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THE INFLUENCE OF SODIUM NITROPRUSSIDE, POTASSIUM
FERROCYANIDE AND 2,4-DINITROPHENOL ON THE METABOLISM
AND URIC ACID CONTENT IN DROSOPHILA MELANOGASTER

The toxicity of potassium ferrocyanide (PFC) and sodium nitroprusside (SNP) and protective
effects of 2.4—dinitrophenol (DNP) under PFC or SNP treatment were tested on the Drosophi-
la melanogaster model system. Fly larvae were bred on food supplemented with PFC or SNP
at concentrations of 1.0 mM and mixtures with DNP in concentrations of 0.50 and 1.25 mM,
either alone or in combination with 1.0 mM PFC or SNP. Larval treatment with PFC or SNP
resulted in higher uric acid and lower triglycerides content in adult flies, while DNP in mix-
tures with PFC or SNP relieved these effects. Furthermore, SNP treatment resulted in lower
ALT and AST activities either alone or in mixtures with DNP. The potential mechanisms of
protective DNP effects against PFC or SNP toxicity are discussed.

Key words: Drosophila melanogaster, oxidative stress, potassium ferrocyanide, sodium ni-
tropruside, 2.4—dinitrophenol.

Potassium ferrocyanide [K Fe(CN),] is a hexacyanoferrate compound as well as po-
tassium ferricyanide [K,Fe(CN),] and ferric hexacyanoferrate (Fe,[Fe(CN),],). Despite
the presence of cyanide ions, hexacyanoferrate compounds are generally considered to
be nontoxic because of the tight binding between the cyanide ions and the metal ions
that prevents the release of free cyanide [9, 17]. While studies on humans and animals
exposed to iron—complexed cyanide are limited, the available works indicate very low
PFC toxicity, even at relatively high exposure levels [3, 9]. However, C. Payen and col-
leagues (2010) reported the first case ever published on death after acute poisoning with
PFC [9]. Sodium nitroprusside is a water—soluble iron nitrosyl complex. In previous
studies on yeast [12] and flies [19], have been founded that SNP induced mild oxidative/
nitrosative stress in both organisms. Also have been registered that the toxicity of SNP
might arise not just from its direct effects, but also from its decomposition products such
as nitric oxide and iron ions [19]. 2.4—dinitrophenol has been long known to be toxic
at high concentrations due to effects related to uncoupling of mitochondrial oxidative
phosphorylation, whereas at low concentrations it protects neurons against f—amyloid
toxicity [4], neudegeneration [11, 13], and different types of insult [20]. Other similar
studies demonstrated that DNP at nontoxic concentrations stimulated neurite outgrowth,
neuronal differentiation and even extended murine lifespan [14] as well as lifespan in
yeasts [6] and flies [16]. Taking into account the above mentioned data, were interested
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to investigate the influence of PFC, SNP and DNP separately and in combination on the
protein and fat metabolism as well as on the uric acid content in Drosophila.

The present study examined the possible protective effect of DNP against PFC and
SNP—induced toxicity in vivo on D. melanogaster with the objective of understanding
the effects of PFC, SNP and DNP on the on the protein and fat metabolism as well as on
the uric acid content in Drosophila.

Material and methods

The D. melanogaster strain w'’® was obtained from stock—centers or collaborators.
Stock flies and larvae were reared on yeast—corn—molasses (regular) food with constant
illumination at 25 = 1 °C. Nipagin 0.2 % (methyl-p—hydroxybenzoate) was added to the
medium to inhibit mold growth. For all time course experiments, control larvae were
fed with food containing 10 % sucrose, 10 % yeast and 1 % of agar—agar (SY diet); and
experimental groups were fed the same food, but supplemented with SNP (1.0 mM),
PFC (1.0 mM), DNP (0.5 or 1.25 mM) or one of mixtures (SNP 1.0 mM + DNP 0.5 mM,
SNP 1.0 mM + DNP 1.25 mM, PFC 1.0 mM + DNP 0.5 mM or PFC 1.0 mM + DNP
1.25 mM).

Two—day—old flies were separated by sex and only females were used for analysis.
Flies were homogenized using a Potter—Elvejhem glass homogenizer (1:10 w:v) in cold
50 mM potassium phosphate (KPi) buffer, pH 7.5, containing 0.5 mM EDTA and 1 mM
PMSF. After centrifugation at 16000xg for 15 minutes at 4 °C in an Eppendorf 5415 R
centrifuge (Germany), the supernatants containing water soluble proteins were collected
and used for different assays and protein measurements using Specoll 211 (Carl Zeiss
Jena, Germany) and Microlab 300 (Vital Scientific, Netherlands) spectrophotometer. For
uric acid assays supernatants were additionally treated for 15 min at 70 °C in order to
inactivate all endogenous enzymes, including uricase. The concentration of uric acid was
determined using an enzymatic colorimetric standard kit with uricase and peroxidase
(Cormay, Poland), according to manufacturer’s instructions. The uric acid concentra-
tion was expressed as micromoles per gram of fly wet weight. Soluble triglyceride was
measured using a commercially available kit (Cormay, Poland) following the manufac-
turer’s suggested protocol. The triglycerides concentration was expressed as micromoles
per gram of fly wet weight. The activities of ALT and AST were determined using an
enzymatic colorimetric standard kit (Cormay, Poland), according to manufacturer’s in-
structions. Briefly, activity of ALT was measured by optimized, modified kinetic meth-
od with NADH and Tris buffer, without pyridoxal phosphate. The final concentrations
of reagents were: Tris (pH 7.5) — 100 mmol/l, L—alanine — 500 mmol/l, LDH > 36,7
pkat/l, 2—oxoglutarate — 15 mmol/l, NADH — 0.18 mmol/l. The activity of AST was
measured by kinetic method with NADH and Tris buffer, without pyridoxal phosphate.
The final concentrations of reagents were: Tris (pH 7.8) — 80 mmol/l, L—aspartate — 240
mmol/l, MDH > 10 pkat/l, LDH > 20 pkat/l, 2—oxoglutarate — 15 mmol/l, NADH — 0.18
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mmol/l. The rate of absorbance changing at =340 nm was directly proportional to ala-
nine or aspartate aminotransferases activities. One unit of enzyme activity is defined as
the amount of the enzyme that consumed 1 pmol of substrate or generated 1 pmol of
product per minute. Activities of the enzymes were expressed as international units (or
milliunits) per milligram of soluble protein. Protein concentration was determined by the
Coomassie brilliant blue G-250 dye—binding method [2] with bovine serum albumin as
the standard. Experimental data are expressed as means + SEM. Statistical analysis was
performed using a two—tailed Student’s t—test.

Results

It is a well-documented fact that Drosophila females are more resistant to stress con-
ditions such as starvation, high temperature, and dietary xenobiotics than are males [10].
Current study, not aim to evaluate differences and sex—dependent sensitivity to treat-
ment, but to investigate the possible protective effects of DNP against SNP and PFC—in-
duced toxicity. For convenience, throughout the text, have been used the abbreviations
C, D0.5,D1.25, S1, S1D0.5, S1D1.25, FC1, FC1DO0.5 and FC1D1.25 to denote the con-
trol and treatment groups that received food supplemented with DNP 0.5 mM, DNP 1.25
mM, SNP 1.0 mM, SNP 1.0 mM + DNP 0.5 mM, SNP 1.0 mM + DNP 1.25 mM , PFC
1.0 mM, PFC 1.0 mM + DNP 0.5 mM, PFC 1.0 mM + DNP 1.25 mM, respectively.

The activity of ALT in control group was near 2000 U/mg protein and was unaffected
in all experimental groups, except S1D1.25 group where activity was 27 % significantly
lower in comparison to control ones as well as vs S1 group (Fig. 1A). The activity of
AST in control group was near 4000 U/mg protein. In the S1 group as well as in the
SNP+DNP groups investigated parameter was significantly lower (Fig. 1B).

The levels of whole body soluble TAG was highest in the control group (~1200pmol/
gww) and drastically decreased in D0.5 and D1.25 experimental groups (by 38 and 46%,
respectively), as well as in FC1 and S1 groups, however DNP partially relives these ef-
fects. For instance, in the FC1D1.25 and S1D1.25 groups TAG levels were significantly
higher versus FC1 and S1 group, respectively (Fig. 2A). Figure 2B shows that the uric
acid concentration in the S1 group was higher by up to 4—folds as compared with con-
trols; however, in D0.5 and D1.25 groups the uric acid levels were significantly lower
than in controls.

Furthermore, DNP relieved effects of SNP in the S1DO0.5 and S1D1.25 groups. For
instance, in the latter group, uric acid concentration was reduced to near control values
and was significantly lower than in the S1 group.

Furthermore, DNP relieved effects of PFC in the FC1D0.5 and FC1D1.25 groups.
For instance, in the latter group, uric acid concentration was reduced to control values
and was significantly lower than in the FC1 group.
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Figure 1. The activity of alanine
aminotransferase (A) and aspartate
aminotransferase (B) in 2—day—old

female flies (w'"®) emerged from

Drosophila larvae grown in SNP, PFC,
DNP or SNP+DNP, PFC+DNP—treated
medium during development. Data are
means + S.E.M, n = 5-6.*Significantly
different from the control group,
P<0.05. #Significantly different from the
S1 or FC1 group, P<0.05.
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Figure 2B also shows that the
uric acid concentration in the FC1
group was higher by 133% as com-
pared with control; however, in
DO0.5 and D1.25 groups the uric
acid levels were significantly lower
than in controls (by ~50%).
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Figure 2. The content of whole body
triacylglycerols (A) and uric acid (B) in
2—-day-old female flies (w//’¥) emerged
from Drosophila larvae grown in SNP,
PFC, DNP or SNP+DNP, PFC+DNP—

treated medium during development.
SN & P ¢ ¢ .  Dataare means+ S.E.M, n = 5-6. Other
&0 information as in Figure 1.
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Discussion

In previous study have been showed that SNP and PFC caused a developmental delay
and decreased total viability of fruit flies [19]. We suggested that this was closely con-
nected with oxidative/nitrosative stress induced by SNP or PFC or by products of SNP/
PFC decomposition such as iron ions, nitrites and cyanides. In present study we were
interested to investigate the influence of PFC, SNP and DNP separately and in combina-
tion on the protein (ALT, AST activities) and fat metabolism (TAG content) as well as
on the uric acid content (oxidative stress marker) in Drosophila. The activity of ALT was
unaffected in all experimental groups, except S1D1.25 group where activity was signifi-
cantly lower in comparison to control ones as well as vs S1 group. The activity of AST
in the S1 group as well as in the SNP+DNP groups was significantly lower, indicating
that SNP either alone or in mixture affecting protein metabolism in D. melanogaster,
particularly activities of ALT and AST. Next have been investigated fat metabolism in
D. melanogaster in form of whole body soluble TAG content and was obtained interest-
ing results. The levels of whole body soluble TAG was highest in the control group and
drastically decreas ed in D0.5 and D1.25 groups, as well as in FC1 and S1 groups, how-
ever, in the FC1D1.25 and S1D1.25 groups TAG levels were significantly higher versus
FC1 and S1 group, respectively, indicating that DNP partially restores TAG levels under
SNP or PFC treatment.

Uric acid is an important scavenger of free radicals in biological systems, including
insects [5, 21]. Hilliker and colleagues (1992) found that urate is crucial in antioxidative
defence in vivo in D. melanogaster [21]. Uric acid can act either by directly scavenging
ROS/RNS or by binding transition metals [7, 21]. Have been shown, that SNP and PFC
treatment drastically increased urate levels. One may suggest that urate levels in this case
increased in response to elevated ROS levels, which is supported from our assessments
of other oxidative stress markers. Furthermore, the presence of DNP reduced uric acid
levels to near control ranges indicating reduced ROS levels in SNP/DNP and PFC/DNP
groups.

In mitochondria, minor changes in respiratory rates are typically accompanied by very
considerable decreases in ROS release [8, 18]. Uncoupling diminishes mitochondrial
ROS release through a variety of mechanisms [15, 18]. First, higher respiratory rates
increase oxygen consumption, resulting in lower oxygen tensions in the mitochondria.
This decreases generation of O,", the main ROS produced by mitochondria [1]. The
second effect of enhanced respiratory rates on ROS release is the maintenance of
electron transport chain components in more oxidized states in which they cannot donate
electrons to oxygen, resulting in O, formation. These mechanisms are relevant to pre-
sented data, since was showed that DNP (due to its uncoupling effects) appears to protect
Drosophila from the negative impacts of SNP or PFC by counteracting the effects of
SNP or PFC on the content of triglycerides and uric acid levels.
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Conclusions

1. SNP treatment resulted in lower ALT and AST activities either alone or in mix-
tures with DNP.

2. Larval treatment with PFC or SNP resulted in higher uric acid and lower triglyc-
erides content in adult flies, while DNP in mixtures with PFC or SNP relieved
these effects.
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BIVIMB HITPOIIPYCUAY HATPIIO, ®PEPPOUIAHIAY KAJIIIO I 2,4
JUHITPO®EHOJY HA METABOJII3M I PIBEHb CEYOBOI KUCJIOTHU B
DROSOPHILA MELANOGASTER

Pesrome

Toxcuunicts (eppomianiny xamiro (PLIK) i mitponpycuny Harpito (HITH) i morenmiinmii
3axucHuit edexr 2,4-ninirpodpenony (JAHD) Oynu BuBUeHi Ha MI0A0BIN Mywi Drosophila
melanogaster. Jlvannku cnoxusamu OLIK an HITH y xonnenTpanii 1,0 MM Ta y cymimrax 3
JAH® B xonnentpanisax 0,5 ta 1,25 MM, okpemo ab6o B kombinamii 3 1,0 MM ®LIK un HITH.
Cnoxusanss OLIK un HITH npu3sseno 10 301IbIIeHHS PIBHS CEY0BOT KHCIOTH Ta 3HIDKEHHS
PiBHS TPUIIILEPUAIB Y TOPOCIHUX MyX, B Tol yac sk JIH® B cymimax 3 ®LK uu HITH yact-
KOBO HiBeoBaB aaHi epexru. Kpim toro, cioxxnsanus camoro HITH, un y cymimax 3 JTHO,
MIPU3BOJMIIO 0 3HWKECHHS aKTHBHOCTI aJlaHIH— Ta acmapTaTr aMiHOTpaHcdepasn.

Kawuosi caoBa: Drosophila melanogaster; oxcuaatuBHuil ctpec; (eppolliaHia Kaliio;
HITPONIPYCHJ HATPit0; 2,4—THHITPOPEHOI.
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BJIMSTHUE HATPOIIPY CCUA HATPUSI, ®PEPPOLIUAHUIA KAJIAS U
2,4-JTUHUTPO®EHOJIA HA METABOJIN3M U YPOBEHb MOYEBOU
KHUCJIOTBI B DROSOPHILA MELANOGASTER

Peslome

Toxcnunocts peppormannna kamus (PLK) u aurponpyccuna varpus (HITH) n noreHumnans-
HBIU 3amUTHBINA 3QdekT 2,4—muantpodenona (JJHD) Obutn n3ydeHbl Ha IJIOAOBOM MYyIIKe
Drosophila melanogaster. Jlnanaku notpeonsimn LK win HITH B xonnentpanuu 1,0 MM
u B cmecsx ¢ JJH® B xornentpanusx 0,5 u 1,25 MM, otaensHo i B komOuHauu ¢ 1,0 MM
OIK mmm HITH. Morpebnenne PLK wnn HITH npuBeno k yBETHMYCHUIO YPOBHS MOYEBOM
KHCJIOTHI U CHIDKCHHE YPOBHS TPUIIIUIIEPHIOB Y B3POCIBIX MYX, B TO BpeMs kak JJHD B cme-
csax ¢ UK wnm HITH wacTruno HuBenupoai nanHbie 3¢ dexTol. Kpome Toro, motpednenue
camoro HITH, nnu B cmecsx ¢ JIH®, npuBoauiIio K CHUKEHUIO aKTUBHOCTH aJJaHMH—H acnap-
TaT aMHHOTpaHCepasbl.

KuroueBsbie cinoBa: Drosophila melanogaster; OKUCIUTENBHBINA cTpece; (HepporrmaHu Ka-
JIMS; HATPOIPYCCUL HATPHsT; 2,4 TUHATPODEHOI.
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