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Abstract 

Growing evidence that the potential carcino-
gen, semicarbazide, may get into the human
body makes especially important of knowledge
for its metabolic fate. While the general agree-
ment that semicarbazide is aldehyde trapping
agent and inhibitor of semicarbazide sensitive
amine oxidase, which activity increases in
blood and body tissues in pathological states,
there is assumption that at least one clearans
mechanism must operate in vivo. We supposed
that semicarbazide may be metabolysed by the
members of cytochrome P-450 (CYP-450) fam-
ily in liver microsomes generating dangerous
products. Using difference spectrometry we
have found that semicarbazide-induced spec-
tral changes reflect its binding to the active
site of CYP-450. To identify the products of
semicarbazide decomposition, 7.5 mM semi-
carbazide was incubated with rat liver micro-
somes. The concentrations of formaldehyde,
nitric oxide on the basis of accumulation of
nitrite in the medium, and ammonium were
determined by microplate-based spectropho-
tometry and fluorometry, accordingly. There
was net increase in the concentrations of the
products during incubation in comparison
with control to the extent of 22.04±7.1 for
formaldehyde and 11.29±1.91 for nitric oxide
�mol/mg protein within 15 min. Formaldehyde
and nitric oxide formations were additionally
confirmed by using their traps. Dimedone,
formaldehyde trap, decreased its amount in
the reaction mixture by 55%, whereas iron-
dithiocarbamate complex, nitric oxide trap, by
52%. The results suggest that semicarbazide
transformation is viewed as two important
pathways: one, yielding formaldehyde, and
other, producing nitric oxide and ammonium.
These hazard products are the reasons for
semicarbazide toxicity. 

Introduction

Semicarbazide (SC) belongs to a family of
chemicals called hydrazines, that might be a

factor in certain human deseases induction
due to its presence in some food and carcino-
genic potency on animal models. Although the
potential side effects of SC are of serious con-
cern, SC is used in certain pesticide formula-
tions and industrial applications. SC is used as
a blowing agent in rubber products and foamed
polyethylene that are permitted for food pack-
aging applications. In a number of countries,
SC is also approved as a food additive, bleach-
ing agent for cereal flour and as a dough con-
ditioner. Furthermore, it is used as therapeutic
for healing some deseases including cancer.1

Semicarbazide can reduce inflammatory
response and may protect against the progres-
sive vascular complications. It also can reduce
pain. Clinical use of SC is based on the ability
to scavenge aldehydes as well as to inhibit
enzymes, such as semicarbazide-sensitive
amine oxidase (SSAO), whose activity was
found significantly increased in blood and tis-
sues in some pathologies.2 A clear majority of
toxicity and carcinogenicity studies involve the
administration of SC into various animal
species. Some of the SC side effects listed
included lathyrism (a collagen cross linking
disease) in rats,3 death and foetus retardation
in hamsters, tissue abnormalities such as
haemorrhaging in brain, liver and intestine,4

abnormalities in bone formation, and underde-
veloped testes in rats injected with low doses
of SC hydrochloride saline solution during the
gestation. SC induced osteochondral and vas-
cular lesions, it had carcinogenic features and
may also be genotoxic and potentially danger-
ous for human health. But the mechanism of
this substance toxicity is not well understood.
Information on marked increase of ammonia
excretion (approximately four-fold) over the 24
hours in rats following SC5 has generated the
idea of semicarbazide metabolism with ammo-
nia as a degradation product. Besides, other
researchers found that SC may give rise to
both formaldehyde (FA) and nitrogen in in
vitro studies using SC as formaldehyde trap-
ping agent.6 Bearing in the mind these facts
we supposed that SC may be metabolized by
members of cytochrome P-450 (CYP-450s)
superfamily in the liver. We suppose basing on
some data and its structural formula that SC
may be metabolized, forming toxic products
which are the reasones of its toxicity.

The oxidation products may include
formaldehyde, as well as ammonium and nitric
oxide (NO). FA is extremely reactive and capa-
ble to forming Schiff`s bases with free amino
or amide groups of proteins, which subse-
quently form methylene bridges. This was
thought to contribute to protein misfolding
associated with many pathological conditions.7

Ammonium is both caustic and hazardous. NO
is also involved in many physiological and
pathological processes. Chronic expression of
NO is associated with various carcinomas and

inflammatory states including juvenile dia-
betes, multiple sclerosis, arthritis and ulcera-
tive colitis.8

In this study, we used in vitro approach to
investigate whether SC is a substrate for liver
CYP-450s. The goal of the work was to eluci-
date the possibility of SC metabolization by rat
liver microsomes (CYP-450s) and to find the
products formed.

Materials and Methods

Materials
N-nitrosodimethylamine (NDMA), semicar-

bazide hydrochloride, NADF+, isocitric acid,
isocitrate dehydrogenase from porcine heart,
sodium diethylditiocarbamate trihydrate, N-(1-
naphthyl) ethylenediamine dihydrochloride, o-
phthaldialdehyde, Bradford reagent and bovine
serum albumin were obtained from Sigma
Chemical Co. 2,4-pentanedione and acetic
acid, ammonium salt were obtained from Acros
Organics. 2-mercaptoethanol was obtained
from Ferac Berlin. All other chemicals were of
the highest grade commercially available.
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Preparation of rat liver microsomes 
All manipulations with animals before the

beginning of isolation of livers were performed
in accordance with the Helsinki Declaration of
1975 (revised in 1983) and national require-
ments for the care and use of laboratory ani-
mals. White mongrel female-rats (100-160 g)
were used in these studies. Before experiment
Nembutal anesthetic was used. After sacrifice
of the animals by decapitation, the livers were
removed on ice, and perfused with fresh ice-
cold 0.15 M KCI through the hepatic veins to
remove blood. All further steps were performed
at 0-4°C. The differential centrifugation
method was employed for isolation of microso-
mal fractions.6,9,10 Perfused liver was homoge-
nized in 10 vol/g of wet tissue weight of 10 mM
Tris-HCl buffer (pH 7.2) containing 0.25 M
sucrose. The homogenate was filtered through
2 layers of surgical gauze and centrifuged at
700 g for 10 min. The supernatant was cen-
trifuged at 9000 g for 20 min and at 105,000 g
for 1 hour. The pellet was suspended in the
same buffer containing 0.25 M sucrose and
centrifuged at 105,000 g for 1 hour. The micro-
somal pellets were resuspended in the buffer
(1 mL of buffer per 1 g of wet liver), frozen and
stored in aliquots (1.5-mL portions) at -80°C
until use.

Protein estimation 
The protein concentration was determined

by the method of Bradford.11

Vizible spectroscopy
All spectra were carried out with spectropho-

tometer µQx200 (BioTek Instruments, Inc.,
USA). The wavelength range typically encom-
passed 350 to 500 nm and readings averaged
over 3-5 scans were taken in 1-nm steps. The
experiments were carried out at room temper-
ature in matched cuvettes for 1 cm wavelength
readings containing microsomes diluted with
10 mM Tris-HCl buffer (pH 7.2) to a protein
concentration of 0.4-0.9 mg/mL. The SC solu-
tions in the same buffer were added to 1 mL of
a suspension of microsomes up to a final vol-
ume of not more than 1% of the total volume of
the solution.

Semicarbaside metabolism assays
using rat liver microsomes 

Reactions were performed in 5 mM Tris-HCl
buffer (pH 7.2) saturated with oxygen, con-
taining 5 mM MgCl2, 4.5-6 mg microsomal pro-
tein (1.5 mL of microsomal fraction), 7.5 mM
semicarbazide or 5 mM N-nitroso-dimethy-
lamine as a substrate, and an Nicotinamide
Adenine Dinucleotide Phosphate Hydrogen
(NADPH) generating system consisting of 0.5
mM NADF+, 7.5 mM isocitric acid, and 1 U/mL
isocitrate dehydrogenase in a final volume 2.2
mL. Tubes were tightly stopped to avoid evapo-

ration and air contamination. The vials were
incubated in a water-bath shaker at 37°C for 30
min. At 0, 15 and 30 min, 100 �L of reaction
mixture was removed and added to 10 �L of cold
30% ZnSO4 and the protein was removed by
centrifugation at 2500 g for 10 min. Controls
were also run in this way but without sub-
strate. For formaldehyde trapping, reactions
were performed in the similar conditions with
addition of 5 mM dimedone as formaldehyde
trap in the medium.12 Trapping of NO with the
iron-dithiocarbamate (Fe+2-DTC) complex was
employed in the assay.13 Reactions were per-
formed as above with sequential addition of
sodium diethylditiocarbamate (5 mM), and
ferrous sulfate (5 mM) in the reaction medi-
um. Assays were run in duplicate.

Determination of formaldehyde
formation 

The colorimetric estimation of FA by means
of the Hantzsch reaction was applied to
microplate reader. For the determination of FA
the supernatant solution was mixed with equal
volume of Nash reagent,14 and incubated for 40
min at 37°C. The absorbance was read at 412
nm, a solution similarly treated, but without
substrate and microsomes, was used as the
blank. Standards contained known quantities
of FA in the buffer.

Determination of nitric oxide 
formation

NO release was determined spectrophoto-
metrically using microplate reader on the basis
of accumulation of nitrite in the medium.
Nitrite levels were determined using the
Griess reagent.15 Standards contained known
quantities of NaNO2 in the buffer.

Determination of ammonium 
formation 

Determination of ammonium using a
microplate-based fluorometric technique16,17

included using of working reagent, consisting
of 750 mM o-ftalic aldehyde and 72 mM b-mer-
captoethanol in ethanol, and 200 mM sodium-
potassium phosphate buffer (1:1:18). Stan -
dards contained known quantities of NH4Cl in
the buffer. 

Assays with each product were performed in
triplicate. Data were analyzed by Student’s t-
test to determine statistical differences of the
means. Data were presented as means ± s.e.m.
A value of P<0.05 was considered to indicate
statistical significance.

Results and Discussion

Previously we found that the mass of high-
metabolic-rate organ liver was smaller in rats
after subchronic semicarbazide consumption
with drinking water (6.7 mM for 45 days) as
compared to controls. Furthermore, the results
of electron paramagnetic resonance spec-
troscopy revealed ferric heme iron enhance-
ment by 20% (signals with g=2.25 and 2.42) in
liver CYP-450s that may be indicative of suffi-
cient activation of liver monooxiganase system
in reply to prolonged xenobiotic introduction if
takes into account the existence of powerful
cytochrome-heme-reducing system.3 Thus,
liver monooxiganase system was suspected to
substantially participate in the metabolic acti-
vation of semicarbazide and consequently
could induce the tissue destraction. Presently
the ability of rat liver microsomes to metabo-
lize the potential carcinogen SC was investi-
gated using in vitro approach. The work was
undertaken to characterize the SC metaboliza-
tion mechanism by identifying its basic prod-
ucts. Taking in consideration SC structural for-
mula, the existence of two main ways of its
decomposition may be supposed. The hypothe-
sis is illustrated in Figure 1. The oxidation
products may include FA, as well as ammonium
and NO. 

We supposed that members of CYP family

Article

Figure 1. Expected semicarbazide transformation by rat liver microsomes.
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may take part in this process. Cytochrome P-
450 is a superfamily of enzymes responsible
for detoxifying exogenous compounds. The
function of most CYP enzymes is to catalyse
the oxidation of organic substances. The sub-
strates of CYP enzymes include metabolic
intermediates, as well as xenobiotic sub-
stances such as drugs and other toxic chemi-
cals. CYPs are the major enzymes involved in
drug metabolism and bioactivation, accounting
for ~75% of the total number of different meta-
bolic reactions. The most common reaction
catalyzed by cytochromes P-450 is a monooxi-
genase reaction, e.g., insertion of one atom of
oxygen into an organic substrate (RH) while
the other oxygen atom is reduced to water:

RH + O2 + 2H+ + 2e– � ROH + H2O

These xenobiotic-metabolizing enzymes not
only detoxify xenobiotics but also cause the
formation of active intermediates, which in
certain circumstances may elicit a diversity of
toxicities, including mutagenesis, carcinogen-
esis and hepatic necrosis. Recently, there are
no available toxicological data to make conclu-
sion about possible semicarbazide induction of
lesions in the hepatocytes. At the same time
the hydrazine, as SC precursor was cytotoxic
as measured by leakage of lactate dehydroge-
nase and caused depletion of ATP, and inhibit-
ed protein synthesis in cultured rat hepato-
cytes. The threshold cytotoxic concentration
was 20 mM. Inhibition of protein synthesis
was detected at a much lower concentration of
hydrazine (0.5 mM) than was required to
deplete ATP (16 mM) or cause cytotoxicity (20
mM).18 To approve the hypothesis of liver CYP-
450s participation in SC metabolization we
used difference spectrophotometry approach.
When studying substrate binding to the CYP-
450s, the heme prostetic group often serves as
a very useful chromophore that can be exploit-
ed for characterization purposes. Because oxi-
dation of CYP-450-bound substrate occurs at
the heme, certain aspects of substrate binding
can be monitored readily with spectropho-
tometer, e.g. the signature manners in which
the CYP-450s heme spectra are altered. Three
fundamentally empirical types of spectra have
been well characterized for binding of drugs
and other chemicals to hepatic microsomal
cytochromes P-450: type I, with spectral maxi-
ma about 385 or 390 nm and minima about 420
nm; type II, with minima about 390 or 410 nm
and maxima about 427 to 430 nm; and reverse
to typeI, which is almost exactly the mirror
image of tipeI spectra. Most CYP-450s are low-
spin in the substrate-free form. Binding of
substrate shifts the low-spin state to the high-
spin state and the Soret absorption band,
resulting in the type I difference spectrum.
This shift is associated with the transforma-
tion of the cytochrome from an inactive to the

active reducible intermediate of the catalytic
cycle. We used the technique of difference
spectrophotometry to study spectral changes
which represent the binding of SC to hepatic
microsomal cytochrome P-450. Spectra were
recorded after addition of SC, and a difference
spectrum was computed by subtraction of the
starting spectrum from those generated at
each selected time point. The filtration proce-
dures of MultiCON™ processor were used for
obtaining clean difference visible spectra. The
maximum apparent absorption change
induced at each chosen time point was deter-
mined by subtraction of the minimum absorp-
tion value at the through in each difference
spectrum from the maximum value at the peak
(using data at the same wavelength, 420 and
390 nm). The statistical accuracy of the spec-
tral calculation methods allows us to identify
new spectral features. 

Spectral changes in CYP-450s of rat liver
microsomes during interaction with SC in the
range of concentrations from 0.05 mM to 10
mM were recorded. As an example, calculated
difference spectra of microsomes with 3 mM
SC are represented in Figure 2 as compared
with spectra of substrate-free microsome CYP-
450s in Figure 3. Cytochrome P-450 of the liver

microsomes of rats after interaction with SC
gave a maximum of absorption at 390 and a
minimum at 420 nm, characteristic typeI dif-
ference spectrum which reflects both the sub-
strate binding to the active site of CYP-450 and
transformation of the cytochrome to the active
intermediate of the catalytic cycle. These spec-
tral changes are linear with time under the
concentration range of SC 1.5-7.5 mM (Figures
4, 5), whereas lower SC concentrations (0.05-
0.3 mM) did not induce characteristic type I
spectral changes. On this reason we used mM
concentration of SC in our subsequent investi-
gations. 

In order to additionally approve our hypoth-

Article

Figure 4. Time dependence of maximum
apparent absorption change in rat liver
microsomes CYP-450s with 3 mM semi-
carbazide.

Figure 5. Time dependence of maximum
apparent absorption change in rat liver
microsomes CYP-450s with 7.5 mM semi-
carbazide.

Figure 6. Formaldehyde (FA) formation by
rat liver microsomes during semicarbazide
(SC) metabolization for 15 minutes
(*P<0.01 relative to control, **P<0.05 rela-
tive to semicarbazide).

Figure 3. Difference spectra of substrate-
free rat liver microsomes CYP-450.

Figure 2. Difference spectra of rat liver
microsomes in 10 mM Tris-HCl buffer (pH
7.2), containing 3 mM semicarbazide.
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esis we used NDMA, well known CYP-450s sub-
strate, along with SC. Using the same concen-
trations of reagents as in in vitro study6 we
showed that rates of FA, as well as NO forma-
tion during the reaction with NDMA and SC
decomposition were of the same order (Table
1). In Table 1 the detected rates of FA and NO
production for both SC and NDMA are shown.
Data show that FA and NO were formed when
5 mm NDMA or 7.5 mM SC were incubated
with rat liver microsomes. These data in an
indirect way approve our assumption.

Formation of FA was monitored by the Nash
method as mentioned in materials and meth-
ods. The presence of FA in the reaction mix-
ture was additionally confirmed by trapping FA
with dimedone (Figure 6). The results demon-
strate that FA was produced to the extent of
22.04±7.1 �mol/mg protein (compared to con-
trol) within 15 min during SC transformation,
whereas dimedone presence sufficiently
decreased this quantity (more than twice).
Clinically, the lethal dose of formaldehyde for
human beings is about 0.08% in the circula-
tion. Although the hepatic changes are gener-
ally not extensive and can be reversible follow-
ing acute exposure, the potential exists for
them to progressively become more serious
with repeated exposures at concentrations
even lower than 0.08%, the clinical dose of tox-
icosis. There are several possible mechanisms
for the toxicity. Depending on the route of
exposure, these could include direct effects on
hepatocytes and/or indirect effects through the
circulatory and immune systems.

The mean increase in nitrite concentration
in 15 min SC incubation with microsomes was
smaller than that of FA (11.29±1.91 �mol/mg
protein, compared to control). To determine
whether NO might have been produced as SC
product, SC was incubated with rat liver micro-
somes in the presense of potent NO trap
diethyldithiocarbamate-Fe+2 complex (Figure
7). Again, the NO2� concentration decreased
significantly under these conditions. We con-
clude, therefore, that NO is produced directly
in the reaction. This simple diatomic molecule
is capable of attacking the iron-sulphur compo-
nents of electron-transfer proteins. The reac-
tion of NO with iron-sulphur clusters leads to
disassembly of the cluster and formation of
various new iron compounds referred to as
dinitrosyl iron complexes. The destruction of
proteins containing these iron-sulphur clus-
ters constitutes a mechanism of toxicity and
can lead to diseased states. NO may also play a
role in controlling hepatic lipid peroxidation.
Nitric oxide is a highly reactive oxidant known
to interfere with hepatocyte protein and DNA
synthesis, and its production by these cells
may lead to cytotoxicity and apoptosis, thus
contributing to tissue injury.

Measurements of ammonium by o-phthal-
dialdehyde reagent showed sufficient ammoni-
um concentrations change with respect to the
control, more than twice, in 15 min (Figure 8).
But in this case the extent of ammonium pro-
duction was 10-fold greater than that of nitrite
and FA, the fact, which could not be explained
recently. Ammonia is also highly toxic.

Normally blood ammonium concentration is
<50 µmol/L, and an increase to only 100 µmol/L
can lead to disturbance of consciousness. A
blood ammonium concentration of 200 µmol/L
is associated with coma and convulsions. 

The quantitative outcome of this experi-
ment indicates a roughly equimolar correspon-
dence between FA and NO as products of SC
decomposition. In our opinion, the mechanism
of SC toxic action involves the generation of
hazardous products by liver CYP-450s, the rea-
sons of pathological state for many diseases.
Further investigations are necessary to evalu-
ate the influence of SC in lower concentrations
on hepatocytes viability and contribution of
different members of CYP-450s family in SC
metabolization using inhibitory approach.
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