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Abstract

BACKGROUND: Spinach (Spinacia oleracea L.), which is cultivated worldwide, is an important dietary vegetable
and a common raw material in the food processing industry. Spinach is rich in flavonoids, phenolic components,
carotenoids, vitamins, and minerals, and is an antioxidant, anti-inflammatory, and anticancer herb.

OBJECTIVES: This study aims to investigate the hepatoprotective effect of the ethanolic extract of spinach leaves
against liver poisoning induced by carbon tetrachloride (CCl,) in adult male Wistar rats.

METHODS: Animals were divided into eight groups of 6 including healthy control, liver damage control (CCl, at
doses of 1 ml/kg, i.p., twice a week), healthy experimental (spinach ethanolic extract at doses of 50, 100, 200 mg/kg,
b.w.), liver damage experimental (CCl, + spinach ethanolic extract at doses of 50, 100, 200 mg/kg, b.w.). The treatment
took 28 days. Then, animals were anesthetized and their blood samples were collected from their hearts. Levels of
alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) were measured in serum. Activities of superoxide
dismutase (SOD) and glutathione peroxidase (GPX) enzymes and the malondialdehyde (MDA) level were measured
in the liver homogenate. The structure of liver tissue was also investigated.

RESULTS: The spinach extract at doses of 100 and 200 mg/kg reduced the levels of liver enzymes ALT, AST and
ALP, increased the activities of SOD and GPX, and reduced the MDA levels. Also, administration of spinach extract
improved the structure of the liver.

CONCLUSIONS: The spinach ethanolic extract at doses of 100 and 200 mg/kg acts as a potent antioxidative agent
against CCls-induced liver damage in male rats.
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Figure Legends and Table Captions

Table 1. The effect of spinach ethanolic extract on the study parameters in the study groups. ***P<0.001, significant compared to the healthy control group;
*P<0.05 and ***P<0.001, significant compared to the liver damage control group.

Graph 1. Effect of spinach ethanolic extract on the ALP level in the experimental groups. ***P<0.001, significant compared to the healthy control group;
**P<0.01 and ***P<0.001, significant compared to liver damage control group.

Graph 2. Effect of spinach ethanolic extract on the GGT level in the experimental groups. *P<0.05 and ***P<0.001, significant compared to the healthy
control group; **P<0.01 and ***P<0.001, significant compared to the liver damage control group.

Graph 3. Effect of spinach ethanolic extract on the SOD activity in the experimental groups. *P<0.05 and ***P<0.001, significant compared to the healthy
control group; **P<0.01 and ***P<0.001, significant compared to the liver damage control group.

Graph 4. Effect of spinach ethanolic extract on the GPX activity in the experimental groups. ***P<0.001, significant compared to the healthy control group;
*+**P<0.001, significant compared to the liver damage control group.

Graph 5. Effect of spinach ethanolic extract on the MDA level in the experimental groups. ***P<0.001, significant compared to the healthy control group;
+++P<0.001, significant compared to the liver damage control group.

Figure 1. Microscopic structure of liver tissue. (A1): healthy control group: Normal hepatocytes (arrow) are seen around the central vein (arrowhead) (black
line 200 um); (B1): Liver damage control group: Hepatocytes with severe fatty degeneration (arrow) and inflammatory cell infiltration (arrowhead) are seen
(black line 100 pm); (C1-C3): Healthy experimental groups treated with the doses of 50, 100 and 200 mg/kg: Normal hepatocytes (arrow) can be seen around
the central vein (black line 50 um); (D1-D3): Liver damage experimental groups treated with CCl, + spinach leaf extract with doses of 50, 100 and 200 mg/kg:
Hepatocytes with fatty degeneration (arrow) and infiltration of inflammatory cells (arrowhead) can be seen (black line 200 pm).
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