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The role of N-acetylcysteine (NAC) in
treatment of acetaminophen overdose is
well established (Rumack, 2002). It mainly
acts by providing cysteine, a precursor for
glutathione (GSH) synthesis, thus enhanc-
ing metabolism of N-acetyl-P-
benzoquinoneimine (NAPQI), a toxic me-
tabolite of APAP, so reducing hepatotoxic-
ity induced by toxic doses of APAP (Cor-
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widely used analgesic antipyretics world-
wide. It is one of the most common phar-
maceuticals associated with both inten-
tional and accidental poisonings (Ray et
al., 1996).
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ABSTRACT

Acetaminophen (APAP) is the most commonly reported toxic ingestion in the world. Severe liver inju-

ry resulting from overdose of APAP remains a significant clinical problem. This study aimed to assess the

use of rutin in the treatment of acute acetaminophen toxicity compared to N-acetyl cysteine (NAC) in

mice. Sixty mice were divided into 6 groups; group (1) as a control group, group (2) was given toxic dose

of acetaminophen 250 mg/kg once by intraperitoneal injection "i.p.", group (3) was given N-acetyl cys-

teine 204 mg/kg once i.p., group (4) was given 28 mg/kg rutin once orally, group (5) was given toxic dose

of acetaminophen followed by N-acetyl cysteine after one hour once i.p. and group (6) was given toxic

dose of acetaminophen followed after one hour by four oral doses of rutin at 12 h intervals. Animals were

sacrificed 12h after the last treatment. Alanine transaminase (ALT) was measured and liver was removed

and examined histopathologically. Results showed that acute acetaminophen hepatotoxicity was best

treated by multiple doses of rutin rather than single dose of NAC. It is concluded that rutin can be used in

treatment of acetaminophen induced acute hepatic toxicity.
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MATERIAL & METHODS

Chemicals :
Injectimol infusion bottle (100 ml) (Ace-

taminophen, N-acetyl-P-aminophenol
(APAP) parenteral solution as 10 mg/ml,
El-Amreia Co.) was purchased from the
local market and used for intraperitoneal
injection (i.p.) injection. Rutin (Sigma) was
dissolved in distilled water forming emul-
sion and was given orally by gavage. N-
acetylcysteine (Sedico Co.) was dissolved
in saline and used as i.p. injection.

Animals:
Sixty Balb C male mice (25–30 g) ob-

tained from Medical Experimental Re-
search Center (MERC), Faculty of Medi-
cine, Mansoura University were used in
this study. Animals were housed under
standard environmental conditions and
had free access to tap water and food. 

Study design:
Mice were divided into 6 groups, 10

mice each. Group (1) served as control
group. Group (2) was given toxic dose of
acetaminophen (250 mg/kg once by intra-
peritoneal injection “i.p.") according to
Terneus et al. (2008). Although intraperito-
neal route is not the usual route of expo-
sure, it was chosen being easier besides
the aim was induction of hepatotoxicity
through i.p. route as previously reported
by Terneus et al. (2008). Group (3) was
given N-acetyl cysteine in a dose  of  204

coran and Wong, 1986). 

Rutin is one of the phenolic compounds
and flavonoid glycosides mainly found in
flowers and fruits. It was first extracted
from Ruta graveolens which is broadly
spread in nature (Lee and Jeune, 2013).
Rutin, exhibits multiple pharmacological
activities including anti-bacterial, anti-
viral  (Panasiak et al., 1989), anti-protozoal
(Iwu et al., 1986),  anti-tumor (Deschner et
al., 1991),  anti-allergic  (Chen et al., 2000),
anti-inflammatory (Aleksandrov et al.,
1986) and anti-platelet (Swies et al., 1984)
activities. 

Moreover, anti-diarrheal (Di-Carlo et
al., 1993), anti-ulcer  (La  Casa  et al.,
2000), anti-spasmodic (Mata et al., 1997),
anti-mutagenic  (Bear and Teel, 2000),
myocardial  protecting  (Pozin  et al.,
1996),  vasodilator  (Chung  et al., 1993)
and anti-oxidant (Kamalakkannan and
Prince, 2006)  activities  of  rutin  have
also  been reported. It  has  been  tradition-
ally  used in liver damage (Perry, 1980).
Pre-treatment of  rats  with  rutin  prevent-
ed  both  paracetamol and  CCl4  induced
rise  in  hepatic  enzymes  (Janbaz et al.,
2002). 

The aim of this work is to assess the
possibility of using rutin as  an antidote
for acute  acetaminophen toxicity com-
pared to N-acetylcysteine therapy  in
mice.



3  

Vol. XXII,  No. 1,  Jan. 2014Mansoura J. Forensic Med. Clin. Toxicol.

Gad El-Hak et al ...

eosin and examined with a light micro-
scope (Lica CX21 microscpoe). Liver sec-
tions then  were scored  and  evaluated
according to  the severity of  hepatic  inju-
ry  described by Ishak et al. (1995).

Statistical analysis:
Results were expressed as mean ± SD,

median and range. Data were processed
using SPSS program Version 14. Statistical
comparison between variables was made
by the Student’s t-test for ALT levels. His-
topathological results were tabulated, and
compared using Fisher Exact test. P < 0.05
was regarded as significant.

RESULTS

As shown in table (1), compared to neg-
ative control group, acute toxic dose of ac-
etaminophen induced significant increase
in ALT levels (P= 0.001) meanwhile both
rutin and NAC induced significant de-
crease in its levels (P= 0.022 and 0.034 re-
spectively). Administration of either rutin
or NAC after acute toxic dose of acetami-
nophen improved ALT levels significantly
in case of rutin (P= 0.008) and insignifi-
cantly in case of NAC (P= 0.076). Howev-
er, in both groups ALT did not return to
control level (P= 0.004 and 0.0001 respec-
tively). Rutin was better than NAC for im-
proving ALT levels (P= 0.0001). 

Tabulation of histopathological score
results is illustrated in table (2). Control

mg/kg once i.p. (Terneus et al., 2008).
Group (4) was given rutin once orally ac-
cording to the study of Janbaz et al. (2002)
on rats, the dose was calculated in mice by
using Paget and Barnes table and was
found to be 28 mg/kg. Group (5) was giv-
en toxic dose of acetaminophen followed
by N-acetyl cysteine after one hour once
ip. Group (6) was given toxic dose of ace-
taminophen followed after one hour by
four oral doses of rutin received at 12
hours intervals till the end of 48 hours. All
animals were sacrificed by cervical dislo-
cation 12 hours after the last treatment.

Methods: 
Blood sample was collected from each

animal for determination of alanine trans-
aminase (ALT) as a liver function test. An-
imals were dissected to obtain the liver to
be examined histopathologically by the
light microscope. Serum was separated by
centrifugation of blood at 3,000 rpm for 15
minutes. Serum alanine transaminase
(ALT) was estimated spectrophotometri-
cally using Merck diagnostic kits.

Liver was removed from each animal,
fixed in 10%  of  phosphate buffered (neu-
tral) formalin, cleansed through running
water,  dehydrated  by  gradually  increas-
ing concentrations of alcohol, then extra
alcohol  was washed  by  xylene  and  em-
bedded in paraffin block. The paraffin
block was  sectioned  as  4~5 µm thickness
then it  was stained with hematoxylin-
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control, acetaminophen induced insignifi-
cant (P = 0.133) mild inflammatory reac-
tions in zone I, significant moderate in-
flammatory reactions (P = 0.0001) and
moderate apoptosis (P = 0.0007) in zone III
of hepatic lobules. Multiple doses of rutin
insignificantly (P1 = 1) improved zone I
inflammatory reactions but significantly
improved zone I hydropic degeneration
(P1 = 0.044); inflammatory reactions (P1 =
0.0001) and apoptosis (P1 = 0.0007) in zone
III of hepatic lobules. These improvements
did not return to normal control figures
for zone I hydropic degeneration (P =
0.032) and inflammatory reactions (P =
0.057).

 
On the other hand, NAC induced insig-

nificant improvement in zone I hydropic
degeneration (P1 = 0.23) and inflammato-
ry reactions (P1 = 0.60). These improve-
ments were insignificantly different from
the control figures (P = 0.21 regarding
zone I hydropic degeneration and P = 0.37
regarding inflamatory reactions). It in-
duced significant improvement in zone III
inflammatory reactions (P1 = = 0.0001)
and apoptosis (P1 = 0.0007). 

Rutin and NAC were insignificantly
different in improving acetaminophen in-
duced zone I hydropic degeneration (P2 =
0.65) and inflammatory reactions (P2 =
0.58). Both rutin and NAC induced com-
plete improvement of zone III inflammato-
ry reactions and apoptosis. 

mice showed normal liver architecture
(Fig.1) apart from minimal portal inflam-
mation  in  60 % of  mice (Fig. 2). Both ru-
tin and NAC groups showed normal liver
architecture (Figs. 3 & 4 respectively).

Acetaminophen induced mild to mod-
erate portal inflammatory reaction in 40%
of mice and mild to moderate portal in-
flammatory reaction in all animals (100%)
(Fig. 5), zone III (centrilobular) hepatocy-
tes moderate degeneration, necrosis and
apoptosis (Fig. 6) in 80% of mice and mod-
erate hydropic degeneration (Fig. 7) in
three out of the ten mice (30%). Macro and
micro-vesicular steatosis (Fig. 8) was ob-
served only in one mouse (10%). 

Multiple doses of rutin improved toxic
effects of acetaminophen on the liver of
mice with some residual mild effects (Fig.
9) in the form of mild hydropic degenera-
tion of zone I hepatocytes that was ob-
served in five out of the ten mice (50%)
and mild portal inflammation that was
found only in one mouse (10%) .

NAC also induced improvement of tox-
ic effects of acetaminophen on the liver
with some residual mild effects in the
form of mild hydropic degeneration and
mild portal inflammation (Fig. 10) in three
out of the ten mice (30%). 

Statistical comparison of pathological
results (Table 3) showed that, compared to
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used  after  exposure to a toxic dose of ace-
taminophen. 

An interesting finding in the present
study is the return of histopathological liv-
er damage induced by toxic dose of ace-
taminophen to near normal after either ru-
tin or NAC treatment while ALT levels
did not. A similar observation has been re-
ported by Yin et al. (1999) and Ronis et al.
(2005) where ALT levels were poorly cor-
related with ethanol-induced liver injury
in both human and rats.

On the other hand, the residual mild
hydropic degeneration may explain the
high ALT levels found at the end of thera-
py. Although acetaminophen induced sig-
nificant elevation in ALT levels that are
closely parallel to histopathological liver
damage, yet, some other toxins have been
reported to increase serum ALT with no
histopathological liver finding (Wang et
al., 2011). 

It is well known that excessive APAP in
hepatocytes is metabolized into NAPQI
mainly by number of isozymes of cyto-
chrome P450. Accumulated NAPQI kills
hepatocytes by depletion of GSH accom-
panied by oxidative stress (Jaeschke et al.,
2002).

NAPQI reacts with GSH, leading to its
depletion by as much as 90%. Subsequent-
ly, the metabolite covalently binds to he-

DISCUSSION

This study was conducted to assess the
possible use of rutin as an antidote for
acute acetaminophen toxicity compared to
the current antidote N-acetylcysteine. His-
topathological findings and serum ALT
values observed in this study revealed
that hepatotoxicity induced by acetamino-
phen overdose was best treated by multi-
ple doses of rutin rather than the single
dose of NAC; the standard regimen of ace-
taminophen overdose treatment.

 
High  serum  ALT  levels in acetamino-

phen-treated  mice  were  closely  parallel
to  histopathological  liver damage, as
previously  reported  (Di Pierro  and  Ros-
soni, 2013; Kim  et al., 2013;  Yahya  et al.,
2013).

ALT  levels  obtained  from  the  ace-
taminophen - rutin - treated mice were
lower  than  those from the acetamino-
phen -NAC- treated  mice. However, such
values were significantly decreased com-
pared to those of the acetaminophen
group. Similar results were reported by
Janbaz et al. (2002) who found that rutin
pre-treatment could  ameliorate acetami-
nophen induced hepato-cellular damage
evidenced by preventing the increase of
serum transaminases levels  subsequent to
its exposure. The advantage of  the
present  study design  is its simulation to
clinical practice in that the antidotes were
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may  also  be partly involved in the pro-
tective effect against  acetaminophen  in-
duced hepatotoxicity observed in this
study.

Interestingly, the use of multiple doses
of rutin can decrease ALT levels induced
by acetaminophen overdose rather than
the single dose of NAC. N-acetyl cysteine
is given to stimulate the production of
GSH. In clinical practice, NAC is usually
used  in multiple doses but  experimental-
ly as  a single dose. This  may explain  the
lower efficacy  of  NAC  in  the  present
study.

In conclusion, the results of the present
study prove that multiple doses of rutin
are more efficient for improving acute he-
patotoxic effects induced by acetamino-
phen than a single dose of NAC. If an-
other future work show the same
beneficial effects of rutin compared to
multiple doses of NAC, we think that at
least a rationale base exists to start check-
ing if this effect seen in mice, is observable
in human too. 

patic  cellular  proteins  and  the lipid  bi-
layer of hepatocyte membranes. Paraceta-
mol was found to cause statistically signif-
icant increase in malondialdehyde
quantity both in vitro  and  in vivo (Simeo-
nova et al., 2013) and may result in  hepat-
ocellular death and centrilobular liver ne-
crosis (Ray et al., 1996;  McConnachie et
al., 2007).

The inhibitors of cytochrome P-450
(CYPs) are known to reduce the toxicity of
paracetamol (Li et al., 1997), hence the re-
ported inhibition of CYPs by rutin (Bear
and Teel, 2000) might have contributed fa-
vorably toward its observed hepato-
protection (Chang et al., 1993). 

Inflammation plays a central role dur-
ing drug-induced acute hepatitis and leu-
kotrienes, the 5-lipoxygenase products of
arachidonic acid metabolism have been
extensively involved in the inflammatory
processes (Perez-Alvarez et al., 1993). The
reported anti-inflammatory (Aleksandrov
et al., 1986)  and  5-lipoxygenase inhibito-
ry (Swies et al., 1984) activities of rutin
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Table (1) : Comparison between control and different test groups regarding ALT levels (n=60)

APAP: acetaminophen, NAC: N acetyl cysteine, P: is for comparison with negative control group, P1: is for comparison with acetamino-

phen group, P2: is for comparison between groups treated with NAC and that treated with rutin following acetaminophen acute toxici-

ty, P < 0.05 is considered significant.
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Table (2) : Cross tabulation of histopathological results of the mice liver in the tested groups (n= 60)

APAP: acetaminophen, NAC: N acetyl cysteine, 
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Table (3) : Histopathological results of the mice liver in the tested groups (n=60)

APAP: acetaminophen, NAC: N acetyl cysteine, P: is for comparison with negative control group, P1: is for comparison with acetamino-

phen group, P2: is for comparison between groups treated with NAC and that treated with rutin following acetaminophen acute toxici-

ty, P < 0.05 is considered significant.
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كن استخدام الروتن كترياق لعلاج التأثير السمى على الكبد نتيجة هل 
? دراسة تجريبية التسمم الحاد بالأسيتامينوف

شتركون فى البحث ا

أ.د. سهام على جاد الحـق               أ.م.د. أمال عبد السلام البقرى
د. سميرة حامـد شعبان                  د. وجــدى الكاشـف*           

ط. نانسى أم عبد الحـق
من قسمى الطــب الشرعى والسـموم الإكلينيكية والباثولوجى*

نصورة كلية الطب - جامعة ا

يعتـبر الأسيـتاميـنوف من أكـثر العـقاقيـر استخدامـا في العالم ولا تـزال الإصابة الحـادة للكـبد النـاجمة عن جـرعة زائدة من الأسـيتامـينوف

تمثل مشكـلة سريرية هامة. الهدف من هـذه الدراسة هو تقييم استخدام الـروتن كترياق في علاج التسمم الحاد بالاسيـتامينوف مقارنة مع العلاج

ـعتاد بـواسطة  N- أسيـتيل سيـستـاين في الفـئران. وقد شـملت هـذه الدراسة سـت فـأرا  تقسـيمـهم إلى ٦مجمـوعات مـتساويـة على الـنحو ا

التالي: المجمـوعة الاولى: مجموعة ضابـطة المجموعة الثانيـة:  إعطاؤها جرعة سامـة من الاسيتامينوف (٢٥٠ مجم / كجم حقنا في الغشاء

الـبريـتوني). المجـموعـة الثـالثـة:  إعطـاؤها  N أسيـتيل سـيسـتاين (٢٠٤مـجم / كـجم حقـنا في الـغشـاء الـبريـتوني). المجـموعـة الرابـعة: 

إعطاؤها الروتن (٢٨مجم / كجم عن طريق الفم). المجموعـة الخامسة:  إعطاؤها جرعة سامة من الاسيـتامينوف تليها جرعة من N- أسيتيل

سيستاين بـعد ساعة واحدة عبر الغشاء البـريتوني.و المجموعة السادسة:  إعطـاؤها جرعة سامة من الاسيتامينـوف يليها بعد ساعة واحدة أربع

جـرعات من الـروتن عن طريق الـفم (جـرعة/ ١٢سـاعة). وقـد  ذبح الفـئـران بعـد ١٢ساعـة من الجرعـة الاخيـرة و تجـميع عـينـات الدم من أجل

يكـروسكـوب العـادي. وقد أظـهرت هـذه الدراسة أن تحديـد مسـتوي انـز ألان تـرانس أمينـاز ثم تشـريح الفـئران واسـتخـراج الكـبد  وفـحصه بـا

-N تعددة من الروتن كانت أفضل في علاج التأثـير السمي لجرعة زائدة من عقار الاسيتامينوف على الكبد بدلا من جرعة واحدة من الجرعات ا

أسيتيل سـيستاين حيث تحسن مـستوى انز ألان ترانس أميـناز و تحسنت التغـيرات الهستوبـاثولوجية في الكبـد. ويستنتج من ذلك أن الروتن

. كن استخدامه في علاج التأثير السمي على الكبد نتيجة التسمم الحاد بالأسيتامينوف


