Lawrence Berkeley National Laboratory
LBL Publications

Title
Renal Imaging in Humans with the Technetium Labeled Polypeptide, Caseidin

Permalink
https://escholarship.org/uc/item/3m98z7z0Q

Authors

Lin, Max S
Weber, Paul M
Winchell, H Saul

Publication Date
2023-09-06

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/3m98z7z0
https://escholarship.org/uc/item/3m98z7z0#author
https://escholarship.org
http://www.cdlib.org/

‘Renal Imaging 1n Humans with the Technetium Labeled Polypeptide, Caseidin

‘Max S. Lin, Paul M. ‘Weber, H. Saul Winchell and A._Katchalsky—Katzir*

 Donner Laboratory, University of California
at Berkeley, Befkeley, California

; and Kaisef Foundation Hospital, Oakland, California

*Difector of Polymer Dept.,~Weizmann Institute, Rehovoth, Israel, and .
Visiting Professor, Division of Medical Physics, University of Cali-
fornia at Berkeley, Berkeley, California. .



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



The use of radiomercurialsAin renal séintigraphy is limited by
the high radiafion dose associated with their use aﬁd the inabilility
to differentiate vascular from non-vascular lesions (1l). As a sé-‘
lution to the latter deficiency, ®®MTc-pertechnetate can be used in
conjunction with a radiomercuriél in dual-isotopic scintiphotography
(2). A solution to both these limitations would be the availability
of a éafe and effecti?e renal-cortical localizing agent like~the radio-
mercurials gﬁt carrying ®8Mrc or other suitable short-lived nuclides.,
'A éngc—Fe-ascorbafe'complex introdﬁced by Harper and his associates-
(3) represents a step toward this goal (4). |

| Recently, °°Mpc labeledlcaseidin was shown to be an effective
agent for renal cortical imaging in experimental animals (5). The
present studyAwas undertaken to determine whether 99Mpe_caseidin
would - be similarly effective in humans, and such was found to be the
case.
~Materials and Methods

‘Crystailine‘caseidin was obtained from Miies—Yeda Co., Réhovoth,
Isfael. " Stock soiutions of the caseidin ét pPH 7 were made in saline
to a concentration of about 100 mg/ml, Millipore-filtered (0.22 p),
and kept frozen untii'use; To preparé the ®°Mpc_caseidin, 2-3 ml of
technetium'generétor'éluate was added to 1 pmole of anhydrous SnCl2
dissolved in 1 ml of O.é N HC1 solution} After 5—min mixing, 1 ml of
the stock caseidin solution was added. Mixing was continued fégwég_ |
additionai lO minfto pfomote binding of reduced technetiﬁm to the
Acaseidin (6,7). After a Millipore—stérilization (0.22 p pore size),

the mixture (pH 2.4) was used in patients. By assay in rats, the

'preparation was found'to.be stable for 10 hr when kept under N2 at



A4°C in a refrigerator.' When air oxidation -of the Sn(II)~present in
the preparation was allowed to occur by standing the preparation un-
der air in a bright room, there was a significant regeneration of free
'pertechnetate in the preparatlon by 10 hr. '

A total of twenty patients recelved the preparation for renal
imaging. All patlents except one uremic child were adult out-patients
" in good general conaition} Each of these patients was evaluated clin-
ically prilor to the study. AIntravenous pyelography was performed in
eleven, double-isotopic renal studies with SsmTc—pertechnetate and
2°3Hg-chlornerodrin in eight, and selective renal arteriography in
one petient. Serﬁm'creatinine was 1.7 mg/100 ml or less in all ex-
cept thezuremie.child.

: ThegssmTe-caseidin nfeparation was administered by injection
'.into an antecubital vein in all patients except S.W., who received
it throughla yenons catheter placed in her right heart. Each patient
received a.single'dese of 6-18 mCi containing'l4-6d mg of the caseidin.
_No patlent experienced any discomfort from the dose. Prior to the
1ntravenous admlnlstratlon, each patient recelved a test dose of 0.5
pg. of the caseldln-1ntracutaneously to produce a 5—mm wheal. None
had any feaction.to the test dose. In each case, the wheal simply
faded over 30-40 min.A The skin test was similarly negative when it
wasvrepeated with 0;5 and 5 pg doses in each of four patients 2-3 e
weeks after the 1ntravenous administration of the ®°MTc-caseidin.

Renal imaging was performed using a scintillation camera with a
',perallel 5800—hole'coll;mator or a 3/16—1nch pinhole collimator. Thek
natient lay prone'for posterior viewing. When the pinhole cbllimatof -

was used, ‘the pinhole—to—baek distance was 1.5-2.5 inches.
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Té stﬁdy ®®M7c disappearance from the blood,  the blood concen-
'tration of the radiéisotope afAvarying times after the administration
was measufed, plbtted,.extrapolated back to zero time, and expressed
as'perceﬁt of the value of the zero time extrapolate. The fraction:
of administered dose exéreted in the urine was determined by compar-
ing tbe tecﬁnetium content of collected urine with an appropriate
standard. Whoié body scanﬁing was perfqrmed using a whole body scan-
ner previously described (8). (

Results

Distribution and excretion in patients without renal disease

gngc activity disappearance from the blood was measured follow-
“ing intravenous administration of the ®®MTc-caseidin in four patients.
' Fig. 1 shoWs the«reSul£s obtained. The disappearance was initially
rapid with a 50% disappearance time of about 14 min, becoming.slower
after‘about 30.min with about one fourth of the initial blood activity
léft in the.circulation at 2‘hr. The disappearance data could be des-
cribed withfa sum of three exponential terms, each accounting for the
disappearance of approximately one third of the initial blood activ-
ity with a half time Qf 3 min, 10 min, and 3.5 hr, respectively. The

. initial diStfibution volume inAthese.four patients varied from 7 to

- 12 liters and was generally greater than the anticipated blood volume

in these patients. o ' R

In two patients,'serial whole body scanning following fhe admin-
istration showed a rapid. and progressive renal clearance of the blood.
aétivity (Fig. 2). A substantial poftion of the administered tech-
netium was retained inithé kidneys. Of the dose, an average of 19%.

(range 15-244, 7 patienté) was found in the urine at 2 hr, and 27%
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(range 22—33%, 4 patients) at 4 hr.

R

Renal Imaging

Renal scintigraphy with the ®8Mpe.caseidin was pefformed in
twenty patients. From all available clinical daté? sixteen of the
twenty patients wereM;udged to have eésentially normal kidneys, and
four to have renal disease. In bhe patient, a hypoplastic left kid-
ney incapable of concentrating hypaque could not be visualized with
the 99mTc-caseidintduring the first 3 hr after its administration.

In a.child suffering from_sgpacute renal failure with blood urea ni-
trogen over 100 mg/lod ﬁl, dnly'a minimal activity over the background
was found. in the region oflthe kidneys 3 hr after the administrétion
of the ®9MTc-caseidin. We concluded that grossly malfunctioning kid-
neys could not be visualized with 9MTc-caseidin.

| Adequatély functioning‘kidneys showed prompt concentration of
the ®®MTc_caseidin. Fig. 3 shows abnormal renal scintiphotos in pa-
tients S.W. and S.C. S.W. had acromegaly. An avascﬁlaf (Fig. 3,A)
réuhd (Fig.t3;c)'1esion‘in the midportion of her left kidney suggested
a solitary cysf. When a "close-ﬁp“ was obtained with a small pinhole
collimator,‘the lesion appeared as a circumscribed area devoid of
. outer cortical sﬁbstance (Fig. 3,D). S.C. had polycythemia. An avas-
cu;af lesion was noted in the upper pole of his right kidney, and the
_defeét-appeared to be in the posterblateral aspect of the upper pole-
 (Fig. 3,F-J. First-passage views not shown). Fig. 3 further shows
'the,féiloWingAresuits} First, diagnostic renal images could be ob-'
tained with a dose-to-imaging intérval'as short as 5 min (Fig. 3,B and
F). Second, kidney/background contrast increased with time after the

first few minutes. Multiple viewing'and excellent delineation of the -
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entire.kidney were possible throughout the following hours (Fig. 3,

: B-J). Third, throughout the first few hours, urinafy activity in the
renal pelvis was never substantial enough to interfere with delinea-
tion of the renal cortex (Fig. 3, G-J), Fourth, with a 10-15 mCi
dose, sufficient renal ®°Mc concentration could be attained to allow
for practical use of a.3/16-inch pinhole collimator resulting in im-
provedAresolution in fenal scintiphotography.

When the high resolution pinhole coliimator was used, the renal
scintigraphic image obtained showed a non-uniform distribution pat-
tern of renal activit& in all patients studied. Fig. 4 shows the
‘renal image in three patients felt to have "normal" kidneys. The
non-uniform pattern varied between the two kidneys in the same pa-
tient and from one patient to another. However, in ail cases, the
actiyity was locallzed primarily in the renal cortex. One source of
.the variation in the image pattern appearéd fo be a variable degree
of collection of'urinary'activities in the region of major calyces
(Fig.- 4, C and H-J). -Small major calyces seen on intravenous pyelo-
grams were never found to be associated with visible activity cpllec-
tions at correspond;ng locations on scintiphotos. Periodic breath
hoiding was not employed in obtaining the iméges'shown in Fig. L,

The pinhole-to-back distance‘changed slightly with respiration tO'a.
varying degree in individuai patients. Such a change in the position
of the kidney relative to the pinhole was noted to cause a variable
degfadation of the non-uniform image pattefn. In serial images of
the same kidney, feafures of the image pattern tended to remain un =
»changed with a slight accehtuation of the same features with time

(Fig. 4, E-G and H-J).
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Discﬁssion

This study demonstrates that 98Mpe Jabeled caseidin is promptly
concentrated By human kidneys’and allows for stétic scintiphotog-
raphy of adequately functibning'kidneys within several minutes after
its administration as well as for evaluation of their vascular pef-
fusion. In this regard, ®SMTc-Fe-ascorbate complex (3) has a simi-
lar capability in that it can be used to pefform both perfusion and
static studies of the kidneys (4). However, renal localization of
the ®®MTc-Fe-ascorbate appears to occur more slowly and to a lesser
extent as compared to ®®MTc-caseidin (5). 1In the ciinical experienée
of others with the 99Mpc-Fe-ascorbate, kidney/background ratio reaches

a level sufficient for renal imaging in about 1 hr post-injection with

| optimum results usually obtained by 3 hr (4).

It was found in thils study that following administration of the
99MDe_caseidin, a substantial portion of the technetium was cleared
by the kidney and retainéd in the cortex and that approximately 1/5

and 1/4 of the dose were excreted in the urine in 2 and 4 hr, res-

;pectively. This rate of urinary excretion of the technetium is simi-

lar to that of a 293Hg-neohydrin determined in humans (9,10). Such cor-
tical retention and slow urinary excretion of the label in the case
of the 99MTc_caseidin stands in contrast to the case of many radio-

active chelates (11,12). These other radiocactive chelates, which

‘include °SMTc-DTPA (13), are rapidly excreted in the urine and are

not retained to a great degree by the kidneys (12). The rapid ex-
cretion of radiocactive chelates is associated with a rapid and sub-
stantial collection of urinary activity in the renal collecting sys-

tem (4,11). This urinary activity may introduce "artefacts" (4).
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with regard to evaluation of renal cortical 1ntegrity; aCtivity in

the renal pelvis can interfere with detecting lesioﬁs located in the
hilar region of the renal parenchyma in posterior and anterior viewing.
It can also interfere with visualizing laterally located lesions in
oblique viewiné. With ®8Mme 1abeled renal-cortical localizing agents,
the probiem related to activities in the collecting system is mini-
mal, and ample time is availaﬁle for multiple viewing (1).

"This study further demonstrates the feasibility of using the
99Mmc_caseidin in conjunction with a small pinhole collimator for
improted resolution in renal iméging. It seems likely that the im-
proved resolution obtained and the possibility of multiple viewing
would provide an improved accuracy in detecting small mass lesions
involving outer cortical substance of the kidneys. "Anatomical
features" of'the image so obtained may be expected to depend on dis-
tribution of cortical substance in the reeallparenchyma, spatial ex-
tent of the renal sinus, and residual activity in the colleeting sys-
tem. »Respiratory movement of the kidney with respect to the pinhole
during the imaging tends in effect to "avefage out" the non-uniform
activity distributien in the kidneys end can'degrade the information
content obtainable ih the renal image. |

Caseidin, a small polypeptide of molecular weight about 2,500
(;i), is stated to be nontoxic and nonantigenic in gram quantities .
in mice and rabbits (li). It is produced by controlled hydrolysis
of the milk protein, casein (14). The casein is also the usual base
in the manufacture-ef'protein hydrolysate (;é), a therapeutic for
intravenous use (ll)- "This hydrolysate contains short-chain peptides

in addition to individual amino acids (16). Toxicity and antigenicity
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'of short-chain peptides that may form following degfadation of ca—l
seidin‘ig vivo would seem unlikely in humans. Adverse reactions were. -

- not encountered in the twenty petients etudied. However, further data
‘are necessary,to‘establish the safety of routine use of thie effective

radioisotope carrier for renal imaging.

7 Summary

_ Triai iﬁ twenty}patients with a °°MT¢ labeled polypeptide, ca-
Seidin, has shown'it tQ be an effectiQe agent for renal imaging in
humans. It was found to eoncentrate in the cortex of functioning
kidneys following_intravenoue administfation. The concentration Was
prompt, sustained, and high enough to allow dose-to-imaging intervéls
as short as 5 min, ample time for multiple imagihg, and practical use'
-of e small pinhole cellimator for impreved resolution in the imaging
of kidneys. | |

'No adverse effects frem the adminietration of this material was
eneountefed in this limited trial study. Definitive evaluation. of
thelsafety of‘this effective renal imaging agent requires further

study.
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Figure Legends

Fig. 1. Technetium disappearance from the blood following intra-

- venous administration of °°MTc-caseidin in four patients without

renal and cardiac disorderé. A fitting function and its three ex-

ponential components are shown. .

Fig. 2. Whole body scan’(posterior view at 8 min, 17 min, and 2
hr) with 99MTc-caseidin in a patient without renal and circulatory
disorders showing rapid and‘progressive renal clearance of the tech-

netium and renal retention of a substantial portion of the adminis-

‘tered technetium. The bladder was not empﬁied fbllowing_the ad-

ministration until after the scan was obtained.

Fig. 3. fwo positive renal studies iﬁ pétients S.W. and S.C. with
12 (s.W.) and 6 (S.C.) mCi of 9%MTc-caseidin illustrating capabil-
ities of 99mchcaseidin as a renal imaging agent. Scintiphotos C,
I, and J are oblique views as indicated, all others posterior.
Scintiphotos D and E were obtained with a 3/16—inch pinhoie colli-
mator, all others with a parallel 5800-hole collimator. Time indi-
cated is dose-to-imaging interval. Exposure time/image was 3 sec
for A and 5 min for D and E. Accumulated counts/image was 600,QOO

for all except A.

Fig. 4. Scintiphotos of essentialiy normal kidneys obtained with .
99Mpe_caseidin and a 3/16-inch pinhole collimator in three patients
showing cortical localization of the technetium and various patterns
of the renal image obtained. All scintiphotos are posterior views.
Indicated time is dose-to-imaging interval. The dosé was 9 (E.M.),
6 (L.C.), and 12 (B.L.) mCi. Exposure time/image was 5 ﬁin for,A-D;

and 3 min for_E:J. Accumulated counts/image was 250,000 for A and

B, and 550,000 for C-J.
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