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The metabolism of nitroguanidine and nitrosoguanidine by rat hepatic
subcellular fractions--Simboli et al.

Reproduction of this document in whole or in part is prohibited except with the permission of the
Commander, Letterman Army Institute of Research, Presidio of San Francisco, California 94129.
However, the Defense Technical Information Center is authorized to reproduce the document for
United States Government purposes.

Destroy this report when it is no longer needed. Do not return it to the originator.

Citation of trade names in this report does not constitute an official endorsement or approval of the
use of such items.

In conducting the research described in this report, the investigation adhered to the “Guide for the
Care and Use of Laboratory Animals,” as promulgated by the Committee on Revision of the Guide
for Laboratory Animal Facilities and Care, Institute of Laboratory Animal Resources, National
Rescarch Council.

This material has been revicwed by Letterman Army Institute
of Research and there is no objection to its presentation and/
or publication. The opinions or assertions contained herein
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of the Army or the Department of Defense. (AR 360-5)
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ABSTRACT

The metabolism of nitroguanidine (NG) and
nitrosonquanidine {NsG) by rat hepatic subhcellular fractions
was examined. The microsomal fraction ani 14,000 x g
supernatant from untreated and phenoharbital-treated
animals and the 9,008 x g supernatant from Arochlor-induced
rats were used for this study. The in vitro metabolism of

substrate was measured by HPLC. The results indicate that
neither NG nor NsG are metabolized by the hepatic
subcellular fractions.
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Simboli et al--1

The Metabolism of Nitroguanidine and MNitrosoquanidine by
Rat Hepatic Subcellular Fractions--Simboli et al

Nitroguanidine, a primary component of US Army triple-
base propellants, is now produced in a Government-owned
contractor-operated ammunition plant. The US Army
Biomedical Research and Development Laboratory (USABRDL),
as part of its mission to evaluate the environmental and
health hazards of military-unique pollutants generated by
US Army munitions manufacturing facilities, conducted a
review of the nitroguanidine data base and identified
significant gaps in the toxicity data. The Toxicology
Branch, LAIR, was tasked by USARRDL to develop a genetic
and mammalian toxicity profile for nitroguanidine, related
intermediates/by~products of its manufacture, and its
environmental degradation products. Nitrosoguanidine is a
potential environmental degradation product of
nitroguanidine.

The development of a toxicity profiie for NG and NsG
will aid in understanding the safety or hazards of these
compounds. Metabolic fate studies are an inteqral part of
these toxicological tests. To supplement in vivo studies
on the fate of nitroguanidine in the rat, this study
examines the in vitro metabolism of NG and NsG by hepatic
subcellular fractions. Additional impetus to examine the
in vitro metabolism of NsG is provided by preliminary
reports that NsG was mutagenic in mouse lymphoma assays
when activated with Arochlor-induced 9,000 x g supernatant

(9K) (1).

The objective of this study 1is to quantitate the extent
of metabolism of NG and NsG by three rat hepatic
subcellular fractions: untreated and phenobarbital-treated
19,000 x g supernatant (1€K), Arochlor-induced 9,000 x g
supernatant, and untreated and phenobarbital-treated
microsomal pellet. I1f the substrates are found to be
degraded metabolically, the metabolites will be isolated,
identified, and quantified.

MATERIALS AND METHODS
Chemicals

Glucose-6~-phosphate, qglucose-6-phosphate dehydrogenase,
NADP, and Fischer's medium for leukemic cells of mice were
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purchased from the Sigma (“hremical Co., St Touis, M0,
Nitroguanidine was supplied by the Sunflower Amminit ion
Plant, Desoto, KS. The U5 Army Biome.'lical Peascn o an?
Development l,aboratory {(USABRDL, Fort Detiric~, ) mroviided
the NsG. The Arochlor-~induced OK supern: ot o sanpliod
by Microbiological Associates, Reth-sia, 1"

Instrgggntggion

~ o

The HPLC system consisted of two L¥T 100 rumps coupled
to an LKB 2152 HPLC controller; 20-ul intoctions were made
via a Waters Wisp 710F; the detoctor was o HFralos
Spectroflow 773; the integrator was a S nadzu (~P2x. The
HPLC ¢olumn was a Brownlee C-12 Svherl -~ colurn (4.6 mm x
250 mm); a mobile phase of 10% MeCH/ 0 was usad at 2 flow
rate of @.7 mi/min; the detector .. Set at 2% nm {1.000
AUFS). The contrifuges ased were o Sorvall 0.0-1, 0
Sorvall RC--5 Sunerspeed Pefrigqerate! cont riiage, and o
Reckman 1.h-74 tUltracentri tuge. A I'inemar oy Dot
homogenizer wis used to honogenize the Tiwuers,

Animalg

Male albino Sprague-Dawley rats (357-425 o) were
obtained frorm "antirn-¥ingm.n, Fremont, 7A., "N Lodncing
agent, sodium phenobarbital (PR), was Adniniziered in (RB]
mg/kg) for four concecutive days prior to sa-rifice on Aday
5. The untreated animals were lefi untreated divrina *his
time period. Animals were fasted for a 24 hour period
prior to sacrifice (SOP-OP-STX-88, "Preparation of Hepatic
Subcellular Fractions"). "he rats were sacrificed by
decapitation and the livers were rapidly recovedl and rinsed
in cold 1.15% KCl. The livers were blotted dry, weighed,
and placed in a volume of cold O0.1M Tris taffer (pH 7.4)
equal to twice the combined weight of the livers. The
livers were minced with scissors and homogenized. The
homogenate was centrifuged at 10,700 x o (A-1 ) for 20
minutes. Thoe 10,0000 x g supernatant wi=s rtber contrifaged
at 109,000 x q for A7 minutes (A-17C). TSN IFPSIPR B
ultracentrifugation, the 172,383 x I superia! .8 wW1s
discarded and the microsom:l pellot was resasire ot |

i

buffor (2.5 ml/q of liver). The nrotoin St e M-
Jemethylase acrivity were deterainec 1AV SO0 0 YT,
"Netermination ~f Tosal Protoin and b o=dened b
Activity.” The picerosoaes gyt T aapeerna o o v ek ly
frozen in Vit ! ndtr aen ol gk v e et R RS FATA TR I
Incubations

Tncabat fona wece proaparad o aaspar Flroe e
subcellular Tyt pana;: N T A LS E AT BN DU B

0

OO

. n

"’

SN S v

e

-

.l .'- j." -

PN

s

¥

LTS g o ol BN
e

- .

r‘-".“’.‘.-l‘ o

Y0

L‘

.',:'_A :"'H '

k3
Mg

'y )




’ - .'.~-\. \'\"h'

Simboli et al--3

untreated 10K supernatant, PB-induced microsomes, untreated
microsomes, and Arochlor-induced 9K supernatant. The 10K
supernatant and microsomal incubations were conducted at a
protein concentration of 4 mg/ml. The 2-ml incubates
contained 1.8 mM NG or NsG (2 mg/ml DMSO), 5 mM glucose-6-
phosphate, 5 mM MagCl_; 1 unit/ml glucose-6-piiosphate
dehydrogenase, 0.1M an 7.4 Tris buffer, and the liver
fractions. 1Incubates also contalned 0.5 mM HADP whereas
the control incubates did not. Additional experiments in
which the enzyme system was heat-inactivated were conducted
by immersing the subcellular fraction in a 98°C water bath
for 10-15 minutes before adding the other cofactors.

In order to simulate the activating conditions for
mouse lymphoma studies, the 9K incubations contained, in a
total volume of 2 ml: 8 mg of protein, 1.0 mM NsG, 3.375
mg/ml isocitrate, .6 mg/ml NADP, and Fischer's medium for
leukemic mouse cells. Control incubations d4id not contain
NADP. Control incubates containing only Fischer's medium
and NsG were also prepared.

All incubations were performed in a water bath shaker
at 379C. The i1ncubation period for the 10K and microsomal
fractions was 20 minutes. The 9K supernatant fractions
were incuhated for 2 hours. After the desired incubation
period, the postincubates were placed in an ice bath and
terminated by the addition of 25@ ul of 5% ZnSO,; 2 umol of
the internal standard ((S) methylnitroguanidine 'was then
added. The incubates were centrifuged for 5 minutes at
4,900 g, and the resulting supernatant was filtered via
Millipore Swinnex filtering system (0.45 u). The filtrate
was analyzed via NPLC.

RESULTS

The HPLC traces obtained from the postincubates were
clean with no interfering peaks. HNitroguanidine eluted
sharply at 4.9 min, NsG eluted at 4.5 min, and the internal
standard eluted at 5.8 min. Table 1 shows the HPLC peak
area ratios of NG/IS obtained from incubations of
nitroguanidine with untreated and PB-induced 10K
supernatant and untreated and PR-induced microsomes. No
significant difference in the amount of NG remaining in
incubations with the NADpPH-generating system and in the
corresponding control incubations without NADPH was secen.
The same results were obtained when the control incubates
were heat-inactivated. The standard deviation values give
a rough estimate of the precision of the analysis; in the
case of NG, the precision is about 5%.
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Simboli et al--4

Table 2 shows the HPLC peak area ratios of NsG/IS
obtained from incubations of NsG with untreated and PB-
treated 19K supernatant and microsomes as well as with
commercially obtained Arochlor-induced 9K supernatanrt. Mo
significant differences are seen in the amount ~*f =7
present in incubations with or without NADP A ic. '+ again,
the same results were obtained when the enzynes of the
control incubates were heat-inactivated. Additionaltly, MNsG
was not degraded over a longer incubation pev.cd (2 honrs
at 37° , results not shown). In this case, rhe precision
in the measurement of NsG appears to be in thuo order of 5-

10%.
DISCUSSION

The metabolism of NG and NsG by untreated and
phenobarbital-treated rat hepatic 16,8%% x g supernatant
and microsomal fractions was examined. The disappoarance
of NG or NsG from these incubations was monitoread by HPLC:
the results indicate that these compounds do not anderao
NADpH-dependent metabolism by rat liver 10,000 x

N g s Ao S E Sl BRI N S —

{ supernatant or microsomes. This observation is consistan:
e with recent in vivo data that indicate NG to be ra.pidly
, absorbed through the qut, to enter the bloodstrean, and to
be quickly excreted unchanged into the urine; it appears
that NG and {IsG are not metabolized by the liver but are
rapidly passe:d out of the body (2}. No mer.holism wis seon
in incubations conducted with hepatic fractinng obtained '
< from PB-~induced animals, thus demonstrating tant M3 and NsG

‘v

are not subject to hepatic enzyme biotransform-tion.

Nitrosoguanidine was found to have slight mutagenic
capabilities in mouse lymphoma assays (1). The metaholism
of NsG was examined under conditions similar to that of the
mouse lymphoma assay with Fischer's medium for leakemic
cells of mice and 9K supernatant to determine if inetabolic
activity could assist in explaining NsG mutagenicity. No
NADPH-dependent metabolism of NsG was seen in this system.
This seems to indicate that the mutagenicity observed in
the moni2 lymphoma assay is not due to a metahelic or .
chemical deqradation product of NsG. However, it shoul? be
notel that, Ane to the imnprecision (CV is lrose than 5%) of
the assay in guantitating NsG. small amounts (uv Lo 10 ug)
2F NsG may he metabolized and yet go nnaetected under these
sonditions. viditionally, possible metabolites of NaC arve
Tikely to have Jow molar oxtinction cnefficients so they
Soult-d be diftficait to detoct with an IV detcior,
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TABLE 1 :
The NADPH-Dependent Metabolism of Nitroguanidine by :
Untreated and Phenobarbital-Treated (PB) Rat Hepatic J
Fractions -
Peak Area Ratio of NG/IS + SD (n=7) .
+NADP -NADP -
____________________________________________________________ -
o,
10K Supernatant oA
¥
Untreated 1.10 + 0.01 1.12 + 0.C1
PB 1.07 * 0.04 1.03 ¥ 0.06 =
-~
Microsomes
Untreated 1.02 + 0.02° 1.03 + 0.01° )
. + + 0.02 1
N
.
”
!
:‘
N
-~
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TARLE 2

The MADPH-Dependent Metaboliam of Nitrosoguanidine by
Untreated, Phenobarbital-Treated (PB), and Arochloro-Induced
’ Rat Hepatic Fractions

Peak Area Ratio of Nsq/I1S + SD (n=7)

+NADP ~NADP

1M Supernatant

Untreated 1.00 + .09 1.903 + 0.01

PB A.86 + 0.96 0.86 + 0.07
Microsames

Untreated 0.89 + 0.0M2 3.99 + 0.01

PB 1.33 + 0.05 1.37 + 0.02
9K Supernatant 3.96 + 0.01 3.93 + 0.01
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