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Abstract Purpose Anesthetics can alter the biodistribuKey words Anesthetics Drug biodistribution- Carbo-
tion profile of drugs and, consequently, the regional phaptatin - Pharmacokinetics 195mPt - PK-imaging
macokinetics of antineoplastic drugs at the tumor site. The
effect of coadministered anesthetics on the biodistribution
profile of carboplatin was studied in ratglethods Female
Wistar rats were used to compare the effects of ketamingtroduction
xylazine, thiopental and pentobarbital on the biodistribution
of 30 mg/kg radiolabelled®smPt-carboplatin administeredNoninvasive pharmacokinetic imaging studies, such as the
intravenously, with conscious rats as the control groupnes performed in our laboratory, require that the animal be
Blood and urine samples were collected between 5 arebtrained (e.g. through anesthesia) over varying periods of
120 min. Results The percentage values of the injecteime. Previous investigations designed to assess the influ-
dose of platinum per ml (%ID/ml) in plasma at the finaknce of anesthesia on renal function have generally found
time-point were respectively, 0.557%, 0.156%, 0.115% amelductions in water and electrolyte excretion, which in most
0.086%, in pentobarbital-, ketamine/xylazine- and thiopenases has been associated with a reduction in glomerular
tal-injected rats, and in conscious animals. Following ttfiitration rate (GFR) [8, 16]. In preliminary biodistribution
same sequence of groups, the %ID/ml values of platinumstudies of carboplatin, we observed significant variability in
the cumulative urine were 0.001%, 0.619%, 0.184% amptharmacokinetic parameters, suggesting that the coadmi-
0.118%, respectively. Urine output varied from very little imistered anesthetic may have a significant effect on a’drug
the pentobarbital group, to several milliliters in the othesiodistribution and terminal pharmacokinetics. The present
groups.ConclusionsThere was an increase of almost 100study was conducted to determine whether different anes-
fold in total platinum uptake in the kidneys, cerebrum anghetics would have differential effects on the biodistribution
cerebellum of rats receiving pentobarbital over the uptaked the renal excretion of antineoplastic drugs of the
in the control rats, whereas the biodistribution profile of thglatinum family, with which renal side effects may be of
thiopental group had the least variance. These resudifhical concern. Carboplatircis-diammine (1, 1-cyclobu-
demonstrate the importance of anesthetic selection in aginedicarboxylato)platinum(il)] was selected for this study
mal pharmacokinetic studies, as it influences the biodistgince it is a very promising and commonly used second-
bution and pharmacokinetic profile of the drug beingeneration platinum compound. This drug is commonly
studied. used for ovarian, small-cell lung, testicular, cervical, and
head and neck cancers [1, 11, 14, 15, 20].
. . . Carboplatin, when compared with cisplatircigdi-
adiopharmacy Program . . . s
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carboplatin has a longer ultrafilterable half-life and a higheeeded. The cannula was used to administer the carboplatin dose, to
urine cumulative level than cisplatin, its irreversible prcgive maintenance anesthetic dosages as needed, and to withdraw the

. - . s lood samples at the predetermined time-points.
tein-bound terminal half-life of 5 to 6 days is similar to thaf For urine collection from the anesthetized rats, a catheter (Clay

of cisplatin. Carboplatin also exhibits a higher hydrophiliagams, PE 50) was placed into the bladder through the urethra and
city than cisplatin, which may be a factor in its overal$ecured in place with adhesive surgical tape. The urine emptied into a
biodistribution and renal elimination. Urinary excretion igealed 15-ml plastic centrifuge tube. For conscious animals, urine was
the major route of clearance, with clearance of up to 50% %(fllected from the bottom receptacle of the metabolic cages.
the carboplatin administered within the first 24 h [18]. The
free platinum of plasma half-life from carboplatin rangegnesthesia
between 1.5 and 3 h, depending on species.

Owing to the elimination characteristics of carboplatinfhiopental sodium injectable, USP or Pentothal (Abbott), was admi-

it is important to be aware of the consequence of alrllé{stered intraperitoneally (i.p.) at a dose of 30 mg/kg, following the
commendations of the drug information insert. The powder form was

changes in renal function of the living system to Whicheconstituted using normal saline (0.9% sodium chloride), to a con-
carboplatin is being administered. A poor or compromlsetdntyapion of 2.0% or 20 mg/ml thus avoiding hemolysis when
renal function will directly affect the biodistribution and theadministered. A ketamine and xylazine mixture at a 1:1 ratio (20 mg/

bioavailability of carboplatin at the tumor site. Moreover]'! Xylazine, 100 mg/ml ketamine) was administered at a dose of

theti dministered with boplati ff 0.2 ml/200-g rat. This mixture has demonstrated satisfactory analgesia,
any anesthetc coadministered with carboplalin can a sthesia and central nervous system depression in short as well as in

the druds efficacy and toxicity indices becoming importangrolonged surgical procedures. Pentobarbital was administered i.p. at a
in animal trials in which anesthetics are frequently used.dose of 32.5 mg/kg, following the recommendations of the Abbott
In this study we compared three injectable anesmetiCSLGPXIrIaggISZZénsfovrvrgfen?(gr?taTnpdhgftiethal levels. All anesthetics were

Cc.)mblnatlon.s that are Cpmmonly used'ln research andirmi lly administered i.p. after which the maintenance dosages were
clinical studies. Our choice of anesthetics used was ba%%q?inistered intravenously (i.v.) through the implanted cannulae. The
on availability and published information on their use irevel of analgesia provided by each anesthetic was assessed in terms of
rodents. The combination of ketamine/xylazine has be# presence or absence of the pedal withdrawal reflex in response to
used extensively in studies of rodents in our laboratory, aRi§cing of the skin between the toes of the hind paws, or of the eyelid

. . . ' “closure reflex in response to a sharp and brief air blow to the open eyes.
has worked well as a surgical anesthetic for vein cannulgse anaigesia status was monitored at frequent intervals during the
tion and other prolonged procedures [2]. We also felt thadtire duration of the study. Maintenance dosages were given as
pentobarbital sodium (Abbott, North Chicago, IL.) and itgeeded. _ _
sulfur analogue, thiopental (Abbott), should be included in The animals used as the control group did ot receive any

thi tudv b f their wid read in ani anesthetic. These animals were kept in individual metabolic cages,
S study because or the espread usage In a the intention of causing the least stress possible. The cages were

studies. set up to collect excreted urine over a Zgeriod.
Carboplatin
Materials and methods 195mPt was prepared at the University of Missouri Research Reactor
(MURR) by thermal neutron irradiation (average flux of B04 n/crm?
Animals for 7 to 14 days) of enriched (96.2%) metalli@¥Pt. 195mPt was

produced with a specific activity ranging from 0.4 and 0.7 mCi/mg.

Female Wistar rats (150-200 g), obtained from Simonson (Lé$™Ptwas used to produce radiolabelled carboplatin in our laboratory
Angeles, Calif.), were housed under normal conditions with free accdasilities, using a semiautomated system. The microscale synthesis of
to food and water. They were housed one animal to a cage afgmPt-carboplatin followed similar steps to that #fmPt-cisplatin
maintained in a standard controlled environment (temperature 1$¥nthesis, which has been documented in detail [10]. Yield and purity
22°C, 40-60% relative humidity). The animal studies were approvéd the synthesized%Pt-carboplatin were determined by spectro-
by the USC Vivaria Committee and adhered to the “Principles @hotometry. Thin-layer and paper chromatography were also perform-
Laboratory Animal Care” (Publication No. 85-23, revised 1985). Ea@fl to confirm radiochemical purity. This radioactive material was then
group of animals, anesthetized and conscious, consisted of three or Rfiled to nonradioactive carboplatin to a specific activity of 0.05—
rats. 0.2 mCi/mg. The administered dose of carboplatin (30 mg/kg) was

The conscious rats were briefly restrained in a conventiongissolved in normal saline at a concentration of 1.0 mg/ml. The dose
perspex tube, their tails immersed in warm water (@Y to facilitate Was prepared and administered to each individual rat at the beginning
the location of the lateral tail vein, and injected into the vein wit®f each study through the lateral tail vein in conscious rats or the right
30 mg/kg oft%smPt-carboplatin. The conscious rats were then placed jugular vein cannula in anesthetized rats.
metabolic cages. The study animals were anesthetized just prior to
carboplatin administration. The anesthetic dosage varied according to
the manufacturer’s suggested dose for this particular animal speciéssue recovery and processing
and the individual animal’'s weight, as detailed below. Enough anes-
thetic was given to maintain the rat under sedation for the duration Alf rats were euthanized 2 h aftépSmPt-carboplatin administration.
the study, which lasted for approximately 2 h. Maintenance dosadgslected tissues, including cerebrum, cerebellum and kidneys, were
were administered as needed for each individual animal. All rats frosargically extracted from each rat, immediately dried with Kimwipes
each of the anesthesia groups had a surgically placed cannula (Glag weighed. The individual tissue samples were then homogenized in
Adams, PE-50, 0.58 mm internal diameter 0.965 mm outside diamet28) ml grinding medium (75 it NaCl and 24 v EDTA, adjusted to
in their right jugular vein, inserted either the day before or severpH 8.0). From each rat, two 1.0-ml samples of each tissue homogenate
hours prior to the beginning of the study. The cannula was maintaineere placed in separate polyethylene vials for gamma counting. All
free of blood clots with heparinized normal saline (250 units of heparsamples were kept on ice or placed in the refrigeratdtQbduring
per 1.0 ml of 0.9% sodium chloride), and flushed routinely or gsrocessing. Gamma counting was performed with a Beckman Auto-
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Table 1 Percent of the injected dose 8FPt in selected tissues at the 120-min time-point after administration (% D&D)

Brain Cerebellum Left kidney Right kidney
Pentobarbital 0.0186 0.0094 1.1916 0.8114
(+1.05 E-5) (+6.78 E-4) (+1.82 E-1) (£7.85 E-2)
Ketamine xylazine 0.0010 0.0005 0.0877 0.1078
(+4.22 E-5) (+5.91 E-5) (+7.58 E-3) (+7.82 E-3)
Thiopental 0.0010 0.0003 0.0176 0.0170
(x8.94 E-5) (+2.13 E-5) (£1.22 E-3) (£1.02 E-3)
Conscious 0.0002 0.0003 0.0144 0.0139
(£1.07 E-5) (+£2.79 E-5) (£7.65 E-4) (£7.31E-4)

Table 2 Percent of the injected dose 8Pt in body fluids sampled at the 120-min time-point after administration (% IDA8D)

Urine2 Erythrocyte fraction Plasma fraction Whole blood
Pentobarbital 0.0011 0.2183 0.3385 0.5568

(£2.28 E-4) (+1.02 E-3) (£2.82 E-3) (+3.86 E-3)
Ketamine/xylazine 0.6191 0.0816 0.0742 0.1558

(+5.49 E-1) (+1.32 E-4) (+2.96 E-4) (+4.28 E-4)
Thiopental 0.1842 0.0474 0.0678 0.1152

(£9.65 E-1) (£2.25 E-4) (£2.70 E-4) (+4.95 E-4)
Conscious 0.1180 0.0419 0.0441 0.0860

(+5.60 E-1) (+1.44 E-4) (+1.32 E-4) (+1.38 E-4)

a Urine is expressed as the cumulative amount (ID) through 120 min
b Conscious rats urinated at will because they had no urinary catheter

mated Gamma Counter (Beckman, Gamma 4000), with the enefgw molecular weight proteins and free or unbound fractions). Tissues
window set at the energy peaks &5"Pt. Duplicate samples were were surgically excised, dried, weighed and homogenized; then two
counted and averaged. All counting was performed within 2—-3 dag9)-ml aliquots from each tissue homogenate were taken for the
after the time of tissue extraction. measurement of th&smPt content. The measurements from each of
the two tissue vial samples were averaged. All tissue and body fluid
samples were kept refrigerated atG or on ice until measured. Serial
gamma counting of all these samples was done within 2 or 3 days after
each study was completed.
Whole blood samples of 0.3 ml were withdrawn from each rat through Two separate standards,-3Gand 164 of the injected dose of
the right jugular vein cannula at the predetermined time-points (5, 285mPt-carboplatin in 1.0 ml distilled water, were used to correct all
30, 60, 90, and 120 min) after administration of the antineoplastiounts. The standards were prepared from each indiviéRraPt-
agent using a heparinized 1.0-ml tuberculin syringe. Immediately aftegrboplatin synthesis, and were kept until the end of each study and
the blood was placed in a 2-ml microcentrifuge tube containing 0.2 pitocessed through the gamma counter with the tissue and body fluid
heparinized saline (250 units of heparin per ml of 0.9% sodiusamples of each individual rat, correcting for decay and equipment
chloride). The blood samples were centrifuged at 5000 rpm for 4 mintrinsic error. Data were expressed as injected dose per gram or
using a Beckman microfuge to separate the plasma from the sedimenitliliter (ID/g or ID/ml), or as percent of injected dose per gram or
mostly erythrocytes. The plasma was transferred into a polyethylemdliliter (%ID/g or %ID/ml).
vial for gamma counting, while the sediment was resuspended in 0.3 ml
normal saline and transferred to a separate polyethylene vial for
gamma counting. The blood sample from each conscious rat was
withdrawn through a heart puncture at the end of the study. The
blood samples were immediately processed as described above. Results

Urine output was monitored and measured at each time-point. The

bladder of conscious rats was drained after euthanasia. An aliquo ; _
10ul from the accumulated urine was placed in a polyethylene vial a ble 1 shows the data from the selected tissues - cerebrum,

was brought up to a total volume of 1.0 ml using distilled water. The§€rebellum, right and left kidneys - at the 120-min time-
vials were then placed in the Beckman gamma counter to determine f@int after injection of 30 mg/kg of9rmPt-carboplatin.

total 195"Pt content. These data represent tH&"Pt counts recovered in the
various tissues sampled from animals coadministered with
pentobarbital, ketamine/xylazine, and thiopental, as well as
from the control group.

Total platinum content was determined in urine, blood and selected Of the tissues excised and measured, the kidneys had the
tcizﬁgi;e%y fg:atﬂggeg;er Sa?,g%'fp ;’iaT'iSSSiEei gﬁgkt??:”ﬁ gamma Cgiﬂﬁfghest concentration of platinated species, while the cere-
body fluid samples wergyobtained 2 h after carboplatin adminisﬁratiowum had_the least. Kidneys from .rats anesthetlzeq with
Whole blood samples of 0.3 ml were withdrawn and divided into apentobarbital had &%mPt concentration at least ten times
erythrocyte fraction, and plasma fractions (which included high atigher than that of rats anesthetized with ketamine/xyla-

Body fluid processing

Platinum determination in tissues and body fluids
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1.10°- [ Ketamine/ xylacine function has .been documented in previous studies, through
Pentobarbitol 7 7 GFR evaluatlon[19]. _ _

| Il Thiopental In this study the kidneys of rats that were given
1107 Conscious pentobarbital had up to a 100 fold higher concentration of
] T the tracer to that of the conscious rats, and excreted

1.10°2- approximately 1% of the amount dP5"Pt excreted by

3 % the conscious rats. These effects were much less for
* a 7 ketamine/xylazine and essentially not observed in the rats
11074 anesthetlized with thiopental. One important consequence
is that the co-administered anesthetics, by adversely alter-

1104 : ing the normal pathway of elimination of carboplatin, more

than likely increased carboplatin’s plasma half-life, drug
110° residence time in plasma and concentration exposure level

to the rat’s tumor and vital organs. This is evident by the
higher levels of the tracer in the plasma and RBC fractions
Fig. 1 Biodistribution of radioactively labelled carboplatin at the 120and in the tissues collected from rats given pentobarbital.
min time-point in anesthetic-treated and conscious rats Although the effect of ketamine/xylazine on renal function

is less pronounced than that of pentobarbital, it is still 5

zine, and 100 times higher from that of kidneys from eithdime higher than in conscious rats. The pentobarbital group
rats anesthetized with thiopental or conscious rats. TR0 shows a higher level of the tracer in plasma and RBC
cerebellum data of all the animals demonstrated a simiff@ctions, which would suggest some level of renal dys-
pattern to that of the kidneys. The cerebrum data exhibité4ction due to the anaesthetic. Of the anesthetics tested,
a slight variation from this pattern, but pentobarbitathiopental appeared not to exhibit any statistically signifi-
anesthetized rats remained the group with the high&&nt difference from conscious animals when measured for
concentration of9mPt, showing levels 10-100 fold highertS effect on 195mpPt excretion and biodistribution in the
than those of conscious rats. selected tissues. o

Table 2 shows the amounts &5t recovered in the  These results clearly suggest that the drug’s biodistribu-
various blood fractions including whole blood, erythrocytion and bioavailability, hence its efficacy and toxicity
fraction and plasma fraction. The time-point of 120 mifdex, both at the tumors and vital organs, may drastically
after 195mPt-carboplatin administration is shown in Table pe affectgd by a co-administered a_maesthet|c. The effect of
as a comparison index for all rat groups. Overall, the blog#hesthetics on blood hemodynamic parameters, as well as
data showed higher levels of the tracer when pentobarbifa® unique parameters found in tumors that affect drug
was the anesthetic used. The cumulative amourie@wPt transport to and into the tumor cells can not be ignored [20].
in the urine of rats anesthetized with pentobarbital had tk@nsequently, the selection of the anesthetic becomes a
lowest concentration of the radioactive tracer comparé#tical issue for both invasive as well as non-invasive
with the other groups. The data demonstrate an inve,gréarmz_acokmetlc studies, and should be considered care-
relationship between the recover&dmPt in the urine and fully prior to the study.
that in the blood fractions.

Figure 1 shows the accumulation of the radioactively
labelled carboplatin in the selected tissues at the 120-min
time-point in both the anesthetic-treated rats and the cdigferences
scious control rats. Standard deviations of each grodpta .
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