Jour
na

ugs
Dr

vel
f De oping
lo

Journal of Developing Drugs

Juma et al., J Develop Drugs 2015, 4:2
http://dx.doi.org/10.4172/2329-6631.1000130

ISSN: 2329-6631

Research Article

Open Access

Protective Effects of Urtica dioica and Cimetidine® on Liver Function
Following Acetaminophen Induced Hepatotoxicity in Mice
Juma KK*, Maina SG, Muriithi JN, Mwangi BM, Mworia KJ, Mwonjoria MJ, Ngeranwa JN and Mburu ND
Department of Biochemistry and Biotechnology, Kenyatta University, Nairobi, Kenya

Abstract
Studies have demonstrated that Urtica dioica promotes regeneration of the liver cells following damage by carbon
tetrachloride. This study investigated the effects of Urtica dioica on liver function following acetaminophen overdose.
Mice were divided into eight groups of ten each. Acetaminophen at 250 mg/kg and 500 mg/kg significantly (p<0.05)
reduced red blood cells, neutrophils and albumins while mean corpuscular hemoglobin, lymphocytes, alanine amino
transferase, aspartate amino transferase, prothrombin time and liver pathology were increased. Lactate dehydrogenase
was significantly reduced in acetaminophen 250 mg/kg while acetaminophen 500 mg/kg significantly increased alkaline
phosphatase and total bilirubin. Even after exposure to acetaminophen toxicity, mice pre-treated with Urtica dioica
retained the following parameters within normal range: neutrophils, lymphocytes, alanine amino transferase, and liver
integrity. Mice co-treated with the drug cimetidine had all parameters within normal except for aspartate amino transferase
at acetaminophen dose of 500 mg/kg. The result suggests that Urtica dioica and cimetidine are both hemoprotective and
hepatoprotective. They have potential in the management of acetaminophen toxicity.

Keywords: Acetaminophen toxicity; Urtica dioica; Hepatotoxicity;
Hepatoprotection; Antioxidants; Cimetidine.

Introduction
Acetaminophen is one of the most widely used over the counter and
prescription drug for treatment of pain and fever [1]. At therapeutic
doses, it is very safe and has the same efficacy as aspirin and ibuprofen.
However, over the years, cases of acetaminophen toxicity have been
documented. The first reported case of acetaminophen toxicity was
that of two patients that had developed hepatotoxicity following an
overdose [2]. The key finding of the toxicity was the development of
necrosis of the hepatocytes. In addition, polymorphonuclear leukocytic
infiltration was also observed. Since then, it was understood that
necrosis was a key mechanism of action of acetaminophen toxicity.
However, necrosis of the cells as a mechanism of inducing apoptosis
has been ruled out [3]. Instead, covalent binding in acetaminophen
toxicity been suggested [4,5].
Acetaminophen has been attributed to more than half the cases of
acute liver failure in the US and Britain. Additionally, in the US, the
drug has been associated with a direct overdose cost of about US 87
million on an annual basis [6,7]. Liver dysfunction is immediate and
has been shown to take place by about 30 minutes after administration
of acetaminophen for the pro-coagulant activity. Similarly alanine
amino transferase (ALT) and aspartate amino transferase (AST) reach
peak levels in 3 to 7 hours [1,8].
The current regimen for the management of acetaminophen
overdose involves using oral or IV infusion of N-acetyl cysteine (NAC)
[9]. However, NAC has been associated with severe side effects such
as seizures, intracranial hypertension, epileptic status and cerebral
edema [10]. In addition there are cases of treatment failure in the
management of acetaminophen toxicity [7]. Cimetidine is a drug used
in the management of patients with ulcers arising from complications
of stomach and esophagus promoted by the presence of too many
acids. Using animal models, it was shown that the drug was effective as
an antidote for acetaminophen poisoning [11,12]. However, it has not
been approved for use in humans [13,14]. So, there is need to explore
alternative treatment regime for managing acetaminophen over dosage.
The history of Urtica dioica dates back to 3000–2000 BC during the
Bronze Age and it was also used in the management of rheumatism,
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lethargy, coma, paralysis typhus and cholera. The use of Urtica dioica
as an antidote for poisoning goes back to the 16th century following
the work of the herbalist John Gerard, who used stinging nettle as
an antidote for poison. Culpeper also used stinging nettle in the
management of venomous stings from animals. Nettle has also been
suggested to be a tonic and of nutritional value. It has been used in
the management of scurvy, anemia, and lack of energy [15]. Recent
studies have shown that Urtica dioica can regenerate induced damage
to liver cells [1,16,17]. In cases of liver poisoning, it has been observed
to reverse toxicity effects caused by carbon tetrachloride (CCl4) [18].
This study was therefore conceived with the aim of determining the
effect of Urtica dioica on the liver following acetaminophen poisoning.

Materials and Methods
Animals
Mice were bred at the animal house in the Department of
Biochemistry and Biotechnology. This study used mice of 8–10
weeks old, weighing between 24–27 g. The mice were maintained in
accordance with established guidelines for care and use of laboratory
animals. The animals were fed on a standard diet and water provided
ad libitum.

Plant extraction
Urtica dioica plants were collected from Bungoma County in
Western Kenya. Leaves were collected from the plants that were about
1-2 meters tall. About 6 kg of leaves were washed and dried hygienically
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inside a closed room for about 1 month. They were then ground to
obtain powder (about 1.5 kg) which was dissolved in 4.0 L of distilled
water and heated to 60°C and filtered. The filtrate was evaporated to
dryness, at reduced pressure, using a rotary vacuum evaporator at a
constant temperature of 45°C. The extract was then freeze-dried at
-55°C. The lyophilized aqueous extract was utilized for biological
experiments as previously [19].

Qualitative phytochemical screening
Phytochemical screening of bioactive compounds in Urtica dioica
extract was done using standard procedures as follows: tannins [20],
alkaloids [21], cardiac glycosides [22], terpenes [23], flavonoids [20],
phenolic [24], saponins [20] and steroids [22].

Elemental analysis
Urtica dioica extract was analyzed using X-ray fluorescence
technique to determine the quantitative levels of minerals ions using
the S2-picofox Spectrometer for Total Reflection X-Ray Fluorescence
(TXRF) machine following the manufactures instructions.

Treatment
Urtica dioica extract was administered to the mice through
oral gavage at 450 mg/kg body weight on a daily basis for 4 days.
Acetaminophen (Lab and Allied Ltd, Nairobi, Kenya) was administered
intraperitoneally (IP) at a dosage of 250 mg/kg and 500 mg/kg on the
4th day depending on the treatment arm. Cimetidine 400 mg/kg was
also administered IP to the all positive control groups. Treatment
arms were as follows: Group A: normal saline. Group B: Urtica dioica.
Group C: acetaminophen 250 mg/kg. Group D: acetaminophen 500
mg/kg. Group E: Pre-treated with Urtica dioica orally followed by
acetaminophen 250 mg/kg. Group F: Pre-treated with Urtica dioica
followed by acetaminophen 500 mg/kg. Group G: acetaminophen 250
mg/kg followed by cimetidine administered after two hours. Group H:
acetaminophen 500 mg/kg followed by cimetidine administered after
two hours. The weight of mice was measured on days 1 and 4.

Hematological analysis
Venous blood was obtained from the tail. The first drop of blood
was wiped off and the following five drops were collected in ethylene
di-amine tetra acetic acid (EDTA) vials for use in the blood analysis.
Total white blood cells counts (TWBC), red blood cells (RBC), mean
corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and
mean corpuscular hemoglobin concentration (MCHC) were computed
using an improved coulter counter (Mindray Beckman Coulter 2800,
Shanchon Mindray Bio-Medical Electronica Co., Ltd. China). Thick
and thin smears of blood were prepared, fixed in formalin, and stained
with giemsa stain on glass slides and observed using a microscope for
determination of the neutrophils, eosinophil’s, basophils, monocytes
and lymphocytes using the Schilling method [1,25].

Biochemical analysis
Serum was processed and alanine amino transferase (AST),
aspartate amino transferase (AST), alkaline phosphatase (ALP),
gamma (γ) glutamyl transferase (γ-GT), lactate dehydrogenase (LDH)
and bilirubin levels were assessed using BS-800M Biochemistry auto
analyzer (Shanchon Mindray Bio-Medical Electronica Co., Ltd. China).
Albumin levels were determined using the bromocresol green technique
[26]. Prothrombin time (PT), was assayed using the thromboplastin
reagent assays kit following the manufactures recommendation.

J Develop Drugs
ISSN: 2329-6631 JDD an open access journal

Histological analysis
Animals were sacrificed and liver samples observed and isolated.
The tissues were fixed using 10% neutral buffered formalin solution
and dehydrated gradually in ascending concentration of alcohols at
50, 60, 70, 80, 90, and 100% and thereafter cleared in xylene. The liver
lobes were then embedded in paraffin. Blocks of liver tissues were then
sectioned in 4-5 µm thickness; and stained with hematoxylin and eosin.
The sections were examined under a light microscope to determine the
extent of tissue necrosis and degeneration of photomicrographs were
taken [27]. Grading was done according to protocol developed by
Kandis et al. [28].

Data management and statistical analysis
A statistical analysis tool for Microsoft (WINKS SDA 7.0.6) was
used to perform one way analysis of Variance (ANOVA) followed by
Tukey Kramer test (Tukey’s post hoc) with Bonferroni adjustment
for multiple comparisons between the different groups in the study.
T-test was used for comparison of the weight changes differences
among treatment groups for days one and four. It was also used for
comparison of differences between the means values for the female and
male PT values. Significant difference between the treatments groups
were reported at p<0.05.

Results
Phytochemical and Mineral screening
Qualitative analysis of Urtica dioica for eight selected bioactive
compounds indicated that the plant contained alkaloids, tannins,
terpenes, flavonoids and phenols. However, saponins, glycosides
and steroids were undetected. X-ray fluorescence technique showed
that a total of 27 elements were detected in Urtica dioica (Table 1).
Elements with high concentrations were potassium, calcium, chlorine,
molybdenum, bromine, strontium, iron, rubidium, zinc, manganese,
titanium, and copper. In this group potassium occurred at the highest
concentration of 89594 ppm while copper was the least at 5.72 ppm.
Argon, vanadium, chromium, sodium, magnesium, aluminium,
silicon, nickel, arsenic, selenium, yttrium, mercury, lead, gallium, and
sulphur were in concentrations of less than 0.5 ppm.

Body weight
The mean weight of mice at the start of the experiment was between
24.02 g to 26.40 g. Four days later, the weight ranged between 24.21 g
to 27.67 g. The group of mice with the highest weight gain (+1.27 g)
was one from the group that was given standard feed supplemented
with Urtica dioica (Figure 1). On the other hand, the largest weight loss
(-1.41 g), was from the group fed on standard feed only. The net weight
gain for the mice group that received standard feed supplemented with
Urtica dioica was 1.04 g while those that received standard feed had a
net weigh loss of -0.99 g. Paired t-test of weight on day 1 and 4 showed
that two out of the three group of mice that were fed standard feed
supplemented with Urtica dioica had significant weight gain: Group B
(calculated t=5.65391; Degree of freedom (DF)=9; p<0.001 and Group
F (calculated t=3.06011; DF=9; p<0.05). On the other hand, two of the
three groups with significant weight lose were those fed on standard
feed: Group C (calculated t=3.23174; DF=9; p<0.05) and Group D
(calculated t=5.33396; DF=9; p<0.001); while the third was Group E
(calculated t=2.74298; DF=9; p<0.05) that was feed on standard feed
supplemented with Urtica dioica.
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Element

Concentrations (ppm )

Molybdnum (Mo)

12500 ± 1207

Chlorine (Cl)

15450 ± 1472

Potassium (K)

89594 ± 1641

Calcium (Ca)

31225 ± 1003

Argon (Ar)

<0.5

Sulphur (S)

<0.5

Titanium (Ti)

7.36 ± 0.60

Vanadium (V)

<0.5

Chromium (Cr)

<0.5

Manganese (Mn)

42.0 ± 0.8

Iron (Fe)

178 ± 3

Nickel (Ni)

<0.15

Copper (Cu)

5.72 ± 0.17

Zinc (Zn)

91.0 ± 1.7

Arsenic (As)

<0.1

Selenium (Se)

<0.1

Bromine (Br)

382 ± 13

Rubidium (Rb)

133 ± 4

Strontium (Sr)

272 ± 16

Yttrium (Y)

<0.1

Mercury (Hg)

<0.1

Lead (Pb)

<0.1

Sodium (Na)

<0.5

Magnesium (Mg)

<0.5

Aluminium (Al)

<0.5

Silicon (Si)

<0.5

Gallium (Ga)

<0.5

Table 1: Urtica dioica elemental analysis.

Body condition of mice

Mice administered with acetaminophen at doses of 250 mg/kg or
500 mg/kg body weight were dormant, sickly, had a rough coat and
poor appetite. However, the mice in the control; Urtica dioica; cotreated groups of Urtica dioica and acetaminophen and also those cotreated with acetaminophen and cimetidine were alert and active, had
glossy coat, and were of good appetite.

Hematology
Mice pre-treated with Urtica dioica had significantly low (p<0.001)
levels of red blood cell and significantly elevated MCH (p<0.001) and
lymphocytes (p<0.05) levels when compared to control (Table 2).
Acetaminophen toxicity caused a significant increase in the levels of
MCH (p<0.001) and lymphocyte (p<0.05) and a significant drop in the
levels of RBC (p<0.001) and neutrophils (p<0.05). Mice that were pretreated with Urtica dioica at 450 mg/kg for four days followed with
administration of acetaminophen at 250 mg/kg recorded elevated levels
of MCV, MCH, neutrophils, eosinophils and monocytes. At the same
time they had reduced levels of TWBC, RBC, MCHC and lymphocytes
while the levels of basophils remained unchanged. Post hoc test analysis
for multiple comparisons showed that there was a significant increase
in MCV (p<0.05) and MCH (p<0.001) and a significant decrease in
RBC (p<0.001) (Table 3). In addition, mice treated with Urtica dioica
followed by 500 mg/kg acetaminophen showed elevated MCV, MCH,
MCHC, neutrophils, eosinophils and basophils. While the levels
of TWBC, RBC, lymphocytes and monocytes were lower. Post hoc
analysis indicated a significant increase in the MCV (p<0.001) and
MCH (p<0.001) and a significant decrease (p <0.001) in RBC levels.
Haematological values of mice that were co-treated with 250 mg/kg
or 500 mg/kg of acetaminophen and 400 mg/kg of cimetidine showed
the no significant differences (p>0.05) with those of the control group.
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Biochemical parameters
Mice treatment with Urtica dioica caused a significant (p<0.05)
increase in the aspartate amino transferase and albumin (p<0.05) levels
and a reduction (p<0.05) in lactate dehydrogenase (Table 3). Mice
treated with 250 mg/kg acetaminophen caused a significant increase
in the levels of ALT, AST, Albumin and PT (p<0.001). On the other
hand there was a significant decrease in LDH (p<0.05) and albumin
levels (p<0.001). While those treated with acetaminophen at 500 mg/
kg showed that (ALT, AST, ALP, and PT; p<0.001) and (total bilirubin;
p<0.05) were significantly higher. The toxicity also caused a significant
decrease in albumin levels (p<0.001).
Mice co-treated with 250 mg/kg or 500 mg/kg acetaminophen and
400 mg/kg cimetidine had high enzyme levels for all parameters except
for ALP when compared to the control. Tukey’s post hoc test showed
the differences observed were statistically in-significant (p>0.05) for all
treatments at 250 mg/kg. However, AST levels were significantly high
(p<0.05) in the group with 500 mg/kg acetaminophen and 400 mg/kg
cimetidine.
Pre-treatment of mice with Urtica dioica followed with 250 mg/
kg of acetaminophen resulted in elevated ALT, ALP, γ-GT, TB, and
PT when compared to the control group (Table 3). On the other hand
AST, LDH and Albumin were reduced. Multiple comparisons showed
that differences in five of the parameters (ALT, AST, ALP, γ-GT and
TB) were statistically non-significant (p>0.05). LDH and albumin
were significantly (p<0.001) lowered, while prothrombin time was
significantly (p<0.001) increased.
Mice treated with Urtica dioica and 500 mg/kg of acetaminophen
displayed a different profile and the parameters found to be high were
ALT, AST, ALP, λ-GT, TB, and PT when compared to the control
group (Table 3). LDH and Albumin levels were reduced. Post hoc test
showed that difference observed on three (γ-GT, TB and albumin) of
the eight differences were statistically non-significant (p>0.05). Four
of the parameters (ALT, AST, ALP and PT) were significantly high
(p<0.001) while lactate dehydrogenase was significantly low (p<0.05).

Comparison of prothrombin time in males and females mice
Analysis of PT in male and female mice showed that females had
a slightly higher PT activity time compared to their male counterparts
as shown in Figure 2. However, paired t-test showed that the difference
between the two means for the males and females were statistically
insignificant (DF= 4; p>0.05) at the 8 different treatment groups.

Histopathology
Liver sections from control, Urtica dioica and cimetidine treated
groups showed normal hepatic architectures. In acetaminophen
treated sham control groups at both doses of 250 mg/kg and 500 mg/
kg degenerated and necrotic hepatocytes in centrilobular region. They
also had hepatic lesions, along with significant fatty degeneration,
distortion of hepatic cords, dilations and congested central vein. These
were in tandem with other morphological signs of congestion. Physical
examination of the liver showed hepatomegaly, pale in colour and had
a smooth surface with visible small spots on the surface. Urtica dioica
treated groups showed regenerative changes with significant sustained
hepatic architecture almost similar to the control group at both doses
of 250 mg/kg and 500 mg/kg body weight of acetaminophen. Less
significant changes were seen with lower doses of 250 mg/kg compared
to 500 mg/kg of acetaminophen in the 450 mg/kg Urtica dioica treated
groups (Figure 3).
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Assays

Control

UD 450
mg/kg

Acet 250
mg/kg

Acet 500
mg/kg

UD+Acet 250
mg/Kg

UD+Acet
500 mg/kg

Acet 250mg
+
Cimet 400mg

Acet 500mg
+
Cimet 400mg

TWBC (× 109/L)

5.11 ± 1.08

6.96 ± 1.85

5.74 ± 0.89

6.34 ± 2.09

4.72 ± 0.55

3.80 ± 2.56

4.75 ± 1.20

5.15 ± 0.97

RBC (× 1012/L)

8.08 ± 1.10

5.63 ± 0.51**

4.77 ± 1.41**

4.85 ± 0.95**

4.57 ± 0.81**

3.91 ± 1.16**

8.61 ± 1.43

8.58 ± 1.18

MCV (fl)

45.76 ± 2.75

48.84 ± 2.35

50.32 ± 3.00

50.22 ± 2.02

51.18 ± 4.20*

56.61 ± 7.00**

46.96 ± 2.02

46.43 ± 2.74

MCH (pg)

13.60 ± 1.07

15.39 ± 0.57

16.16 ± 0.42

15.98 ± 0.42

16.12 ± 0.74

16.00 ± 0.62

13.73 ± 0.99

13.49 ± 1.24

MCHC (g/dl)

29.67 ± 0.93

31.67 ± 1.10

32.01 ± 1.93

31.62 ± 1.65

29.27 ± 8.18

29.76 ± 2.34

29.22 ± 1.35

28.96 ± 1.13

NEUT (%)

30.00 ± 1.33

28.80 ± 1.03

27.90 ± 0.57

*

27.80 ± 1.03

30.10 ± 1.60

30.70 ± 1.06

29.70 ± 0.95

29.90 ± 0.74

54.80 ± 0.63

*

54.60 ± 1.08

**

**

**

**

**

**

LYM (%)

51.60 ± 1.08

54.00 ± 1.33

51.40 ± 0.97

51.20 ± 0.63

51.90 ± 1.29

52.20 ± 1.69

EOS (%)

9.40 ± 0.70

9.30 ± 1.06

9.10±0.57

9.10 ± 0.57

9.50 ± 0.71

9.50 ± 0.97

9.30 ± 0.82

9.40 ± 0.52

MONO (%)

8.20 ± 1.23

7.50 ± 0.85

7.60 ± 0.52

7.00 ± 0.82

8.30 ± 0.82

7.80 ± 0.63

8.30 ± 0.82

7.80 ± 1.23

BAS (%)

0.80 ± 0.42

0.60 ± 0.70

0.70 ± 0.48

0.70 ± 0.82

0.80 ± 0.92

1.00 ± 0.82

1.00 ± 0.47

0.80 ± 0.42

*

*

The p values are for multiple comparisons between the control and other treatments: p<0.05, p<0.001. TWBC: Total white blood cells; RBC: Red Blood Cells; MCV:
Mean Corpuscular Volume; MCH: Mean Corpuscular Hemoglobin; MCHC: Mean Corpuscular Hemoglobin Concentration; NEUT: Neutrophils; LYM : Lymphocytes; EOS:
Eosinophils; MONO: Monocytes; BAS: Basophils.
*

**

Table 2: Comparisons of hematological parameters of Swiss albino mice subjected to treatment regimens of Urtica dioica, acetaminophen and cimetidine.

Assays

Control

UD 450 mg/kg

Acet 250 mg/kg Acet 500 mg/kg

UD+Acet
250 mg/Kg

UD+Acet 500
mg/kg

Acet 250mg
+ Cimet
400 mg

Acet 500
mg+Cimet
400 mg

65.50 ± 28.21

95.71 ± 37..48

ALT(U/L)

62.22 ± 16.00

69.80 ± 9.88

305.20 ± 91.56**

349.80 ± 86.42**

120.8 ± 32.06

199.2 ± 89.30**

AST(U/L)

313.78 ± 71.50

478.60 ± 43.13*

707.4 ± 67.09**

940.60 ± 139.05**

251.80 ± 39.23

788.80 ± 1.20**

ALP(U/L)

4.60 ± 2.55

6.80 ± 5.26

8.40 ± 2.97

15.80 ± 7.76**

7.83 ± 0..83

13.85 ± 0.40**

3.00 ± 1.76

3.44 ± 1.13

γ-GT(U/L)

1.30 ± 0.48

2.40 ± 2.07

3.60 ± 0.55

3.80 ± 2.78

3.20 ± 3.96

3.80 ± 2.28

1.90 ± 1.37

1.50 ± 0.93

LDH (U/L)

1203.40 ± 264.50 889.80 ± 124.53* 866.40 ± 164.05* 1344.40 ± 396.47 719.60 ± 33.59**

TB(μmol/L)

11.94 ± 4.09

9.94 ± 2.87

Alb(mg/ml)

30.40 ± 2.06

32.30 ± 1.16

PT(Secs)

12.30 ± 0.95

13.10 ± 0.57

*

414.00 ± 204.77 494.28 ± 138.69*

831.40 ± 116.75* 1525.00 ± 209.72 1248.00 ± 37.78

17.64 ± 3.22

30.00 ± 21.80*

12.98 ± 5.50

21.04 ± 6.81

22.70 ± 5.85

22.60 ± 0.84

**

18.30 ± 1.16**

23.90 ± 0.99**

29.30 ± 0.95

30.70 ± 1.25

19.40 ± 9.42
30.70 ± 1.42

15.70 ± 0.67**

18.10 ± 0.57**

15.50 ± 0.53**

17.00 ± 1.05**

12.40 ± 0.70

12.80 ± 0.63

The P values are for multiple comparisons between the control and other treatments * P<0.05, ** P<0.001. TB: Total Bilirubin; ALT: Alanine Aminotransferase; AST:
Aspartate Amino Transferase; ALP: Alkaline Phosphatase; Γ-GT: Gamma Glutamyl Transferase; LDH: Lactate Dehydrogenase; TB: Total Bilirubin; Alb: Albumin; PT:
Prothrombin Time; Acet: Acetaminophen; UD: Urtica dioica; Cimet: Cimetidine.
Table 3: Comparisons of biochemical parameters of Swiss albino mice subjected to treatment regimens of Urtica dioica, acetaminophen and cimetidine.

Figure 1: Change in mean body weight of mice fed on either standard feed or standard feed supplemented with Urtica dioica: p values are from paired t-test
between the weight of day 1 and 4, *p<0.05, **p<0.001, Group A=Standard feed, Group B=Standard feed+Urtica dioica, Group C=Standard feed, Group D=Standard
feed, Group E=Standard feed+Urtica dioica; Group F=Standard feed+Urtica dioica, Group G=Standard feed, Group H=Standard feed.
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Figure 2: Males versus female prothrombin values: p values are from paired t-test between the mean male and female PT values, *p<0.05, **p<0.001, Group A=control,
Group B=Urtica dioica, Group C=acetaminophen 250 mg/kg, Group D=acetaminophen 500 mg/kg, Group E=Urtica dioica+acetaminophen 250 mg/kg; Group F=Urtica
dioica+acetaminophen 500 mg/kg, Group G=acetaminophen 250 mg/kg+cimetidine 400 mg/kg, Group H=acetaminophen 250 mg/kg+cimetidine 400 mg/kg.

Discussion
Acetaminophen toxicity caused a reduction in red blood cells and
neutrophils. This is similar to findings made on dogs and rats [1,29,30].
Depletion of red blood cells causes hyperbilirubinaemia [29], while
neutropenia is as a result of anemia, splenomegaly, and damage to
the bone marrow [31-33]. Acetaminophen administration produced
a dose related elevation of ALT, AST and PT. High levels of ALT
[8,16,30,34,35] and AST [3,11,18] in acetaminophen-induced toxicity
at doses of 100–500 mg/kg. However, lower doses of acetaminophen
(16-66 mg/kg) showed an insignificant elevation of ALT and AST [30].
Elevated levels of these biomarkers are an indication of hepatotoxicity
[36,37]. Gender differences in PT have been reported [8,38]; however,
similar findings were not duplicated in this study. Elevation of ALP,
total bilirubin and reduction of albumin levels is a further indication
of severe damage and dysfunction of the liver [39]. There was an insignificant difference in γ-GT levels contrary to the observations of
Olaleye et al. [35] following a dose of 2 g/kg of acetaminophen which
was 400% higher than in this study. Therefore, γ-GT bio-marker is
informative at extremely high toxic doses.

Figure 3: Photographs for histopathology of the liver of mice, a=control,
b=Urtica dioica; c=acetaminophen 250 mg/kg; d=acetaminophen 500 mg/kg;
e=Urtica dioica+acetaminophen 250 mg/kg; f=Urtica dioica+acetaminophen
500 mg/kg; g=acetaminophen 250 mg/kg+cimetidine 400 mg/kg;
h=acetaminophen 250 mg/kg+cimetidine 400 mg/kg. Arrow (↑) indicates the
regions of necrosis.
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Normal levels of neutrophils, ALT, AST, total bilirubin and
albumin were observed in mice pre-treated with Urtica dioica
suggesting that Urtica dioica is hepatoprotective. Phytochemical and
elemental analysis showed that Urtica dioica contained alkaloids,
tannins, terpenes, flavonoids and phenols, and 27 mineral elements.
Urtica dioica hepatoprotective abilities may be as a result of the
presence of flavonoids, polyphenols, ascorbic acid, carotenoids, tannins
and lignin’s among the plant constituents [40]. They are free radical
scavengers and hence promote hepatoprotection [40]. Polyphenols
specifically inhibit the cytochrome P-450 enzymes [41]. Minerals
are also hepatoprotective to xenobiotics [42]. Minerals elements
of zinc, selenium, magnesium and copper reported suggest great
potential of hepatoprotection [42]. Cimetidine caused an insignificant
variation in hematological and biochemical parameters indicating its
hemoprotective and hepatoprotection potential.
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Histological analysis showed normal liver tissues in the control,
Urtica dioica and cimetidine treated mice. However, histopathological
changes were observed in mice treated with acetaminophen and were
dose related. Acetaminophen overdoses is responsible for liver injury
and failure in both animals and humans [43]. Cell death may occur
as a result of apoptosis and necrosis [43]. Acetaminophen metabolite
referred to as N-acetyl-p-benzoquinone imine (NAPQ1) predisposes
the liver to damage by oxidative stress. This also amplifies the potential
for the free radical chain reactions. This leads to hepatic injury as
evidenced by leakage of cellular enzymes into the plasma. This is a result
of cell necrosis which interferes with the integrity of the cell membrane
affecting cellular transport in hepatocytes [44]. Inhibition of protein
synthesis has also been indicated in cases of reactive free radicals that
may bind covalently to cellular macromolecules. Improvement in
tissue pathology was observed in mice treated with acetaminophen and
managed with 450 mg/kg of Urtica dioica. An even better protection
was observed in cimetidine treated mice. Regeneration of tissues after
induction of damage is similar to other study findings [1,3,17,18,30,36].
Urtica dioica is also hepatoprotective in alcohol and CCl4 [17,1].
Hence, acetaminophen at 250 mg/kg and 500 mg/kg are hepatotoxic,
while Urtica dioica and cimetidine are hepatoprotective as reported in
this study. This study has provided further evidence to show that Urtica
dioica is hepatoprotective and has potential for exploitation.
Cimetidine is a drug used in the management of patients with ulcers.
It was also shown to be effective as an antidote for acetaminophen
poisoning over three decades ago in animal studies [11]. This is
therefore the only other study that has investigated and demonstrated
the hepatoprotection properties of cimetidine. In conclusion this work
suggests that Urtica dioica and cimetidine are both hemoprotective
and hepatoprotective. They have potential in the management of
acetaminophen toxicity.
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