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produced by the pro!on bombardment ot ZnO t.lrgets at I.os ,Uarnos \lt+m

I’hysics Facility. Copper+7 }VM puriiid using ● ~’lt’ctr~)~.h~’n~ic.~1pr~ndurt’

previous!’ described by Bentlev Et ,~,, 19/+4; Taylor .~nci Ilcntley, 1984; Jnd

klwcer-Smith @ ~., 1987.

PorDhvrin Radiolabeli~

The synthesis d the porphyrin activated for n~d.~1’~tion, .N-benzvl-

5,10, 15,2 Wtetrahis(-karboxyphcnvl) pqhine N-M ITCI’P, has been described

previously (Mercer-Smilh U d. 1987), The svnthesis m~d nwtdati~;n mcch~nism

of X-bA-IT21JI’ to form 5,10, 15,20-letrakis(4-carkxvphellvl) porplli[~ato [~7Cu]

copper (11), (henceforth ckno:ed as 67CUTCI’P; Figure 1) h~ve ken dwribcd

~lk~~’iwre ~Mwccr-Smith g! al., ]9B7 ~11~ [4dvallet,, 19~7). T]lc 67CuT(’I’1~ in

.qu~wus phospha[c bulhx was st(-vilized bv }Iassa:~LBthrough J Milkx (JS ().2

iil tw (Mill iporc, lkdf(mi, MA) into a s k)rilc ~-rip-w’altd vial,



administration of Freund’s adjuvant, each animal }v.~s injected intraperitoneallv

w’ith 1].~ ml (0.2 mg) bacterial endotoxin (Sdl~:!,,~nt)//Udbortuj q~{i).

Control Animals: Control minds (age and sex matched) were treated in

a similar manner as w“ere the inllammi animals. %mle saline was administered

in place of Freund’s adjuvant and bacterial erdotoxin. Each control animal was

injected with saline at the same time and with the same volume as were the

intlamed animals. In addition to the saline injwtecl control animals, a second

group of non-in]ected control animals was used- This group of animals was not

injected with saline 01 any inflaming agent.
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body wwre removed. Figure (2) graphically illustrates the location of the

dissected lymph nodes.

At each time period inflamed and ci)ntrd animals were sacrificed. and the

lymph nodes t~rere surgically removed. Care w?as taken to remove the

extraneous tissue surrounding the lymph nodes, Dissected lymph nodes were

then placed into Al ml plastic counting viais containing formalin and counted in

a NaI autogamma counter (Packard, Packard Instruments, Downers Grove, 11).

A calibration standard of 67CUTCPP, which was calibrated on a GeLi gamma

counter (EG&G Orteg, Oak Ridge,

(Canberra series 35 plus, Mericien,

samples, When the 67CUTCPP had

nodes were weighed.

TN) coupled to a multichannel analyzer

Ct) was counted with the lymph node

decayed to background levels, the lymph
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Data Proces sing

Radioactive measurements (counts) from the 67CUTCI’P lymph nodes

were entered into an IBM AT personal computer (International Business

\lachines, BOCJ Raton, FL) and analvzed using the softw~are program Lotus

(Lotus Development Corporation, Cambridge, MA). Rc4dioactivity

measurements from the lymph nodes of an individual animal were decay

corrected to the injection time of the animal (time zero) (This decay correction

allowed lymph nodes from an individual animal and from difierent animals to

be compared). In all experiments, 8 animals (4 intlameci and 4 control) were

examined at each time point. The overall uptake of 67CUTCP? by the lymph

nodes from the 4 intlamed animals was aver~ged and compared to the average

uptake by lymph nodes from the 4 control animals. A two-tailed T-tt’~t was used

to determine significance between the uptake of ~~7CuTCPP by lymph noiies

from control and inflamed animals.

RESULTS



and saline control animals were combined (a\-eraged), the overall uptahe of

lymph nodes from intlamed animals was signiiicantlv greater (p<.115) than ~~ras

the uptake by l}mph nodes from saline mrrtrol animals (Table 1). !.ymph nodes

from inflamed animals localized approximately two times more ~~CuTCPP than

dd lymph nodes from either control group. When the uptake of ~7CuTCPP by

lymph nodes from the two ccmtrol groups was compared, the localization of

67CuTCPp by lymph nodes from the saline injected animals was slightly greater

than was the uptake by lymph nodes from the non-injected animals.

xg~s in Individual Lvm uh Node Wekhts

A comparison of changes in weight of the various lymph nodes from

inflamed, saline control, and non-injected control animals illustrates that lymph

nodes from inflamed animals were heavier than were lymph nodes from control

animals at 48 hours post-injection of 67CUTCPP (Table 2). The inflamed

popliteal lymph nodes had the greatest weight increase Cf all the lymph nodes

examined. The weight of inflamed popliteal lymph nodes was approximately 4

times greater than was the weight of saline control popliteal lymph nodes. This

increase in weight of inflamed popliteal lymph nodes may have contributed k)

the enhanced uptake of 67CUTCPP by intlamed popliteal lymph nodes as in seen

in Table (1). When the weights from the various lymph nodes of intlamed and

con trol 1ymph nodes were averaged, 1ymph nodes from inflamed animals were

significantly (p<.05) heavier than were lymph nodes from either control group

(Table 2). Tl\e average weight of lymph mxks frt)m salirw control animals wits

slightly ht!~viw th~n was [he weight d’ lyn~ph II(KIL’S lrom mm-inj~’~’kd ~.ontr~d

,lnixndls.
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the ~~CuTCPI’). At each time period -1 intlamed, 4 saline control and 4 r,on-

injecteci control animals ~~wreexamined. The uptake of 67CUTCPP bv intlarned

lymph nodes during tile iirst 12 heurs tolhmring the injection oi 67CUTCI’P T,\ras

not significantly different (p>.05) from the uptake by saline control animals;

hmvever, by 24 hours post-injection the uptake ot’ 67CUTCPP had increased

significantly (pc.05) over that of saline control lymph nodes. At this time point

(24 hours), inflamed lymph nodes localized approximately twice as much

67CuTCpp as did the saline control lymph nodes. This degree of uptake

remained constant over the remaining time periods (48 to 96 hours). These

results sugg~t that the uptake of 67CUTCPP by inflamed lymph nodes had

reached the maximum concentration by 24 hours and that the level of uptake did

not change during the 24 to 96 hour time period. Because time periods longer

than 96 hours were not examined, it could not be determined at what time period

the 67CUTCPP began to clear from the lymph nodes.

An examination of the time response for the saline control group

demonstrates that the uptakt’ of 67CUTCPP during the first 12 hours following

the injection of 67cu TCPI’ was low; however, the uptake of 67CUTCPP during

the remaining time periods (24 to % hours) was relatively constant. The upt~lke

of 67CUTCPP by non-injected control animals over the 6 to ‘)6 hour lime period

WM similar to the saline control ~ruup. The OVer,d! uptake d 67CUTC1’P by the

saline control gruup was slightly greater than was the’ uptake by the non-injected

control group. At 3 time points (24, -M tmd 96 hours) this incrcwxi upt~kc of

67C11TCI~Pby lymph l\odeS from s~linc inject~d ,lninli~l was sonwwhac cnhanc-vd

bllt not l-~ighlysignificant.
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administered 7 days prier to the injertion of 67CUTCPP, it was expected that (1)

maximum i.nflammatic ~ would have occurred by the time the 67CUTCPP was

injected and (2) that the lymph node weights would have reached their

maximum level, Howe\Jer, the short time interval between bacterial endotoxin

and 67CUTCPP injection (4 days) may have induced an inflammation respm, se

that resulted in an increase in lymph node weight during the first 48 hours

following the injection of 67CUTCIT. The weight of saline control lymph nodes

remained relatively constant during the time periods examined; however, a

slight increase in weight was observed during the 48 to 96 hour time periods. A

comparison between the weights of inflamed lymph nodes to the weight of

saline control lympli nodes (Figure 4) illustrates that by 24 hours the weights of

inflamed lymph nodes were significantly (pc,05) heavier than were the weights

of saline control lymph nodes. During this time period (24 hours) in~lamed

lymph nodes localized greater amounts of 67CUTCPP than did the control lymph

nedes (Figure 3). These results suggest that changes in !ymph node weight may

have a role in the uptake of 67CUTCPP
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RelationshiD Between The UP take of ~~CuTCPP and Weight lncrea~

The final study examined hcw changes in inilamed lymph node weight

affected the uptake of 67CUTCPP. In Figure (5), changes in the uptake of

J7CUTCPP between inflamed and saline control lymph nodes are compared to

the chang- in weight betw~wr, intlamed and s.~line control lymph nodes at

various time periods (6 to 96 hours). For a!,l time periods studied, (except tor 6

hours in which the uptake of 67CUTCPP by inflamed lymph nodes was less than

in the saline control groups), inflamed lymph nodes localized greater than 3

times more 67CUTCPP than did saline control lymph nodes (solid bars). (A

value of 1 indicates equal change by intlamed and control lymph nodes). The

maximum change in uptake of 67CUTCP1’ between inilamed and saline control

lymph rwdes occurred between 48 and 96 hours. During this time period,

intlamed lymph nodes iocalizcd 3.6 times more 67CUTCP1’ than did saline

control lymph nodes (Figure 5). In conh ast to the change in the 67CUTCPI’

localization between inllamed and saline control lymph nodes, the change in

weight between inflamed and saline control lymph nodes (hatched bars) WM

relatively constant over the time pc~riod examined (I:igurc 5). At all Iimu peri~ds
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area, The intravenous route of administration has several advantages M

discussed by Robinson Jr. and coworkers (1986), The intr~venous administration

of a lymph node imaging radiopi~,irn~aceutic.~1 ot’Icrs the adv~lntage ot’ ,1

noninvasive procedure for evaluating nw~~.i(wtinal, nwsenteri c, cervi ml, dnd

other deep seated lymph nodes, which are difficult to image using subcutaneous

injection. Therefore intravenous (1.V.) Iymphoscintigraphy affords the ability to

image lymph nodes which cannot be Imaged by more conventional tfi-hniques,

For example, the following procedure could tx used ASa potential application to

evaluate lymph nodes. A single l,V. injection of a r~diopl~armacc~ltiut~l, such N

67CuTCPp, COUld be use to evaluate lymph nodes in dll regions of the b(xiy.

Regions of the body in which lymph nodes are identified as positivt! using the’

1.V. tuchnique could be more clearly rvuvdu~tcd using a subcutaneous i:~jc’ct~’d

rt~~ii~~pharmaccutical. If ~7CuTC1’I’ provt+i to be ,1 sucxwssful lymph mdu

imtlgi +pt, it could b~’ustxi in tlw inititll lymph mxic’ screw’ning pro~.c’dur~’.

SUMMARY
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Table 1

I’ercent ~ptake l)t 6~CuTCCI’ By
Indivlciual I.ymph Nodes

SALINE
LYMPH NODE INFLAMED Nocg-~:Jgp~CONTROL

—— ..—. —.. . ——.——-—. ..-— —.— .— -.———.—— ---

Cervical (R)l
Cervical (L)
Axillary (R)
Axillary (1..)
13rachial (R)
13rachial (L)
Popliteal (R)
I%plited (L)
Mesentery

(),030 ~ 0.0”16~
U,023 + (!!012
0.1)2I ~ ().003
0.023 +.0.010
0.021 + 0.001
(),()19t 1).W4
0.1!22~ 0(.)11
0.033 + O.OW
0.038 +.0.010

().017 f 0,005
().d15 + 0.003
U.017 ~ 0.()()8
U,(N7 + 0.002
0,014 + 0.003
0,W6 + 0.()()2
().()04f (.).001
().003 + 0.001
().024 + 0.012

MEAN3 0.026 + 0.002 0.012 + 0.002 0.008 + 0.002
..——-.... ..
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