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Abstract: Diabetes is a metabolic disorder that share a common underlying feature of hyperglycemia. In addition to 

hyperglycemia, diabetes is associated with microvascular and macrovascular complications that are the leading causes of 

morbidity and death in diabetics. Artemisia herba-alba (AHA) is an aromatic plant belongs to the Artemisia genus. The 

plant known in the traditional medicine for its preventive capacities against several chronic ailments. Forty-five albino adult 

male rats were randomly divided into 3 groups of 15 animals for each: group 1; control, group 2; STZ induced diabetes, 

group 3; protective. At the end of the experiment, rats were sacrificed, then we evaluated blood glucose level, serum 

insulin, α-l-fucosidase (AFU), C-peptide, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and total 

antioxidant capacity (TAC). Liver tissues were evaluated histologically by photomicrographs of liver sections from the 

three experimental groups using hematoxylin and eosin (H&E). The results of the AHA protective group showed minimal 

improvement with mild congestion, inflammatory cell infiltrations and some degenerated hepatocytes and the biochemical 

analysis confirm that. There is a slight improvement in TAC, ALT, AST, C-peptide, and insulin in protective group 

compared to diabetic group and significant improvement at AFU and α-amylase in protective group compared to diabetic 

group.  
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1 Introduction 

One of the most common chronic diseases in the 

world is diabetes mellitus. In Egypt approximately 10% of 

Egyptians are type II diabetics in 2001 and this percentage 

will increase to 13.3 % by 2025 [1]. Diabetes is a 

metabolic disorder characterized by chronic hyperglycemia 

due to impaired regulation of carbohydrate metabolism due 

to impaired insulin secretion or impaired action of this 

hormone. Chronic hyperglycemia is associated with the 

development of serious long-term complications such as 

cardiovascular disease, chronic renal failure, and retinal 

damage [2]. Currently available anti-diabetes drugs include 

sulfonylureas, biguanides, thiazolidinediones, and α-

glucosidase inhibitors and are vastly used to control 

hyperglycemia. These drugs cannot significantly change 

the course of diabetic complications. They have limited use 

due to undesired pathological conditions and high 

secondary failure rates. Therefore, it is important to find a 

more effective anti-diabetes drug with fewer side effects. 

Traditional medicinal plants with anti-diabetic properties 

can be a useful resource in the development of safe and 

effective oral anti-diabetic drugs [3]. Medicinal plants are 

essential resources for traditional medicine in treating 

pathological disorders, bacterial and fungal infections. 

Regular consumption of some medicinal plants is 

associated with a low risk for developing chronic disease, 

suggesting prophylactic and protective effects against 

aging and organ failures. Most bioactive phytoconstituents 

mediate protective mechanisms by specific molecular 

pathways. However, the benefit of medicinal plants was 

determined empirically and little is known about their 

mechanisms of action [4]. Since ancient times, several 

cultures (including Arabic, North African, and European 

traditional medicine) have used the species Artemisia 

(family Asteraceae) extensively in folk medicine [5]. The 

medicinal plant Artemisia herba-alba (AHA) is well 

known for its ability to prevent chronic illnesses [4]. In 

Moroccan traditional medicine, it has been utilized to treat 
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diabetes and/or arterial hypertension [6]. Based on 

practical observations and passed-down local knowledge, 

the Artemisia herba-alba plant is utilized in a variety of 

forms to treat several clinical disorders in people. a 

previous study provided more evidence for how the 

protective effect of AHA against chronic diseases or 

inflammation. Instead, the enhancement of glutathione 

metabolism by AHA extracts prepares the cells to respond 

to ROS and inflammatory circuits more quickly and 

effectively after severe infections or exposure to 

environmental pollutants [4]. This plant is one of the 

species that grows in Sinai. It's a little perennial dwarf 

shrub with greyish-white blooms. [7]. Oral hypoglycemic 

medications have made significant advances in the 

treatment of diabetes. As a result, various efforts have been 

made to find new effective and safe enzyme inhibitors 

from natural materials to manage diabetes [8], as well as to 

design physiologically useful foods to treat diabetes [9]. 

There is a recent study trying to detect the 

nephroprotective effect of Artemisia herba-alba aqueous 

extract in alloxan-induced diabetic rats [2] and prolonged 

protective effects of Artemisia herba-alba extracts [4].The 

main goal of the present study is to evaluate the protective 

effect of Artemisia herba-alba extract on the liver in STZ-

induced diabetic male rats. 

2 Material and Methods 

Chemicals and apparatus 

Streptozotocin (STZ) and dimethyl sulfoxide 

(DMSO) were procured from Biovision and Sigma-

Aldrich, St. Louis, Missouri, USA. The MG was paid for 

the -amylase (Giza, Egypt). Bionime blood glucose 

analyzer (Switzerland). While insulin, C-peptide, and -L-

fucosidase (AFU) tests were carried out using automated 

ELISA from Tecan (Männedorf, Switzerland), antioxidant 

assays were measured by spectrophotometer using kit from 

UviLine 9400 (Mainz, Germany). While -L-fucosidase 

(AFU) and C-peptide were acquired from Sunred, kit for 

serum insulin level was purchased from Sunlong 

(Shanghai, China) (Shanghai, China). Spectrum 

Diagnostics sells alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) (Qalyubia, Egypt). A 

colorimetric kit from Bio Diagnostics was used to measure 

the serum's total antioxidant capacity (TAC) (Giza, Egypt). 

Plant material and sample preparation 

In June 2017, Prof. Dr. Ibrahim Elgarf (Cairo 

University, Egypt) collected Artemisia herba-alba Asso 

from Saint Catherine (South Sinia), Egypt. Extraction and 

sample preparation were prepared as mentioned in [10]. 

Animals grouping and experimental design 

Forty-five adult albino male rats were purchased from 

Animal House, (Faculty of Science, Sohag University, 

Sohag, Egypt). The body weight of them was (201 ± 10 g). 

before performing the experiments, the animals were 

adapted for 1 week were performed. All animals were kept 

in 3 cages, 15 per group, in an environment with regulated 

lighting (12-hour cycle, lights on at 8:00 a.m.), temperature 

(25 ± 1 °C), The animals were separated into three groups 

of 15 each, according to a random process. group (1) was 

kept as normal control and administered with saline 

(0.9%). However, group (2) was served as diabetic. 

Finally, group (3) was served as protective group were 

given AHA (50 mg/kg body weight) and later injected 

intraperitoneally with a single dose of STZ (50 mg/kg body 

weight. This work was performed according to the animal 

guidelines of Sohag University and approved by the ethical 

committee approval number (Sohag 22202102) 

Induction of diabetes 

A single intraperitoneal (IP) injection of STZ (fresh 

solution) in citrate buffer (0.1 M, pH 4.5) at a dosage of 50 

mg/kg body weight was used to cause diabetes in our 

research subject [11]. After 72 hrs of STZ administration, 

the blood glucose (FBG) levels were measured, where rats 

with FBG ˃ 200 mg/dl were considered diabetic and used 

in the experiment. 

Body weight (BW)  and fasting blood glucose (FBG) 

measurements 

At 0, 7 and 15 days, the level of FBG of each animal 

in the 3 groups was evaluated by using a Bionime blood 

glucose analyzer from the vein at the end of each rat's tail. 

Body weights at the beginning and finish, as well as % 

changes in FBG level, were noted. 

Collection of blood for biochemical parameters and 

liver tissue sampling  

After 15 days, all rats in each group were sacrificed 

and blood samples were taken from the heart into plain 

tubes for biochemical testing. Before being used for 

various biochemical parameter analyses, serum was 

separated by centrifugation at 3000 g for 10 minutes, 

transferred into Eppendorf tubes, and frozen at -20 °C. 

Liver tissue samples were dissected and fixed in 10 neutral 

buffered formalin for 48 hours then processed into paraffin 

embedded blocks. 

Assessment of biochemical parameters (Biochemical 

analysis) 

AFU, TAC, ALT, AST, C-peptide, α-amylase, and 

insulin were measured in the serum using suitable kits. All 

assays were performed in accordance with the 

manufacturers’ instructions and protocols. The serum α-

amylase was measured according to the method described 

in [12]. The serum insulin, C-peptide and AFU were 

assayed using ELISA kits. The serum insulin was 

performed according to the protocol in [13], while C-

peptide was measured by described method in [14]. AFU 

was determined according to manufacturer protocol. The 

total antioxidant capacity of serum was assayed 

colorimetrically according to the described method in [15]. 

The serum ALT and AST were measured colorimetrically 

according to [16]. 
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Microscopic evaluation of liver tissue 

Four um thickness tissue paraffin slices were cut on 

glass slides. The slides were deparaffinized in xylene, 

rehydrated with down grading concentrations of alcohol 

(100%, 90%, 80%, and 70%), and then placed in distilled 

water for five minutes. Hematoxylin and eosin (H&E) 

staining was done as described in [17]. 

Statistical analysis  

All results. were expressed as mean values with 

standard deviation (M ± SD). Means differences were 

analyzed using one-way analysis of variance (ANOVA), 

followed by the Newman-Keuls test. GraphPad 

Prism® Software version 5.00 (San Diego, CA) was used, 

and p values ˂ 0.05 were considered statistically 

significant. 

3 Results and Discussion 

Diabetes is a metabolic disorder that share a common 

underlying feature of hyperglycemia. In addition to 

hyperglycemia, diabetes is associated with microvascular 

and macrovascular complications that are the leading 

causes of morbidity and death in diabetics [3]. In Iraqi and 

Moroccan folk medicine Artemisia herba-alba plants have 

been used to treat a variety of diseases, including diabetes 

mellitus [6, 18]. In this study, some biochemical 

parameters, such as FBG, α-amylase, insulin, and C-

peptide, were examined to assess the protective effect of 

oral administration of AHA extract. Weight loss has long 

been recognized as one of the diabetes mellitus symptoms 

[19]. As shown in Table 1, the results showed highly 

significant reduction (***p < 0.05) in the final body weight 

of diabetic group (2) with % of change (-15.79%), while 

significantly increase (**p < 0.01) in the final body weight 

of the protected group (3) with % of change (14.87%).   

The present results showed that the body weight of 

the protective group loss is lower than in the group (1). 

This may be due to the animals were stayed for two weeks 

before injection with STZ and the dissection occur after the 

injection by 3 days. Thus, there is no longer time to make 

significant change in the body weight loss % of change, or 

it may be due to the hypoglycemic effect of Artemisia 

herba-alba plant [20]. However, the body weight loss % of 

change of the diabetic group was clear, and this may be 

return to diabetes-related body weight reduction, which can 

be attributable to increase tissue protein loss and muscle 

wasting [21]. On the other hand, insulin insufficiency in 

diabetic rats led to a reduction in amino acids at the level 

of protein synthesis [21, 22]. Adipose tissue lipolysis and 

protein breakdown are brought on by insulin deficiency 

[23]. Biochemical analysis revealed that the intraperitoneal 

injection of STZ effectively caused diabetes in the normal 

rats. The protective group was fed for 15 days with AHA 

extract (50 mg/kg BW) as a protective dose before injected 

with STZ. As shown in Table 2, the result showed that the 

blood glucose level of the protective group was 310 mg/dl, 

while diabetic group was 464 mg/dl. Although the 

protective dose reduces FBG with 49%, however rats still 

diabetic (FBG > 200). Therefore, the protective effect may 

be due to the hypoglycemic effect of the Artemisia herba-

alba plant [20]. 

Table 1: Effect of Artemisia herba-alba extract on the body 

weight. (Values are provided as Mean ± SD for each group, with 

n=15 in each) 

Significant change in comparison between group 1 and other 

groups, where *p < 0.05; and **p < 0.01. The statistical 

analysis was performed using One-way ANOVA, followed by 

the Newman-Keuls test. 

 

Table 2: Effect of Artemisia herba-alba extract on the fast blood 

glucose (FBG). (Values are provided as Mean ± SD for each 

group, with n=15 in each) 

 

Group 

 

Fast blood glucose level (mg/dl) 

Day (0) Day (7) Final 
Percent of 

Change (%) 

G.1 
96.75 ± 

11.73 

94.65 ± 

8.47 

97.00 ± 

4.55 
2.30 

G. 2 464 ± 
27.23*** 

430.50 ± 
18.89*** 

450.99 ± 
29.40*** 

24.40 

G. 3 103 ± 

16.80*** 

95 ± 

6.80*** 

310 ± 

22.70*** 
200.10 

Significant change in comparison between group 1 and 

other groups, where ***p < 0.001. The statistical analysis 

was performed using One-way ANOVA followed by the 

Newman-Keuls test.  

C-peptide, α-amylase and insulin in Table 3 showed 

that α-amylase is highly significant increased (p < 0.001) 

in the diabetic and protective group compared to control 

group and the protective group has significant decrease  

(**p < 0.01) with the diabetic group , this is may be 

because α-amylase increase as a result of diabetes mellitus 

and group [24]. But the value of the protective group is less 

than the value of the diabetic group and this is because of 

the potent α-amylase inhibitory activity of aqueous extract 

of AHA [25]. The insulin level of group (1) decreases 

significantly at p < 0.05 with the diabetic group and 

protective group. Due to STZ's rapid-cell depletion, which 

caused hyperglycemia and lowered insulin release, the 

insulin level in diabetic group decreased. The release of 

inadequate amounts of insulin causes hyperglycemia, 

which causes diabetes complications and oxidative damage 

due to production of reactive oxygen species [26]. The 

insulin level of the protective group was found to be 

increased compared to the diabetic group, which means 

that AHA has protective effect and slightly improve the 

insulin level.  

The results of ALT, AST AFU and TAC were shown 

Group 

Body weight (kg) 

Initial Final 
Percent of 

Change (%) 

G.1 0.200 ± 28.61 0.239 ± 9.99 19.45 

G.2 0.205 ± 6.63 0.173 ± 4.90** -15.79 

G.3 0.195 ± 3.12 0.224 ± 17.40* 14.87 
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in Table 4. ALT and AST of the control group are high 

significantly increase (p < 0.001) compared to the 

protective and diabetic groups. In the present study, the 

ALT and AST activities were increased in serum 

significantly in the diabetic group and protective group due 

to the damage to liver compared to the control group and 

this elevation in activities of AST and ALT serum in a 

diabetic is agreed with [27]. TAC in the control group was 

found to be high significantly at p < 0.001 compared to the 

diabetic group and protective. AHA has a high antioxidant 

capacity so it has a high-potency nutraceutical with 

antioxidant properties [28]. There is a slight improvement 

in TAC mean value of the protective group compared to 

the diabetic group, which may be due to the presence of 

phenolic and flavonoid substances in AHA, which is 

considered a source of natural antioxidants and α-amylase 

inhibitor [25]. 

The control group AFU mean value is significant 

decrease compared to the diabetic group (*p < 0.05) and 

non-significant compared to the protective group. 

Protective group is significant compared to the diabetic 

group (**p < 0.01). AFU is a member of the group of 

lysosome acidic hydrolases [29]. Elevated blood AFU 

levels have been associated with liver disorders like 

cirrhosis, hepatitis, hepatic malignancy, and hepatotoxicity 

[15]. In the present study, the increase in AFU activity may 

be due to diabetes millets as AFU increase significantly in 

the diabetics unlike controls [30] and improvement in 

protective group may be a result of  the hypoglycemic 

effect of AHA extract [31]. 

Table 3: Effect of Artemisia herba-alba extract on the serum of 

α–amylase, C-peptide and insulin. (Data are reported as Mean ± 

SD (n= 15)) 

Parameter Control Diabetic Protective 

α–amylase 

(U/L)  
37.86 ± 4.97 131.70 ± 8.03

***
 102.6 ±5.81

***,## 

C-peptide 

(pmoL/mL)  
0.94 ± 0.03 0.62 ± 0.04

***
 0.71±0.02

**, #ns
 

Insulin  

(mU/ L)  
1.88 ± 0.13 0.69 ± 0.05

** 
1.163±0.22

***,#ns
 

Significant change in comparison between group 1 and other 

groups, where **p < 0.01; ***p < 0.001. Significant change in 

comparison between group 2 and 3, ###p < 0.001 and #n.s non-

significant (p > 0.05). The significance was performed using One-

way ANOVA, followed by the Newman-Keuls test.  

 

Table 4: Biochemical liver investigations of Artemisia herba-

alba extract on ALT, AST, TAC and AFU. (Data are reported as 

Mean ± SD (n= 15)). 

Significant change in comparison between group 1 and other 

groups, where *p < 0.05; ***p < 0.001; and n.s non-significant (p 

> 0.05). Significant change in comparison between group 2 and 3, 
##p < 0.01; and #n.s non-significant (p > 0.05). The statistical 

analysis was performed using One-way ANOVA, followed by the 

Newman-Keuls test. 

Histopathological examination 

Liver tissue sections from all experimental groups 

stained by H&E. The control liver parenchyma was 

composed of classical hepatic lobules with an 

approximately hexagonal outline that were distinguished 

by the presence of the central vein in the center and 

peripheral portal triads. Hepatocyte plates with a blood 

sinusoid in between, oriented radially from the central vein 

to the periphery. In the blood sinusoids, portal vessels, and 

central veins of diabetic groups (B), there was noticeably 

more congested and dilated. Apoptotic hepatocytes 

displayed more acidophilic cytoplasm with a tiny, darkly 

stained nucleus. Infiltration of inflammatory cells was also 

clearly visible. AHA protective group (C) showed very 

little improvement, with mild congestion in the blood 

sinusoids inflammatory cellular infiltration, and some 

hepatocytes appeared with more acidophilic cytoplasm, 

and dense nuclei (apoptosis) (Fig. 1). This histological 

figure of hepatotoxicity induced by diabetes [32].  

STZ has a diabetogenic effect as it has selective 

destructive action on pancreatic Beta cells  inducing insulin 

insufficiency, hyperglycaemia as a characteristic picture of 

diabetes mellites type 1 DM1 [33]. The liver is greatly 

affected by DM1 as it is insulin dependent tissue and play 

an important role in glucose and lipid metabolism 

(glycogenogenesis and glycogenolysis [34]. 

 
Fig. 1. Photomicrographs of liver tissue sections from all 

experimental groups (H&E). (A) control group; show normal 

liver tissue, histological structure of central vein (CV), portal area 

(P) and hepatocytes, (B) diabetic group; show loss of normal liver 

tissue structure, show massively dilated central vein (CV) and 

inflammatory cellular infiltration (arrow heads) some hepatocytes 

show small dense apoptotic nuclei with more acidophilic 

cytoplasm (black arrow). In addition, other cells show vacuolated 

cytoplasm (red arrow). while (C) protective group; show very 

mild improvement with inflammatory cellular infiltration at portal 

area (P) (arrow head), and many hepatocytes with small dense 

nuclei and more acidophilic cytoplasm (black arrow) apoptotic 
liver cells. 

4 Conclusion 

The present study found that AHA extract slightly 

improve TAC, ALT, AST, C-peptide, and insulin in 

diabetic rats. However, a significant improved was noticed 

in AFU and α-amylase, which indicated the protective 

efficacy of the extract in against diabetes may be due its 

content of antioxidant compounds.  

Parameter Control Diabetic Protective 

ALT (U/ml) 20.00 ± 2.36 75.30 ± 4.11
*** 

73.4 ±3.55
***,#ns

 

AST (U/ml) 28.70 ± 2.12 75.30 ± 3.69
***

 69.00 ±3.55
***,#ns

 

TAC (mmol/l) 1.25 ± 0.68 0.27 ± 0.05
***

 0.56 ±0.17 
**, #ns

 

AFU (ng/ml) 0.39 ± 0.10 0.62 ± 0.03
*
 0.30 ± 0.05

ns, ##
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