330 1683




TABLE XXIII (CONTINUED)

15 HINOTES

TISSUES mgglmmr mg;;éz:@m ms:ng’ W&W SURAMARY
PE;/% ﬁ% Pﬁ?i/g% p&m szﬁg@;a

Driving Zleetrode 15,040 86860 15,930 1,122 13,688
Urine 3230 190 4o 3260 2105
Blood 190 50l 200 250 261
Liver 260 2100 330 3o 583

Kidney 850 1980 Lso 340 913
Indiffarent Musole 120 1400 170 160 23
Indifforent Bone 2ho 920 350 30 L6s




TABLE XIV

PROTOCOL OF TISS0% DISTRIBUTION OF P32 ¥ THE RAT

WITH VARIATION IN ZLECTRODE SIZ2B
1,500,000 o/¥IN, APFLIED 70 DRIVING ELECTRODE

FIVE NMILLIAMPERDS OF CURAENT STRENGIH FOR ONE HOUR

103

Indifferent Bone

T8 om?
TI830ES REPERIMENT  BXPEADUNT  EAPERLGNT SGRMARY
: a/ﬁlm* e/gx, e/gx» | o/ HiN.
e __ PEa gRad PER GRAH PER GRAM PEd GAAN
briving Hectrode 37,450 81,550 40,250 153,087
12,493 12,870 10,133 11,832
1070 1060 1060 1063
kogo 3340 Lalo 3857
b8h3 3610 190 4368
370 320 320 337
Indifferent Bone hg10 Wno 3830 k383
7o E5 oud
TISIUES EXPEAIMENT RXPERIMENT EXPERIVENT SUMMARY
efﬁﬂp a/i%&: «/ftgu. - ofHIN,
PER GRAM _PER GitaH PER GRAM _PHR QRAM

Driving Electrode h2,850 45, k00 16,030 L, 760
[orine 10,130 12,230 13,350 11,907
Hlood 1100 800 1120 1007
Liver 3250 090 L270 3570
Kidney 3830 3530 L600 3987
Indifferent Muscle 2%0 510 320 340

3670 hé10 Ls70 14283




TABLE XIV (CONTINUED)

T

. TISWE ZXPTAIMENT  EXPERIMENT m&;um SUHMARY
| miﬂm P%«{i%i;ﬁ r%é%%&;x ?%x/%%gi?m

ving Kleotrode 40,690 145,860 45,580 his0U3
Em | 16,140 13,500 8605 12,748
lood 1080 830 1080 1000
Hbs.m 3990 3400 3530 3640
Kidney 4250 Lo%0 3960 1213
Indifferent Muscle 320 150 290 353
Indifferent Bone 5010 4750 3350 L5317




TABLE XXV

105

PROTOCOL OF TISSUR DISTRIBUTION . OF P32 IN THE HAT
WITH VARIATION IN CONCINTATION OF TUE ISOTOPR
FIVE MILLIAMPELZS OF CORIENT STRENGT: FOR ONE MOUR

| 5,500,000 of Kille
1155083 EXPRATMENT TXPEAIMENT  EXPEAIMENT  SUHMARY
b e/}«%ﬁh afiﬁm‘ c/l@ﬁ& c/MIN,
—— PER CRAM PR (RAM PEH GIAM PR GA4N
Driving Blectrods 145,300 15,530 liy$35 45255
Urine 7806 13,650 1323 9593
Hlood 6o £50 519 603
Liver 3550 3420 2090 3020
Kidney 3930 3700 2315 o33
Indifferent Husole 490 190 265 ns
Indifferent Bone 3090 2740 3023 9
T185783 RXPEAIMINT EXPRAIMENT  EXPERIMENT SUQUARY
G/?mﬁ u/fﬁh a/féﬁo o/MiN,.
. PEA ORAM PER_GRAM PER ORAH PER_ORAHM
Driving Hlectrode 18,160 2l,78 10,548 17,650
Urine 3o 6570 i o) Shl0
Blood 230 210 205 205
Liver 390 LBo 510 o
Kidnay £60 B30 560 550
Indifferent Huscls 100 110 105 105
Indifferent Bone 50 150 250 Jos




TARLE XXV (COuTIUED)

106

B ‘ 155,100 o/¥iN,
TISHES m’aﬁfam wmmm? »{?mgmw  SUMMARY
Ay o e o
Driving FRlactrode 19,500 22,030 - 19,960 - 20,517
Urine 7 56 786 816
Bood 300 300 280 293
Liver 360 350 310 373
Kidy k70 150 o s
Indifferent Husole 30 50 30 37
Indifferent Bone 260 190 250 2ko
152,500 o/ Fik,

TI33UE5 RAP BRI W.P?%?I&zm’f AP ERTHERT SRMARY
alx%* e/ggmy a/ﬁ?ﬂ* oM,
PEAL GRAM PEA RAM PEZ Oddasl F&‘i G4l

3750 3350 1230 ITNT
122 26 185 wh

£0 20 130 70

6l 0 105 63

80 51 10 7

Indifferent Huscle (+] 0 30 10

Indifferent Bone 59 29 65 52




TABLE XXVI

PROTOCOL OF TISAUR DISTRIBUTION IN THE RAT

AFTS: IONTOPHORESIS WITH COLINIDAL Anld®

11,766,000 ¢/MIN, APPLIED 70 DRIVING ELECTHODD
FIVE MILLIA®Z:23 OF CURHENT Sy ¥NQTH FOR ON7 $OUR

7133053 EXPR THANT EAPERTHENT EXPELLMINT SmMARY
# Fd #3
o/HIN, e/M, o/HIN. o/HIN.
PEL (AAM PER GRAM _  PER GiaM PER GAAM
Driving Electrode $530 2100 12,340 7990
Urine 1% 20 15 17
Bood 10 20 W S 13
Liver 39 28 30 32
Kidnay 86 83 85 BS
Splesn 3 37 L& 38
Indifferent Husole 8 8 1L 10
Indifferent Bone 22 20 13 25




TASSUE DISTRIBUTION IH THE HAT
APTER IONTOPHORESIS WITH 1130 LABELLED ALBUMIN
L, 721,000 o/MIN. APPLIED AT THE DRIVING BLECTROLE
FIVE MILLIAMPEARS OF CULiENT STRENOTH PFOR ONZ HOUR

TABLE XiVII

TIssun3 RAPELTAERT CEPEHIHENT BXPEAT SBNT SuEMARY
#1 #2 #3
e/MIN, G/i”smo Qfﬁmi ﬁlmxo
PER GRAM FER GRAN FES 1AM PR QnAM

Iriving Eleotrods 2480 1730 2120 2210
Urine £40 188 kL 387
Blood p 1y 150 110 133
Liver 150 190 190 111
Kidney 270 170 0 193
Indifferent Huascle 90 110 8l 95
Indiiferent Bone 150 1é8 152 159




AFTER IOWTOPHORESIS WITH I

TABLE XXVIII-

TISSUR DISTRIBUTION IN THE RAY
31 LABELLED DIIODOFLUOHESCEIN

FIVE MILLIAMPERES OF CURAENT STRENGTH FOR ONE HOUR

TISSUES EXPEATMENT BXFBIHENT SUHHARY
u/i?m. MIN, o/HIN,
PER GRAN PER_ORAN PER GRAM
Driving Restrode 24,511 22,570 23,540
Urine 1300 5000 555
Blood 580 670 628
Liver 390 350 370
Kidnay 380 320 350
Indifferent Muscle 330 260 295
Indifferent Bone 370 320 3h5




TABLE XXIX
TIS30UR DISTRIBUTI

AFTER INTRAMUSS ULAR INJECTION OF I
30&.200 ﬁﬁ{mﬁ»
ALl 3AMPLES TAKEN APTER ONE HOUR

i THE RAT

LABELLED DIIODOFLUORBSCEIN

THIRCTION T, M. "= 304,2000/HIN,

BIPBIMENT m%mmﬂ BPEDGNT  SOAT
Driving Rectrods 9010 8260 8340 8537
Urine Koo 3820 3710 3843
Blood 700 620 550 623
Liver Lo Loo o 7
Kidney Llw 120 310 2o
Indifferent Musole 100 300 320 310
Indiffarent Bone 380 350 33 353




TAELE XXI :

TISSUR DISTRIBUTION IN THE ‘RAJ
AFTER IONTOPHORESIS WITH Ca
1,060,000 ¢/MIN. APPLIRD AT DRIVING ELECTRODE
FIVE MILLIAMPERES OF CURAENT STRENOTH FOR ONE HOUR

1,060,000 o/ HI¥,
- T133088 EXPEAIMENT EXPERIMENT SUMMARY
o/ﬁ%h , a/gaﬁ. | e/MIN.

| PER _GRAM PER QRAM PER OitaM
Priving Tlectrods 8560 9920 9240
Urine | 2800 3000 2900
Blood 350 280 315
Liver 116 280 198
Kidney 160 160 170
Indifferant Huscle 50 30 ko

Inddfferent Bone i+ 1] 290 303




TABLS XXXI
T185U8 DISTRIBUTION TN THS RAT

AFTER INTRAMUSCULAR INJECTION OF Cald

WITH m,ﬁw QM&
ALL S4MPLES TAKEN AFTER ONE HOUR

TISSUES | mz&mw | m%m wm;gﬁm?
| PN pladm  peran  pea o
Driving Dlectrods 3954 n20 2760 278
Urine 2000 1780 1820 1867
Blood 138 211 250 200
Liver . 160 130 120 137
Kidney 280 220 190 230
Indifferent Huscle 90 70 70 ({1
Indifferent Hone L30 10 g 430 423




AFTER THTRAPZRITONGAL INJBOTION OF P32 . WITH 299,706 o/HINe

TABLE XXXIX

TIS308 DISTRIBUTION IR THE AAT

ALL SAMPLES TAKEN AFTER ONE JIOUR

EXPERMENT WERM?

TIS30ES @1 ms%zm SUNMARY
Urine - 55,090 58,250 50,940 Sy 760
Blood 1257 1253 634 20h8
Liver 1450 2430 1880 1920
Kidney 330 3210 no 3627
Indifferent Muscle 160 120 137
Indiffarent Bone 1010 1620 1590 107




TABLE XXXIII

TISSUE DISTR. IN THE RAT
AFTER INTRAVEROUS INJECTION OF P

- WITH 204,800 o/HIN,

ALL SAMPLES TAKEN AFTER ONE HOUR

Uring 62,580 69,000 66,720 664,100
Hood 1320 650 990 987
Liver. 2580 2290 2850 2573
Kidney 3610 2890 3290 3263
Indifferent Muscle 390 120 190 233
Indiffarent Bona 2670 2750 2870 2163




us

TABLE XZXIV

TISSUS DISTRIBUTION IN THE GUIN:HA PIC
AFTER IONTOPHORESIS WITH P
Lis220,000 o/MIN, APPLIED AT DRIVING ELECTRODE
FIVE MILLIAPZSES FOR ORE HOUR

TISSUES BXpY *‘im@ﬂ‘ BXPBAIMENT SUMMARY

s
f@%&x L ygi& ; Fiﬁm&ﬁ;ﬁ
Driving Electrode 25,280 21,650 204,95
Urine 1940 2180 2060
Hlood o L50 L30
Liver 620 690 855
Eidney 860 900 B8o
Indiffevent Muscle 220 200 220
Indifferent Bove 1150 1300 12h0




TABLE XXXV -

TI3SSUE DISIRIBUTION IN THE RABBIT
APTIR IONTOPEORESIS WITH p32
14096,000 ¢/I6. APPLIED AT DRIVING ELACTRODE
FIVE MILLIAMPERES OF SUARERT STRANOTH FOL OHE HOUR

Tissugs BAPEATHENT BEPEAXMANT SUBAATY

@f!ﬁ%, a/i’igﬁi« o/4Dis
PER OLAM rEL AN PUR GRAM

Eriving Blootrode 104710 10,040 10,375
10 20 k5

160 185 ' 113

720 Tho 730

1030 990 100

10 % 18
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