
ORIGINAL ARTICLE

Joel E. Wright á Maria Pardo á Anatoly Tretyakov
Wendy L. Alperin á Dorothy Trites á Andre Rosowsky

Pharmacokinetics, antifolate activity
and tissue distribution of PT523 in SCC VII tumor-bearing mice

Received: 8 August 1997 /Accepted: 12 November 1997

Abstract Purpose: To monitor the pharmacokinetics of
PT523 and methotrexate in C3H mice with trans-
planted SCC VII tumors; to compare the impact of
PT523 and methotrexate on tumor and normal host
5,10-methylenetetrahydrofolate levels; and to synthesize
[14C]PT523 and determine its time-dependent tissue
distribution in tumor and host tissues. Methods: C3H
mice bearing SCC VII tumors were given i.p. PT523 or
methotrexate. Plasma drug levels and tumor, gut and
marrow 5,10-methylenetetrahydrofolate were assayed.
[14C]PT523 was synthesized and administered i.v. to
tumor-bearing mice for tissue distribution analysis.
Results: Areas under the curve, mean residence times,
whole body clearances, apparent distribution volumes,
and plasma protein binding of PT523 vs methotrexate
were, respectively, 4311 vs 6472 lM á min±1; 20 vs
16 min; 0.56 vs 0.36 ml á min±1; 532 vs 325 ml á kg±1;
and 70% vs 30%. Both PT523 and methotrexate caused
time-dependent declines in 5,10-methylenetetrahydrofo-
late in tumor and gut mucosa, but not in marrow. Gut
levels began to recover within 4 h in the PT523-treated
group only. [14C]PT523 distributed mainly into the liver,
duodenum, kidneys, lungs, tumor, pancreas and muscle;
less into the spleen, blood cells, heart, brain and testicles;
and very little into bone marrow. Only 35% of the dose
was excreted, and 2.9-fold more in feces than urine.
Conclusions: Despite its more rapid clearance, accumu-
lation of PT523 in extravascular tissues was greater than

that of methotrexate. Consequently, less PT523 was re-
covered in feces and urine and its apparent volume of
distribution was greater. PT523 selectively depleted 5,10-
methylenetetrahydrofolate pools in tumor and, less
persistently, in gut mucosa, but spared the marrow.
[14C]PT523 tissue distribution correlated with organ
mass and blood supply.
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Introduction

A number of studies have shown that resistance to the
classical antifolate, methotrexate (MTX), may result
from its inadequate polyglutamylation within certain
tumors [14±16]. Such tumors have low folyl polygluta-
mate synthetase (FPGS) [1, 2, 4, 18, 28, 40] or high folyl
polyglutamate hydrolase (FPGH) activity [25]. Among
the three newer agents now in clinical trials that specif-
ically target dihydrofolate reductase (DHFR), only one,
edatrexate, is an FPGS substrate. The other two,
trimetrexate and piritrexim, are not capable of being
glutamylated. Nonetheless, they possess potent, selective
antineoplastic activity [7]. Such agents may be particu-
larly useful for avoiding natural resistance [24, 32] and
overcoming acquired resistance to antifolate chemo-
therapy [23].

This understanding has prompted the development
of a new generation of nonpolyglutamatable antifo-
lates. Some of these compounds resemble trimetrexate
and piritrexim, since they lack a glutamyl sidechain.
Such structures represent a major departure from
classical antifolates like MTX. In our laboratory, a
series of structure-activity studies have indicated that
more moderate changes in the terminal c-carbon region
of the aminopterin (AMT) structure would be bene®-
cial [35].

A promising outcome of this strategy has been the
development of Na-(4-amino-4-deoxypteroyl)-Nd-hem-
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iphthaloyl-L-ornithine, PT523, a potent aminopterin
analogue in which the glutamyl moiety has been re-
placed by Nd-hemiphthaloyl-L-ornithine [34, 38]. Re-
tention of the A, B and C rings of AMT, and its a-
carboxyl group, and the introduction of a phthalamide
tail have a�orded a water-soluble product that selec-
tively penetrates tumor cells via the reduced folate car-
rier (RFC) and may utilize additional cellular transport
mechanisms, as recent studies have indicated [30, 34, 42].
The phthalamide group also makes a substantial con-
tribution to DHFR binding by interacting with three
amino acid residues in the enzyme's binding site, Pro 26,
Arg 28 and Phe 31 [13, 22]. In consequence, the Ki of
PT523 as a competitive inhibitor of human DHFR-
catalyzed reduction of dihydrofolate is 0.35 pM, 15-fold
lower than that of MTX [3, 22].

The present study re¯ects our continuing interest in
the pharmacologic and toxicologic properties of PT523
[22, 30, 34, 37, 38] and had the following speci®c aims: to
analyze the plasma pharmacokinetics of PT523 and
MTX in a murine tumor model; to compare the impact
of PT523 and MTX on 5,10-methylenetetrahydrofolate
(CH2THF) levels of tumor and normal host tissues;
to synthesize [C-ring-UL-14C]Na-(4-amino-4-deoxypte-
royl)-Nd-hemiphthaloyl-L-ornithine ([14C]PT523); and
to determine the time-dependent distribution of
[14C]PT523 in tumor and normal host tissues.

Materials and methods

Reagents and tissues

PT523 and Na-(4-amino-4-deoxypteroyl)-L-ornithine (APA-orn)
were synthesized as described previously [37]. Na-(4-Amino-4-
deoxy-7-hydroxypteroyl)-Nd-hemiphthaloyl-L-ornithine (HOP)
was prepared from PT523 and partially puri®ed rabbit liver alde-
hyde oxidase as part of another study [43]. MTX was a gift from
Lederle Laboratories, Pearl River, N.Y. These compounds were
>97% pure by high-performance liquid chromatography (HPLC)
and ultraviolet spectrophotometry. [6-3H]-5-Fluorodeoxyuridine-
5¢-monophosphate (3H-FdUMP) was obtained from Moravek
Biochemicals, City of Industry, Calif., and its purity checked reg-
ularly by HPLC. Recombinant Lactobacillus casei thymidylate
synthase (TS) was prepared and puri®ed as described previously
[31], using an Escherichia coli vector donated by Dr. Daniel Santi,
University of California, San Francisco. The SCC VII tumor, a gift
from Dr. Martin Brown, Stanford University, Palo Alto, Calif., is a
squamous cell carcinoma line initially derived by Dr. Herman Suit
at the Massachusetts General Hospital, Boston, Mass, from the
spontaneous abdominal wall tumor of a C3H mouse.

Stability of PT523 in solution

Acetate solutions at pH 5.0, 6.0, 7.0, 8.0 and 9.0 were prepared by
titration of 0.4 M sodium acetate and 0.4 M acetic acid. To 4.95-ml
aliquots of each stock solution was added 0.05 ml of 5 mg á ml±1

disodium PT523. Samples at each pH value were monitored for 5
days. One set was kept in the dark at 4 °C, another in the dark at
22 °C and the third at 22 °C, under ordinary ¯uorescent lighting. A
0.05 mg á ml±1 solution of PT523 was prepared in distilled water
and maintained at 22 °C and another in pH 7.0 sodium acetate-
acetic acid solution at 37 °C, both protected from light. Each
solution was assayed daily by HPLC on a C18 column, 5 mm di-

ameter x 100 mm long, eluted with 6% v/v acetonitrile in 0.13 M
ammonium acetate (AmAc), pH 6.8, at 1 ml á min±1. The retention
volume of PT523 was 13.3 ml (HPLC method 1).

Pharmacokinetics of PT523 and MTX in tumor-bearing mice

Injectable PT523 was prepared by dissolving the free acid in two
equivalents of NaOH. MTX formulated for clinical use was dis-
solved in sterile water. A group of 11 C3H male mice received
2 ´ 106 SCC VII tumor cells subcutaneously (s.c.) over the right
¯ank and were treated with intraperitoneal (i.p.) drug when the
median diameter was 6 mm along the long axis. A saline-treated
control was sacri®ced at 60 min. The other mice were treated with
77 lmol á kg±1 PT523. One was sacri®ced immediately, and the
others at 5, 10, 15, 20, 40, 60, 80, 100 and 120 min. The procedure
was repeated with 77 lmol á kg±1 MTX. Since we had not deter-
mined whether or not PT523 pharmacokinetics were linear (AUC
proportional to dose), equimolar doses were chosen for direct
comparison of exposure and clearance. The blood was collected by
cardiac puncture into heparinized syringes and centrifuged at 5500 g
for 15 min at 4 °C. For analysis of ultra®ltrable PT523 or MTX,
approximately 350 ll of each plasma sample was deproteinated
through a Millipore Centrifree ultra®lter. For analysis of total
PT523 and MTX, samples and standards were treated with two
volumes of absolute methanol, centrifuged at 16 000 g for 20 min
and the supernatants collected. An internal standard, N,N-di-
methylaminobenzoic acid (DABA) was added to a ®nal concentra-
tion of 5 lM. Samples and standards were analyzed by HPLC on a
5-mm diameter ´ 100-mm long C18 column with 7% v/v acetonitrile
in 0.1 N AmAc, pH 6.0, at a ¯ow rate of 2.3 ml á min±1 (HPLC
method 2). Retention volumes for PT523, MTX and DABA were
30.6, 33.3 and 43.2 ml, respectively. Five replicates were performed.

Standard pharmacokinetic parameters, area under the concen-
tration (C) vs time (t) curve (AUC, lM á min), area under the C ´ t
vs t curve (AUMC, lM á min2), whole body clearance (Clt,
ml á min±1), steady-state volume of distribution (Vap, mlákg

±1) and
mean residence time (MRT, min) were calculated by noncom-
partmental analysis [20].

CH2THF pool size

Tumor, intestinal mucosa, and marrow from the long bones were
harvested from the mice used for the pharmacokinetic experiments,
kept at 4 °C, treated with 0.8% ammonium chloride, washed with
phosphate-bu�ered saline, extracted as previously described, and
assayed for total CH2THF content by the method of Priest and
Doig [33, 44]. Protein content (in milligrams) was determined by the
Bradford dye-binding method [10]. Samples were frozen at ±75 °C
between assays. Five replicates were performed on di�erent days.

Preparation of [14C]PT523

An 88.5 mg, 192 lmol portion of APA-orn was ®nely pulverized in
5 ml N,N-dimethylformamide (DMF) by 45 min of sonication in
an ultrasonic cleaning bath. The suspension was kept at 20 °C and
166 lmol [ring UL-14C]phthalic anhydride (5 mCi) was added. The
suspension dissolved rapidly. After 3 days at 22 °C, the DMF was
evaporated. The residue was puri®ed in four equal batches by
preparative HPLC on a 25 mm ´ 100 mm Prep Pak C18 column.
The eluent was 0.01 M AmAc, pH 7.7, with a 45-min linear ace-
tonitrile gradient from 5% to 12% v/v. The ¯ow rate was
10 ml á min±1. The product was collected in the 200Ð275-ml frac-
tion and analyzed by HPLC or a 5 mm dia ´ 100 mm long C18
column. The AmAc pH was 4.0 and a 90-min linear acetonitrile
gradient from 0% to 20% was used with a 1 ml á min±1 ¯ow rate
(HPLC method 3). Fractions of 0.5 ml each were also analyzed by
liquid scintillation counting (LSC). Nonradioactive standards had
the following approximate retention volumes: phthalic acid, 9 min;
HOP, 23 min; and PT523, 33 min.
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Tissue distribution of [14C]PT523 in a murine tumor model

Five male C3H mice weighing 30 � 4 g received 2 ´ 106 SCC VII
tumor cells s.c. in the right ¯ank. Tumor diameters were deter-
mined daily by two-dimensional caliper measurements [5]. When
the median for the group reached 6 mm along the long axis,
15 lmol á kg±1 [14C]PT523, speci®c activity 10 000 dpm á nmol±1,
was injected through the tail vein.

The mice were placed in metabolic cages. At 0.25, 1 or 6 h after
injection, a mouse was removed and sacri®ced by cervical dislo-
cation. At 24 h, two mice were used. The visceral membranes and
rib cages were opened with dissecting scissors, taking care to avoid
nicking any organs. Blood was collected from the vena cava into a
1-ml heparinized syringe with a 23 gauge needle.

The blood samples were centrifuged at 5500 g for 15 min at
4 °C, pellets collected, washed with phosphate-bu�ered saline, and
stored at ±80 °C. The bladder urine was collected, pooled with the
cage urine, weighed and frozen at ±80 °C. The long bones, kidneys,
liver, spleen, heart, lungs, pancreas, testicles, brain, ¯ank muscles,
small intestine, colon and tumor were excised and the feces were
collected. The marrow was harvested by forcing 500 ll of phos-
phate-bu�ered saline through the shafts of the long bones with 23
gauge needles. The small intestine and colon were opened length-
wise for removal of the contents, washed with ice-cold phosphate-
bu�ered saline, weighed, frozen in glass vials on dry ice and stored
at ±80 °C.

The frozen samples were homogenized at 4 °C with the aid of
1.0 ml distilled water in a Branson biohomogenizer. Except for one
of the additional mice treated with PT523 for 24 h, plasma, urine,
homogenized organs, blood cells and feces were digested for 24 h at
room temperature with 0.1 volume of 10 N NaOH, neutralized
with 1 N acetic acid and analyzed by LSC. Quench determinations
were performed for each sample. For analysis of possible metab-
olites, homogenized samples from a second mouse sacri®ced at 24 h
were mixed with 3 volumes of methanol and centrifuged at 23 000 g
for 20 min. The supernatants were evaporated under nitrogen at
45 °C, and analyzed by HPLC method 3. Three replicates were
performed.

Results

After 5 days in the dark, PT523 solutions kept between
pH 5 and pH 9 showed <1% decomposition at 4 °C,
but at 22 °C, the pH 5 solution decomposed with a half-
life of 2.9 days. At 37 °C, the half-life of the pH 7 so-
lution was 70 days. Solutions of disodium PT523 were
stable for ³5 days at pH 8 and 22 °C in the dark. After 1
day under ¯uorescent lighting, the pH 8 samples were
50%, pH 9 samples 93%, and pH 5±7 samples 100%
decomposed.

Figure 1 shows C vs t plots for 77 lmol á kg±1 MTX
and PT523. Peak times (tmax) of total MTX and PT523,
were 10 and 15 min. Corresponding peak concentrations
(Cmax) were 306 and 115 lM. The respective AUC
(lM á min), MRT (min), Clt, (ml á min±1), and Vap,
(ml á kg±1) of total MTX (mean � standard deviation,
n = 5) were 6472 � 91, 16 � 3.2, 0.36 � 0.005, and
325 � 110; and those of total PT523 were 4311 � 604,
20 � 3.6, 0.56 � 0.08 and 532 � 103. MTX was 30%
and PT523 was 70% reversibly bound to plasma mac-
romolecules.

Within 20 min of administration of PT523, tumor
CH2THF fell from 1.4 to 0.2 nmol á mg±1 protein and
remained low for ³240 min. With MTX, the same
20 min nadir was seen, but from 80 min after injection,

CH2THF pools gradually rebounded. By 240 min after
injection, mean levels had reached 1.1 nmol á mg±1

protein (Fig. 2). Cytosolic pools of CH2THF in the gut
and marrow were also monitored (Fig. 3). Within 5 min
of PT523 injection, CH2THF levels in the gut had
dropped from 0.9 to 0.1 nmol á mg±1 protein, where they
remained for approximately 90 min. By 240 min, levels
had recovered to 0.4 nmol á mg±1 protein. With MTX,
20 min was required to reach a nadir of 0.2 nmol á mg±1

protein. Recovery after PT523 administration resembled
that after MTX administration. Marrow levels of
CH2THF were not substantially altered by PT523 or
MTX.

Fig. 1 Plot of plasma concentration versus time after administra-
tion of 77 lmol á kg±1 MTX (solid line) or PT523 (dashed line).
Semi-bars one-half the standard error of the mean of ®ve
determinations

Fig. 2 Plots of SCC VII tumor cytosolic pools of CH2THF versus
time after i.p. bolus administration of 77 lmol á kg±1 PT523
(above) or MTX (below). Bars standard error of the mean of ®ve
determinations

302



From the synthesis of [14C]PT523, Fig. 4, 80 lmol
were obtained, a 46% yield, based on [14C]phthalic acid,
speci®c activity 30 Ci á mol±1, radiochemical purity
95%. The tissue distribution of [14C]PT523 is shown in
Fig. 5 and 6. Maximum uptake into kidney and duo-
denum came 1 h after injection, in colon after 6 h, and
in other organs, tumor, and packed blood and marrow
cells within 15 min. After 15 min, 26% of the dose was
in the liver, 6% in the tumor, other organs, marrow and
packed blood cells, 2% in the urine, none in the feces,
and 66% was unrecovered. At 1 h, 15% was in the
washed small intestine, 8% in the liver, 8% in the urine,
2% in the kidneys and 2% in the tumor, other organs,
marrow and blood cells; fecal 14C was miniscule, and
65% was unrecovered. At 6 h, 18% was in the feces,
13% in the urine, 1% in the organs, tumor, marrow and
blood cells, and 68% was unrecovered. At 24 h, 26% of
the dose was in the feces, 9% in the urine, <1% in the

organs, tumor, marrow and blood cells, and 64% was
unrecovered.

No measurable [14C]phthalic acid or [14C]HOP was
found in feces, blood cells or organ extracts 24 h after
PT523 treatment. Of the total injected 14C, >95% was
[14C]PT523, indicating no signi®cant cleavage of the
phthaloyl group or other metabolism. Minor changes in
composition were seen in tumor, liver and urine chro-
matograms (Fig. 7). In the tumor extract, >92% of the
total counts per minute were [14C]PT523. Five small,
unidenti®ed peaks also appeared. The liver extract
contained 12% of its 14C as HOP, the only detected
metabolite. Two peaks from the 24-h urine had the same
retention volumes as HOP and phthalic acid. They
comprised, respectively, 5% and 9% of the total urinary
14C. Three small, unidenti®ed radioactive peaks also
appeared in the chromatogram.

Discussion

Stability tests showed that a sterile water solution of
disodium PT523 in an amber bottle was the appropriate
parenteral dosage form.

Comparison of tmax values showed that absorption of
PT523 from the peritoneal cavity was slower than that of
MTX. The rate of MTX transport from the peritoneal
space to the circulation is proportional to the perme-
ability-area product (PA, ml á min±1) of the peritoneal
membrane [11]. For water-soluble drugs, PA is inversely
proportional to the square-root of molecular weight [17].
The reported value for MTX was 8 ml á min±1; hence

Fig. 3 Plots of small intestinal mucosal (left) and bone marrow
(right) cytosolic pools of CH2THF versus time after administration
of 77 lmol á kg±1 PT523 (above) or MTX (below). Bars standard
error of the mean of ®ve determinations

Fig. 4 Reaction schematic for the synthesis of [14C]PT523 from
APA-orn and [ring UL-14C]phthalic anhydride. The asterisk
indicates general labeling of the six ring carbons with 14C

Fig. 5 Content (nanomoles, upper panel) and level (nanomoles per
gram wet weight, lower panel) of 14C in C3H mouse tissues
identi®ed as determinants of MTX disposition [8] at 0.25 (black),
1.0 (dark gray), 6.0 (light gray) and 24 h (white) after i.v.
administration of a 15 lmol á kg±1 bolus of [14C]PT523
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that of PT523 is 7 ml á min±1. Pharmacokinetic analysis
showed that the AUC of PT523 was 33% less than that
of MTX, owing to its more rapid Clt. Bischo� et al. have
found that MTX is 25% protein-bound in their mouse
model [8]. In ours, MTX was 30% reversibly bound to
plasma proteins and a proportion was incorporated into
cells and tissues. A greater fraction of PT523, 70%, was
reversibly bound to plasma proteins, yet its Vap

(532 ml á kgÐ1) was greater than that of MTX (7.2 times
the blood volume). The Vap of MTX (325 ml á kg±1) was
4.4 times the blood volume (51 ml.kg±1), but only 42% of
total body water (766 ml á kg±1), for a 30-day-old mouse.
When Vap is 100±400 ml á kg±1, t1/2 is a function of tissue
binding only [6]. From these data we conclude that more
PT523 than MTX partitioned into extravascular cells
and tissues [19].

CH2THF levels, monitored for 4 h after MTX or
PT523 administration, showed a decline in tumor to
10% of baseline within 20 min. At 4 h after MTX
treatment the CH2THF pool returned to 85% of the
baseline value, but with PT523 there was no recovery.
The more persistent antifolate e�ect of PT523 is con-
sistent with its ability to inhibit the growth of SCC VII
cells in vivo [38].

Although MTX polyglutamates may target other
folate-metabolizing enzymes [1, 2], the principal target
of MTX and PT523 is DHFR [29]. In mice, mucositis is
the dose-limiting toxicity of MTX [26]. CH2THF de-
pletion of gut mucosa by PT523 may be more severe and
rapid (90% inhibition within 5 min) than that of equi-
molar MTX (70% inhibition within 20 min). After 4 h,
similar recovery is seen with both drugs. In bone mar-
row, neither drug appears to decrease CH2THF levels
signi®cantly.

Fig. 6 Content (nanomoles, up-
per panel ) and level (nanomoles
per gram wet weight, lower
panel ) of 14C in SCC VII tumor
and C3H mouse tissues identi-
®ed as determinants of MTX
antifolate activity [43] at 0.25
(black), 1.0 (dark gray), 6.0
(light gray) and 24 h (white)
after i.v. administration of a
15 lmol á kg±1 bolus of
[14C]PT523

Fig. 7A±C Radiochromatograms of (A) tumor cytosol, (B) liver
cytosol, and (C) urine collected 24 h after i.v. administration of a
15 lmol á kg±1 bolus of [14C]PT523. Black peaks cpm of [14C],
dotted peaks A190 of nonradioactive standards for (a) phthalic acid,
(b) 7-hydroxy-PT523, and (c) PT523
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[14C]PT523 was synthesized for use as a tissue dis-
tribution tracer by acylation of APA-orn with
[14C]phthalic anhydride. Within 15 min of its i.v. ad-
ministration to tumor-bearing mice, the largest amount
of [14C]PT523 was in the liver. After 1 h, the liver con-
tent decreased slightly, but that of the duodenum rose
abruptly, and 5 h later the colon level increased. Similar
patterns have been reported for MTX in tumor- and
non-tumor-bearing mice [9, 41, 45].

In an earlier study, Bischo� et al. cannulated the bile
ducts of mice prior to i.v. administration of MTX and
found bile concentrations 300-fold greater than plasma
levels. Biliary excretion resulted in peak gut levels 1 h
after injection. Owing in part to enterohepatic recircu-
lation [8], MTX recovery from urine exceeded that from
feces. Recent work has shown that MTX is excreted into
bile via the cMOAT transporter [27], which has been
cloned and characterized [39]. We did not analyze PT523
in bile, but the high gut levels at 1 h are consistent with
biliary excretion. We also detected maximum colon
levels of PT523 at 6 h, and found substantial amounts in
the feces. Henderson et al. administered 33 lmol á kg±1

MTX and 24 h afterward found 55% of the dose in the
urine and 40% in the feces. The urine/feces ratio was
dose dependent: 24 h after a 1.1 lmol.kg±1 dose, 79%
was in the urine versus 10% in the feces [21]. In the
present study with 15 lmol á kg±1 PT523, only 9% was
in the urine versus 26% in the feces at 24 h. Apparently
less PT523 is enterohepatically recirculated.

As shown in Figs. 5 and 6, more elevated levels
(nmol±1 á g wet weight of tissue±1) and content (nmol)
of PT523 were found in the liver, gut, kidney, lung and
pancreas at all time-points. The high PT523 content of
gut and tumor, but not of bone marrow, are consistent
with the changes in their respective CH2THF pools
(Figs. 2 and 3). Similar patterns have been reported
by Zaharko et al. for incorporation of 3H from
3H-deoxyuridine and 3H-deoxythymidine into DNA
during and after 48 h of continuous MTX infusion
into mice [46].

An additional cytotoxicity mechanism is possible for
PT523 if the hemiphthaloyl group is removed by me-
tabolism or chemical decomposition within cells. The
product, APA-orn, is an inhibitor of FPGS [12]. Ra-
diochromatograms of tissue extracts revealed traces of
phthalic acid, but only in the urine (Fig. 7). Extracellular
APA-orn did not appear to penetrate tumor or host
tissues, in agreement with our earlier studies with cell
lines in tissue culture [36].

In summary, clearance of PT523 was 50% more rapid
and plasma protein binding 2.3-fold greater than that of
MTX. Its greater volume of distribution and diminished
excretion showed that PT523 partitioned more exten-
sively than MTX into extravascular tissues. PT523
elimination was consistent with substantial biliary se-
cretion, but less enterohepatic resorption than with
MTX. In its antifolate e�ect, PT523 targeted SCC VII
tumor and, less persistently, gut but selectively spared
bone marrow. PT523 distributed predominantly into the

larger organs with a better blood supply: liver, gut, and
kidneys.
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