Monocrotaline-induced liver toxicity in rat predicted by a combined in vitro-physiologically based kinetic modeling approach
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Supplementary materials 2. Data pharmacokinetic data of monocrotaline upon the IV administration of 60 mg/kg bw (10 µCi/kg) of  [14C] monocrotaline (Estep et al. 1991)
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Figure S1. The screenshotted figure of monocrotaline equivalents (in nmol/g) against time (in h) reported by (Estep et al. 1991). The data symbolized as open circle (blood plasma) and triangle (red blood cells/RBCs) were added up to evaluate the concentration of monocrotaline in the whole blood for comparison to the PBK model predictions.


Table S1. The results of re-extrapolated data from reported figure.
In the PBK model, the volume of blood assumes to be equal to the weight of blood using this model
Monocrotaline equivalents (nmol/g) vs Time (min) data were created from the Figure S1 by WebPlotDigitizer Tutorial 3.6+ (https://automeris.io/WebPlotDigitizer/)
The reported concentration nmol/g is assumed to be equal to nmol/ml or µM. The reported blood concentration is calculated as the sum of the plasma and RBC concentration. 

	Time for Blood sampling 
	Reported concentration of monocrotaline equivalents (µM)
	Predicted concentration of monocrotaline in blood (µM)
	Ratio of predicted/reported

	min
	h
	Plasma 
	RBCs 
	Blood 
	
	

	5
	0.08
	113.00
	144.00
	257.00
	416.50
	1.62

	15
	0.25
	81.88
	113.46
	195.34
	373.53
	1.91

	30
	0.5
	67.35
	100.06
	167.41
	370.88
	2.22

	60
	1
	49.84
	100.13
	149.97
	366.27
	2.44

	120
	2
	29.65
	104.89
	134.54
	357.08
	2.65

	180
	3
	21.82
	99.93
	121.75
	347.89
	2.86

	240
	4
	17.11
	99.60
	116.71
	338.70
	2.90

	300
	5
	13.07
	79.81
	92.88
	329.53
	3.55

	360
	6
	12.16
	85.50
	97.66
	320.36
	3.28

	420
	7
	11.00
	81.00
	92.00
	311.19
	3.38
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tized with pentobarbital (65 mg/kg, ip) and the bile duct, both ureters,
and the carotid artery surgically implanted with polyethylene tubing PE-
10 (Becton Dickinson, Parsippany, NJ). The jugular opposite the im-
planted carotid also was cannulated with PE-10 tubing for infusion of a
2% glucose/0.54% NaCl solution to maintain hydration (infusion rate
of 1.00-1.25 ml/hr). The rats were allowed to recover from the surgery
(3-S5 hr) before iv injection of ['“CJMCT (60 mg/kg, 10 uCi/kg). The rats
were placed in a rodent restrainer (Stoelting, Chicago, IL) with the
cannulas exteriorized for sample collection. The collection vials for bile
and urine samples were changed at 15, 30, 45, 60, 90, 120, 180, 240,
300, 360, and 420 min. Blood samples (100-125 ul) were taken at 5, 15,
30, 60, 120, 180, 240, 300, 360, and 420 min, immediately centrifuged
at 10,000g for 5 min, and separated into plasma and RBC fractions. All
bile, urine, and blood samples were immediately frozen at —20°C until
analyzed.

Determination of MCT-EQ in Blood. Thirty-five ul of each plasma
fraction were weighed directly into scintillation vials, cocktail was added
(ScintiVerse II, Fisher Scientific, Fair Lawn, NJ), and counted (model
LS 5801, Beckman, Irvine, CA). The RBC fractions were weighed and
burned in a tissue oxidizer (Harvey Scientific, Hillsdale, NJ). The radio-
activity of each blood sample was converted to MCT-EQ by dividing the
raw dpms by dpm/nmol for the ["*CJMCT injected. The samples were
normalized to values per g of tissue.

Calculation of Kinetic Parameters. The computer program Estrip was
used to determine the half-life (1.,), AUC, volume of distribution (Vd),
clearance (C/), and elimination constant (K,) for the plasma and RBC
data. The calculations are based on equivalents of MCT as derived from
the concentration of radioactivity. Collection techniques did not allow
for differentiation between parent MCT and metabolites.

Tissue Distribution and Covalent Binding Studies. Animals were given
an sc injection of ["*CJMCT (60 mg/kg, 200 uCi/kg) and tissues were
collected at 4 and 24 hr. Organs were homogenized by Polytron (Brink-
man Instruments, Westbury, NY), aliquots dissolved in tissue solubilizer,
Soluene-350 (Packard Instrument Co., Downers Grove, IL), followed by
the addition of scintillation fluid, and counted. RBC fractions were

TABLE 1
Tissue distribution of ['*CIMCT in the rat

Tissue distribution was performed at 4 and 24 h after dosing of 60
mg/kg 200 uCi/kg sc. Values are means = SE, N = 3, reported as nmol
of MCT-EQ/g of tissue.

4-hr Tissue Value (SE) 24-hr Tissue Value (SE)
RBCs 85 (2.7) RBCs 49 (4.3)
Liver 74 (4.9) Liver 25 (0.5)
Kidney 67 (10.9) Spleen 10 (0.8)
Lung 36 (3.9) Lung 10 (2.1)
Spleen 27 (2.5) Kidney 9 (0.5)
Heart 13 (1.1) Heart 4 (0.2)
Plasma 8 (0.6) Plasma 2 (0.8
Leg muscle 7(1.1) Leg muscle 0.69 (0.06)
TABLE 2

Covalent binding of ['*CIMCT in the rat
Covalent binding was performed at 4 and 24 hr after dosing of 60 mg/
kg, 200 xCi/kg, sc. Values are means + SE, N = 3, reported as pmol of
MCT-EQ/mg of protein.

4-hr Tissue Value (SE) 24-hr Tissue Value (SE)
Liver 132 (7.5) Liver 74 (5.6)
RBC:s 125 (2.5) Lung 55 (6.4)
Lung 64 (2.8) Spleen 33(2.1)
Plasma 44 (2.5) Kidney 28 (3.4)
Kidney 39 (1.1) Heart 16 (1.1)
Spleen 35 (2.5) Leg muscle 2(0.2)
Heart 23 (0.4) RBCs N/D*
Leg muscle 3(0.2) Plasma N/D

? N/D, not determined.
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FiG. 1. Concentration of MCT-EQ in blood of rats following dosing
with ["*CIMCT (60 mg/kg, 10 uCi/kg, iv).

Values are means + SE, N = §, reported as nmol of MCT-EQ/g of
either RBCs (A) or plasma (O). Curves are statistically different at P <
0.01 by one-way ANOVA.
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F1G. 2. Urinary excretion of radioactivity in the rat following dosing
with ['*CJMCT (60 mg/kg, 10 uCi/kg, iv).

The top curve (O) represents total radioactivity excreted as percentage
of dose given. The bottom curve (A) is percentage of total excreted that
is nonmetabolized MCT. Values are means + SE, N = §.

oxidized as described previously. Covalent binding was performed ac-
cording to the method of Sun and Dent (24).

HPLC Separation of Bile and Urine. The samples of bile and urine
were separated by HPLC on the same 5 um, reverse-phase, PRP-1 column
and conditions as described above for MCT purification. The HPLC
eluent was collected in 1-min fractions into scintillation vials and ana-
lyzed with Ehrlich’s reagent [2 g 4-dimethylamino)benzaldehyde and 2
ml boron trifluoride etherate/100 ml ethanol]. Each fraction also was
evaluated for radioactivity.

Determination of Pyrrole in the Bile. Each bile sample was evaluated
for the presence of pyrrole by mixing 50 ul with 1.95 ml of Ehrlich’s
reagent, and 2 ml of absolute ethanol. Samples were heated at 55°C for
10 min and the absorbance (565 nm) compared with control bile spiked
with DHR. Synthetic standards of DHR were made according to the
method of Mattocks (25).

Mass Spectrometry. Experiments were performed using a ZAB-HS-
2F MS (VG Analytical, Wythenshawe, UK). FAB ionization, which has
previously been shown applicable for analysis of MCT-NOX (26) and
PAs and their metabolites (27, 28), was carried out using a beam of
xenon atoms (8 keV, 1 mA of current). Aliquots (2 ul) of samples
containing MCT-NOX were mixed with 2 ul of either of the two matrices,
glycerol or 3-nitrobenzyl alcohol (Aldrich Chemical Company, Milwau-
kee, WI). Confirmation of structure was obtained by performing colli-




