» DESI" ERAL PROTECTION AGAINS r ACUTE NI TROF URANTOIN L
' TOXICI TY IN ALBINO RAT LUNGS

Essam M Ah and Mohamed Hesham Y Daba* |

Deparm:ems of Forens:c Medacme and Clrmcal Toncology lermacology* -:' s

Facuhy of Med:cme, Mansoura Umver,my, Egypl

:Aesmcr S

Tke study was camed on 70 male Albmo rats wlm:h were dw:ded mlo 4 g; oups The ﬁrst group ( 0)

- _ con.ststed of 10 m!s was gwen dzstdled water by mtraperttoneal roure ana’ was used as uega!we control
- group Each of rhe other rlzree groups couszsled of 20 rats I groap I rars were gtven smgle S C tiyec-".
3 _ j. uou of N N dmiethylformamrde used ro d!ssolve mtroﬁlramom and was used as pos:twe oomrol group ;-': S i
An group 2 rars were gzven smgle s C nuecnon of mtroﬁcromom (200 m,g/kg) dusolved m N N— '
P d;me!lzy{l'o:mamm’e and dllmed by d:sulled waler lu group 3 ra.rs were gwen two l P nuecnons of desfer— S
_ . al ( each. of them 100 mg/kg) in. addmon to the: smgle uyecuon of mtroﬁ:rantom, the ﬁrst were gtven 1.
' o hom before mrroﬁuamom and die o.rher dose was gweu 12 lzours aﬂer the ﬁrsr dose Groups ] 2 and 3.
e were a’mded into. two equa! subgroups a and b(l O rats each ) Rats of subgroups ( a) were kdled oue day G
o aﬁer M, N dtmelhy{formamrde or mnofaramom uuecuons whereas ﬂley were kdled two days aﬂer the.re_' o -
mjecnons in subgroups { b) A_fter sacarrf canon of rats, blood somp[es were taken then cemnﬁcged and i _:'_-:-.:
0 ,sera were analysed for redaced g!utailuone Rats were d:ssecred and hmgs w.ere obramed Lm:g komog-.- '
' e e}ia!es were u.sed for measurmg the levels of maloudialdehyde (MDA ) and reduced gluratluone ( GSH ) It
._: was found that N, N—dm:etlxylformamide has. no .wgmf cant. eﬂect on stud:ed btochenucal parameters S

' when compared wuh —ve coutrol 3roup The mean level of lung MDA was fomzd to be srgmﬁcamly Iugher

(oompared with conrrol groups) m rars nuec.red with mtroﬁ;rantom but the mcrease was more in, rats of R

e sabgroup 2a An ra!s recewed desfera! w:da mtroﬁ:rautam ogecnon the mean leve! of lung MDA was .
e found to be srgngﬁcamiy Iower ﬂzan its meau Ieve! in group 2 On the other hand Ihe mean Ieve!s of re-: :: o )
i duced GSH in Iung and serum were fo:md fo. be s:gmﬁcantly Iower (compared wuk controI graups) in B .

' rats of subgroup 2b In mts recewed desfem! wn‘h mrroﬁerantom uuecnon and kdied aﬁer 2 da_vs !he_:._': . _

. meou Ievels of reduced GSH in Iung and serum were foamd Io be .ﬂgmf cantly Iugher than thezr mean lev— R

el mgroup Zb . -
INTRODUCTION B - 'A‘dverse :dx_‘_ug'--_re_acti_ons'to_-ni_t_rpfurantoin_
. R include pulmonary reactions, hepatic tox-
- Nitrofurantoin is used for prophyiaxxs -~ icity, blood dyscrasias and peripheral neu-

and treatment of unnary tract’ mfechon ' '.ropathy':(qumberg _é_t al.,; 1980). Pulmo-
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_ 'naxy toxrcnty from mtrofurantom therapy

- has been descrrbed in two forms, acuteﬁu
= 'and chromc Iung drsease (Cooper et al,

©1986). Results from both in vivo (Boyd et

“al., 1979) and in vitro (Martm et al, 1985)__ o

. studies have suggested that nitrofurantoin .

-_mduced pulmonary tox1c1ty IS exerted v1a_ b
H ate the protectwe effect of desferal against |

. o -_E_mtrofurantom induced acute pulmonary
--_"toxrc effects in alblno rats.

"ox1dantstress L

_ The exact rnechanlsms by whlch mtro—"_
_'furantom damages ‘the. lung remain un-
clear. Nrtrofurantom actlvatlon under aer~'_'_. R

" obic ".conditions may proceed via one - o
_-electron reductlon ‘of ‘the nitro group to

- the mtro -anion radlcal Thls amon rad;.cal_- N
s auto oxidized raprdly in the presence of - ;'
molecular oxygen to regenerate the parent:
. compound -and - the - superoxrde anion .-
_ (Trush et al,, 1982). The superoxide anion
may drsmutate, exther spontaneously orin

form hydrogen perox1de (Martm, 1983)

Hydrogen peroxrde (H202) was shown_"- -'
to be reduced to hrghly reactive hydroxyi '
_rad1ca1 ( OH) in . iron catalyzed Fenton =~
~ type reactxon (Walhng, 1975) Thus by che-’
~lating i 1ron in a catalytlcally 1nact1ve form, E
which is achieved by deferrioxamine, it
would be posmble to block the generatxon -

of (OH) (Burkltt et al 1993)

‘The- lung contains. mtracelluiar antioxi-
dant enzymes to maintain a normal redox
state (Cantin et al., 1987). Drsequlhbrlum,
either through increased oxidant stress or

Mansoura J. Forensic Med. Clin, Toxicol.
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decreased anhoxxdant resources, can re- |

©sult in a series of pathophysrological
g ":events in the lung ¢ that culminate in cellu-
| lar death and - pulmonary dysfunctlon
§ (Heffner and Repxne, 1989) :

The aim of the present work is to evalu- -

'-MATERMLMD o

Drugs A TR e _
Nitrofurantoin macrocrystais Macrofu— :

ran 100 mg capsule (Kahira pharma, Caz—
10, Egypt) was’ purchased Each c:apsule :
 was evacuated and dissolved in'3 ml. N,

N- dimeth_ylfor_xnarr_ude a_c_co_r_dmg_ to Barry

‘and Lasner (1976) then diluted with dis-
the presence ‘of superoxide drsmutase to  tilled water to give a final concentration of
© 20 mg/ml. It was injected in a dose 200
o -_mg/kg S.C. which is known" to induce

- acute puimonary toxrcrty accordlng to

' :Zacharras and Pang (1992)

Deferoxarnme methansuiphomc 500 mg

_ . vial (Novarhs pharma AG, Basle, Swrtzer~
o 'iand) was dissolved in 5 ml. distilled wa-
ter. It was grven in two doses each of them
100 mg,’ kg mtra—perrtoneal (I P) as in the

study of Towner et al. (2002). -
Animals:
‘The study was carried out on 70 adult

male -albino rats obtained from animal

Vel. XV, Ng.2, July 2067
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house ‘of Mansoura Faculty of Medicine.
Their weight ranged fror 195 - 220 g. The
rats were housed in méfamé:cagefs“m room
temperature wrth day ‘and ‘night - hght”' | o
| _Z:'-rhythm ‘Animals fed a nuxture comammg‘ o
_bread bran and’ ground maize as well as.
;.thoroughiy washed ieafy vegetables aud'-_
- free water supply ‘They were allowed to
_"acchmatlze to their new envnonmem forl :

B 10 days pnor io the study

Rats ‘were classrfled zrito 4 groups,_' |
'-_group (0) conslsted of 10 rais and other
- three groups named group 1, groiip 2 and o
5 group 3, each of them consisted of 20. rats, -
: '_";Group (0) was’ glven dlstalled water’ by m~'-'

_' -'traperltoneal (L P) route and ‘was used as
'negatlve control group In ‘group 1, rats
" were given s:ngle SC m]echon of N, N-
_ _'dlmethylfozmamxde in the same dose used
“to dlssolve nltrofurantom and was, used as
_ posxtlve controi group. In: group 2, rats

_'were glven smgie S.C. m;eet:on of dls-_ '
:'solved mtrofurantom (200 rng/kg) In_

group 3 rats were given two LP. injections
of ‘desferal” (each of them 100 mg/kg) in
addition to the’ smgte 5.C. mjecnon of ni-
trofurantom, _the first were ngen 1 hour

before. mtrofurantom m;ectlon ‘and the
:other dose was glven 12 hours after the :

first dose

Groups 1, 2 and 3 were divided into
two “equal’ subgroups a and b (10 rals
each). Rats of subgroups (a) were killed
one day after N, _N_~d1methy1f01marmde or

Mansoura J. Forensic Med, Clin. Toxicol.

' _mtrofurahtoin : 'i'n'jectious _ whereas - . they_
“were killed two. days after these m}echons_ -
in subgroups (b) Gl

Samples collect:on s B
Rats were sacrlﬁced by cut, throat then a -

_'blood sample 3 ml) was taken from the - i

cut: throat then centnfuged and the coliect—’ :

_ed sera were. analyzed for the. levei of ser-' o
- um reduced glutath;one (GSI—I) :

Each rat wasrchssected after takmg the 5

'--_blood sample and lungs were unmedzately

“excised. Lungs were. rmsed with ice cold -

"saime to remove excess blood then mmced

and homogemzecl in 0.02M sodlum phos—

. phate buffer pH 7.4 (1:10 w/v) using a
o Potter—Elveh;em smooth glass homogemzn -
~er with'a motor. drlven teflon pestle Lung

_homogenates were ‘used for ‘biochemical.

- .assessment of mtrofurantom induced pul« N

' -_monary toxncnty by measuring. the levels of
: 'maiondxaldehyde (MDA) and reduced __

: giutathlone (GSH) m lung tlssue '

. Brochemlcal studxes :
Serum reduced glutathxone (GSH) was

-deternuned enzymanealiy by the glutatlu—
one-reductase -
: 3mtr0benzoxc ac1d) reeyelmg assay. accord-

=B dlthlobls (2-

mg to method descrxbed by Tietze. (1969).
Serum reduced GSH ‘was expressed as

Malondialdehyde (MDA) contents in
lung homogenates were measured  spec-

Vol, XV, -No. 2,  July 2007
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'_trophotometrrcally (at 535 nm) accordmg C
- to the method of Lowry et al. (1951). Mal-.
L ondialdehyde level . was® expressed as |
k nrnol 7/ mg protem of lung nssue R

- Reduced GSH contents in lung hemog—" o
- f.‘enates were: measured accordrng to. the
method of Kuo and Hook (1982) which
~“was based on conversion of 5, 5 dlthlobis__
X '_--.'(Z-mtrobenzozc acid). (DTNB) to 5-thio-2-
- nitrobenzoate- (T'\IB) Formation of TNB__-'---

. "was measured by spectrophotometry at

| '-_--_.412 nm. Reduced GSH level was ex-
:'pressed as umol / g protem of lung tzs-_' :

Statlstleal analysxs. b S
Statlstlcal analysis. was done by usmg :
.the Statlshcal Package for Socxal Science

- (SPSS): prograrn version 12, The followmg

 statistical parameters were: uhhzed anth—_' '
5met1c mean (x), standard devxahon (i SD) -
‘and Student  t-test. Srgmfrcance was con-

szdered atP: value less than 0 05
' RESULTS .' =

The mean levels of lung MDA lung re-

-duced GSH and serum: reduced GSH:in.

+ve contrel subgroups (la and 1b) showed
no srgruﬁcant differences when cernpared
thh each. other and when compared with
their mean 1evels in -ve control (0) (Tables
1,2 and 3)

: Lung MDA mean level in rats of sub-

Mausoura J. Forensic Med. Clin. Toxicol.
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B groups 2a and 2b (mjected wrth mtrofu—_
- rantom) was srgmfrcantly hlgher when :
control - groups_-f

(la and 1b- respectwely as well as. group -
~.0). This increase was srgmfxcantiy more m' :
-'::-rats of: subgroup 2a than in rats of sub-» .
: '3group 2b. In rats of subgroups 3a and. 3b
:.'(recelved desferal with mtrofurantom m—. ?
:']ectlon) the mean level of iung MDA was
.}srgmfrcantly lower than its mean. level in
- rats-of subgroups 2a. and 2b. respecnvely,_ :
. but still 1nsrgmf1cantly hlgher than its -
_ "_mean level in control groups. Comparzson_ ';
| :_between mean lung MDA levels in sub-
- groups. 3b versus. 3a’ revealed no srgmfl- -
_.cant dlfferences (Tables 1 4) |

compared wrth “both -

There was sxgrufzcantly 1ower mean lev-

_._el of Iung reduced GSH in. rats of sub-
- group 2b. ~when. compared with control
‘groups © and lb) as well as. subgroup 2a,
* In rats of subgroup 3b the mean level of
‘lung: reduced GSH. was srgruﬁcantly hrgh-.
_er than its ‘mean level in rats of subgroup
2b, ‘but shll 51gruf1cantly lower than -its
o ;mean level in control groups. and sub-

group 3a. On the other hand, mean. level

of lung reduced GSH in other subgroups
2a, and 3a showed no srgmﬁcant dszerenc— |
es' when compared with control groups |
“and when compared with each other (Ta-

bles 1 4)

There was s1gmﬁcantly lower mean lev—
-ei of serum reduced GSH in rats of sub- |

group. 2b when compared with control

Vol XV, ‘No.3, July 2007
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_grOLps as well as - subgroup 2a (mjeeted_
with nitrofurantoin and killed after 1 day).
In rats of subgroup 3b the mean level of -
: -_”'lung reduced GSH was szgmfleanlly high-
“er than its mean Ievel ‘in rals of subgroup; .
- 2b, but. stlll mmgmf;cantly lower than its -

| -of serum reduced GSH in OthEi subgroups

:__;2a, and 3a showed no 31gmf1cant dlfferenc~_ :_"j -
es ‘when compared ‘with control groups
_'and when compared thh each other (Ta—

“bles 1 4)

- :-'-'-:'-.---;DISCUSSION-;_-. G
: i f 'rantom in the present study a s:agmﬁcantly ;-
. lower level of MDA in lung tissue as well
_ _'-as szgrufzeantly hxgher levels of reduced
GSH in lung tissue. and serum were ob- b
--'served compared w1th their levels inrats -
' gwen mtrofuranhon alone These levels of

B The szgmflcantly mcreased level of mal—.
..ondlaldehyde (MDA) in- lung tissue. as
well as 31gmf1cantly decreased levels of re-_:

-duced glutathlone in lung tissue and ‘ser-
um'in this. study suggests- that- mtrofuran—
toin’ can ‘induce pulmonary tox1cxty via
oxidant stress mechanisms. These ‘mecha-
nisms are not -attributed to N, N-
_dxmethylfmman‘ude solvent used to dis-
“solve nitrofurantoin which was found fo
have no significant effect on the biocherni-

~ cal parameters measured in the present_

study

The above suggestion is based on the
fact that, the increased lipid peroxidation
(assessed by increased level of MDA) and
decreased reduced GSH in tissues are con-
sidered as sensitive indicators of oxidative
stress (Tom and Montgomery, 1980).

Mainsoura J. Forensic Med. Clin. Toxicol,

These fmdmgs are on coor dmance w1th

__"the studies  of - Dunbau et al (1984) and
' "-Hoener et al (1989) who observedadeple-
~ ton. of reduced GSH with concurrent:in- .
“creases in ox1dxzed sulfhydryls (GSSG) in- -
o mtrofurantom perfused lung and liver re- . |
:'ﬁ_mean level in ‘control’ groups and “sub- '-:_-spectzvely The" ﬁndmgs of. the present

;,_'group 3a. On the other hand, mean level - __
~.and Pang (1992) who. prov1ded invivoevi-

dence for substantiating lipid peroxidation
‘asa possﬂale cause of lung damage follow- -

. mg smgle subcutaneous m]ectlon of mfro_ o
"furantomznrats T

study coincide with those of Zachanas :

When desferal was g1ven thh rutrofu—__'

the bxochemlcal parameters whxch were'

| ".near thesr ievels in control groups, suggest _
“that desferal had played arole in minimiz- -
ing the ox1dat1ve stress mduced by mtro-

furantom

Ac_co.rding to Walling (1975) hydrogen

- peroxide (H202) produced in the course

of nitrofurantoin activation; was shown to
be reduced to highly reactive hydroxy!
radical (-OH) in iron catalyzed Fenton

type reaction. Thus the protective effects

of desferal against nitrofurantoin induced
oxidative stress may be explained partially
on the basis of its ability to form complex-

. Vol. XV, No.2, July 2007
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o es w1th iron, thereby reducmg »OH 1ad1ca1 g
. _generation. Another supposed rnechamsn ;
; is that of Caracem et ak (1995) who stated_
- that desferal is. not only an iron chelator -
~“butit also. scavenges directly the hydroxyl
'-'}radrcal (OH) as’ weli as the superoxrde. o

o radlcaf

Thrs protechve effect of desferal coin-

L ___jc1des with’ ﬁndmgs of Younes and Sxegers_' o
e (1985) and Kohenand Chevron (1985) who
_observed that desferal prevented the toxic-

ity of carbon tetrachiorlde and paraquat o

" -.whrch are free radlcal generatmg toxins.
" Wronska-Nofer et al. (2000). found also
that iron chelation w1th desferal abolished

‘cadmmm provoked 11p1d peroxrdatron -

| _'thus attenuatlng oxxdatwe stress
In contrast to these fmdmgs, the study
':of Kiyose et al. (1999) who demonstrated

that desferal stxmulates the formation of
'_mtroxlde free rachcals and promotes hpld

Massoura ], Forensic Med. Clin. Toxicol.

- 'peromdatlon durmg in v1tro study of its
effect .on Ca2+-ATPase of skeletal sarco- -
B piasrmc retrculum They supposed that
~ this effect ‘may occur only: with prolonged ;
:chmcat use of thxs chelator el

It 1s concluded that mtrofurantom can

__'mduce pulmonary toxrcxty via: oxidant -
- 'stress mechamsms It can. be conciuded :

a}so that 1ron chelator desferai is effectwe

I1n mrmmlzmg these 0x1dant stresses by re-
3'ducmg hydroxyl 1ad1cal generanon or
-'scavengmg them S

Accordmgly, _1t 1s recommended that _

' _desferal can be given to the patlents re-

ceiving repeated courses or hrgh doses of
nitrofurantoin to. minimize ‘or abohsh its -

' :_'possrbke adverse toxic: effects’ specxaily on

the lung. It is recommended also that esti-
mation of- serum reduced GSH in these pa-

:ﬂents can be used as. mdicator for deveiop—

ment of mtrofurantom toxic effects

- Vol. XV, Ne. 2, July 2007
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Tab]e (1) Campatison between Ievels of lung MDA lung reduced GSH and serum - :
‘reduced GSH in dlfferent subgroups of the study versus those m control
gloup(ﬂ) : Tt SR S

Parameters

Group_ :

. Group(l) :. .. :

Growp@

':"::G_’LQ“#-(3j_- P

. Suhgr_uup .

la

(kliled after | -

Bk day)

Subé;ou_p .
(killed gfter

-2 days)

- { : ‘Subgroup -
N 22, .
(eilted after
Clday)

(kiDed stter

Subgroup Z‘f

E '2da'y|) -

Subgfoﬁp
FEE> T TS

('mned after t
- day)

“Subgroup
3h
(kilied after.
-2 days)

| #tean

1066 -

1069 -

o 1.773 '..1;:_: B

14

- -"1_;097

1079

: Lung g

£0.048 -

+ 0.053

k0053

40,050

5:0096 s

40032 | %0

3 E.{asp.-
MDA

o B

Lt

nmol/ing

0.835

09

<0.001*

< 0.001%

04215

Mean': :

Lung

1727

1751

LA L

CLTsT

1087

1,647,

reducéd : .;

[ xo047

E0,062°

U E0,061 {

E0045

20061 | -

£ 0.054 -

sp

umolg f,

0293 -

0,816

BE Y

< 0.001%

op16* |

Mean

19.395 -

1941 -

19,18

19435

13,565

1718975 -

Serum

reduced | sp

+0.638

30,734

Tiga

'10.38"_7 T Tome

10,508

CGSH

0,673

T

l

T

nmolim) -

0.967

0507

0872

<0.001*

9063

% Significant ifP<0,05 . -

i . ~Group 0: - ve controf

Ctewge

- Group I: + ve contro! injected N, N- dimelhylfnrmamide S, C
-Group 2: injected single dose disselved nitrofuranioln S.C. ’
_Group kH iujected s!ngle dose dissolved nitrnl‘uran!oin 5.C.+ 2 doses desferal LP.

. lnsignil‘lcaﬂtil‘?>{}.95 e

i . ]uwer S

Table (2) Comparlson between levels of lung MDA Iung red;lced GSH and serum reduced

GSH § in rats of subgroups (a) iuiied after 1 day

0028 .}

GROUPS

SUBGROUP 2A

SUBGROUP 3A

SUBGROUP3A -

VERSUS SUBGROUP. '

VERSUS SUBGROUP
lA .

lA

ZA

VERSUS SUBGROUP

Lung MDA . o

| PARAMETERS

.-?

'-T

< 0.001*

0431

ST 000k

Lung reduced GSH

A

0.824

0.922

Serum reduced GSH

T

T

T

0.930

0.959

0.968

T = higher

* Significant if P <0,05,
1 = lower

Tnsignificant if P >0.05

Mansoura J. Forensic Med, Clin. Toxicol, Vol. XV, No.2, July 2607
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Table (3) Comparrsoo betweeu lcvels ol‘ lung MDA lung reduced GSH and serum_ _ -
ST reduced GSH in rats of subgroups (b) lulled al‘ter 2 days SRR

R Groups

| Parameters TN

versus

Subgroup 2b

subgroup 1!)

Subgroup 3b:_ 1 _SulJ'g'_I_‘ou_p 3b
=1 Sversus. |
; S_ubg_ro_up_lb"

L versus '

subgroup 2b

Lung MDA " LR

P[0 <000+ |

| _u‘.;,g }é'da_c'edf(';'s'uf

: Serum reduced GSH

e[ <o [

L Slguiﬁcant lf P <0 05
. g Insngmﬁcant if P >0 05

1= hlgber L

'l-lower B T

T e

'I‘able (4) Comparrson between levels of lung MDA luug reduced GSH and serum |

(a).

“reduced GSH in rats of subgroups (b) Vversus those in. rats of subgroups L

| Parameters

Groups

Subgroup 1b . |

versus subgroup
la

Subgroup 2b -

versus subgroup

Subgroup 3b
versus subgroup
3a

| Lung MDA

; Lung ré_duced
GSH

T

o <0,001%

1

<0.001* -

. _ Serum reduced
'GSH

P

0420 7

i Signilf cant if P <0.05.

- Insignificant if P>0.05 ...

T =higher
.l:lower e g

Mansoura J. Forensic Med. Clin, Toxicol.
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