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ABSTRACT

Aim: Achillea fragrantissima is a perennial herb used by Arabic Bedouin for the treat-
ment of several pathologies. Type 2 diabetes mellitus (T2DM) is a metabolic disorder 
that is usually associated with hyperlipidemia into what is nowadays known as the meta-
bolic syndrome epidemic. This study aim is to evaluate the effects of alcoholic and ethyl 
acetate extracts of A. fragrantissima in metabolically manipulated T2DM rats.
Materials and Methods: Induction of T2DM in rats was through high-fat diet for 12 con-
secutive weeks followed by a single injection of streptozotocin. The activities of both A. 
fragrantissima extracts were assessed in comparison with glibenclamide and fenofibrate 
as reference drugs. 
Results: Elevated blood glucose levels, serum lipid profile, liver functions, and kidney 
functions witnessed a significant reduction by treatment with the extracts. Meanwhile, 
Oxidative stress markers (malondialdehyde, glutathione peroxidas, and superoxide dis-
mutase), pro-inflammatory biomarkers (tumor necrosis factor-alpha and interleukin-6), 
and adhesion molecules (intercellular adhesion molecule-1 and vascular cell adhesion 
molecule-1) assessments recorded significant improvement after treatment with A. fra-
grantissima extracts. The results were also associated with the improvement in histo-
pathological examination of pancreas, liver, and kidney tissues. 
Conclusion: The current study suggests that A. fragrantissima extracts might be con-
sidered as a promising natural supplements for management of T2DM manifestations.
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Introduction

Type 2 diabetes mellitus (T2DM) is usually asso-
ciated with obesity leading to what is recently has 
been known as metabolic syndrome which is the 
clustering of interconnected biochemical, physio-
logical, clinical, and metabolic factors manifested 
through hyperglycemia, central obesity, hypercho-
lesterolemia, and elevated triglycerides (TG) due 
to processed food consumption [1]. It is estimated 
that 415 million (8.8%) of adults aged 20–79 years 
old are type 2 diabetic patients, while it is predicted 

that by 2040 about 642 million or 10% of adults 
aged 20–79 years old will have diabetes [2].

Achillea fragrantissima (Forssk.) Sch. Bip. is a 
member of the Asteraceae or Compositae family, 
Spermatophyta superdivision, Angiospermae divi-
sion, Dicotyledoneae class. Achillea fragrantissima 
has many synonyms and common names in differ-
ent languages such as lavender cotton in English 
and Qaysūm in Arabic, and it is a perennial herb 
with yellow petals flower. Achillea species has been 
known and used by the Arabic Bedouinas folk for 
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treatment of respiratory diseases, skin diseases, 
gastro-intestinal disturbances, high blood pressure, 
stomach aches, hepatobiliary complaints, and as 
analgesic [3–6]. Moreover, A. fragrantissima extract 
demonstrated in-vitro α-glucosidase inhibitory 
effect [7].

Induction of T2DM through introduction of high 
fat and low dose of streptozotocin (STZ) is based 
on simulating the natural pathology stages of dia-
betes by directing the model through two main 
key stages which include induction of insulin resis-
tance state and insulin insufficiency state. Insulin 
resistance state is induced by subjecting the rats 
to high-fat (high energy) diet based on the theory 
of characterization of obesity as a state of chronic 
low-grade inflammation [8] that can lead to propa-
gation of insulin resistance state through body cells, 
which in turn leads to T2DM [9]. The second stage 
which is insulin insufficiency, that is developed by 
incompetency of β-cell in performing their function 
by manipulating with low dose of STZ after being 
exhausted by the high-fat diet (HFD) period [10].

Association of T2DM and hyperlipidemia is 
usually treated by prescribing both anti-diabetic 
drug and hypolipidemic medications, concurrently. 
Glibenclamide is a potent hypoglycemic sulfony-
lurea derivative for management of T2DM, while 
fenofibrate is a fibric acid derivative which is com-
monly prescribed as a lipid-lowering agent [11].

The main target of conducting this study was to 
assess the activity of alcoholic and ethyl acetate 
extracts of A. fragrantissima in the treatment of T2DM, 
hyperlipidemia, and other metabolic repercussions, 
which could shed light on developing a potential 
natural alternative to minimize the side effects and 
drug-drug interactions that evolve when multiple 
medications has been consumed simultaneously.

Materials and Methods

Chemicals

Analytical grade solvents were used for extraction 
and chromatographic separation purchased from 
Sigma-Aldrich (St Louis, MO), Merck (Darmstadt, 
Germany), BDH (Poole, UK), Riedel de Haën (Seelze, 
Germany), and Fluka (Buchs, Switzerland). STZ 
(PubChem CID: 29327) and cholesterol (PubChem 
CID: 5997) powders were purchased from Sigma-
Aldrich Co. (St. Louis, MO). Glibenclamide was 
purchased from Sanofi-Aventis, Egypt. Fenofibrate 
was purchased from Minapharm under license of 
Fournier, Egypt, where crushed tablets were sus-
pended in distilled water.

Plant material

The aerial parts of Achillea fragrantissima Sch. Bip. 
(family: Asteraceae) were collected from Sinai des-
ert, Wadi Al Gady, Egypt during the flowering stage. 
Authentication of the plant was performed, where 
the voucher specimen was deposited in the her-
barium of National Research Centre (NRC), Cairo 
(Egypt).

Preparation of extracts

Aerial parts of A. fragrantissima approximately (3.2 
kg) were air-dried for a week until constant weight, 
and subsequently, powdered and exhaustively 
extracted using ethanol (80%) by using continu-
ous extraction apparatus. The total ethanol extract 
(Alc. Ext) was evaporated under vacuum at 40°C to 
yield brown oily viscous residue, which was divided 
into two portions: the first portion was diluted with 
distilled water to a concentration of 100 mg/ml, 
while the second portion of the residue was parti-
tioned with ethyl acetate to yield the ethyl acetate 
extract (Eth. Ac. Ext.), which was evaporated under 
reduced pressure to yield a residue and was diluted 
with distilled water into a concentration of 100 mg/
ml extract.

Phytochemical investigation

Quantitative estimation of total polyphenolic and 
flavonoid contents

Total polyphenolic compounds were quantified by 
Folin–Ciocalteau method using gallic acid as stan-
dard [12,13]. While, total flavonoids content was 
estimated using rutin as reference [14].

Chromatographic techniques

Aliquot of 5 μl of Alc. Ext and Eth. Ac. Ext was applied, 
separately, to two thin-layer chromatography (TLC) 
with the available authentic samples of phenolic 
compounds. TLC was performed on silica gel GF254 
pre-coated plates (Merck, Darmstadt, Germany). 
The chromatograms were visualized under UV light 
at 254 and 366 nm before and after exposure to 
ammonia vapor, as well as spraying with AlCl3 or 
p-anisaldehyde/sulfuric acid reagent using the sol-
vent systems: S1, benzene/ethyl acetate (9:2, v/v) 
and S2, hexane/ethyl acetate (1.5:8.5, v/v). Paper 
chromatography (descending) Whatman no. 1 col-
umn chromatography (CC) papers, using solvent 
systems (v/v): S3, acetic acid/H2O (1.5:8.5, v/v) 
and S4, n-butanol/acetic acid/H2O (4:1:5, upper 
layer) were applied. Spray reagents used were: R1, 
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sulphuric acid/methanol (30%), followed by heat-
ing at 105°C for 1–2 min for terpenes and R2, 1 g 
powder of AlCl3 in 100 ml of ethanol for flavonoids. 
CC was carried out using silica gel (Si) 60 (E. Merck) 
and Sephadex LH-20 (Pharmacia Fine Chemicals 
AB, Uppsala, Sweden).

Extraction and isolation

In order to identify the active components in the 
effective fraction, part of the ethylacetate extract 
(14 g) was preliminary subjected to a polyamide 
column (150 g, 120 × 5 cm) using a step gradient 
of H2O/MeOH (100:0–0:100 v/v) for elution to give 
44 fractions. The eluted fractions were grouped 
into four main fractions (Fc I–Fc IV) based on paper 
chromatography (PC) examination. They were col-
lected, monitored by TLC (solvent systems S1 and 
S2) and Comp-PC (solvent systems S3 and S4) using 
Whatman no. 1 paper sheets. Fraction I (Fc. I, 150 
mg) was subjected to repeated column chromatog-
raphy on microcrystalline cellulose using n-BuOH/
iso-propanol/H2O [butanol:isopropanol: water 
ratio (BIW), 4:1:5 v/v/v, top layer] as an eluent, 
followed by repeated cellulose column chromatog-
raphy for each major subfraction using MeOH/BIW 
(50%) to give pure samples of 1 (18 mg) and 2 (20 
mg). Fraction II (300 mg) was chromatographed on 
a Sephadex column chromatography (10% aqueous 
MeOH as an eluent) to give pure sample of 3 (31 
mg). Fc III (150 mg) was separated on a Sephadex 
column eluted with MeOH to give pure sample of 4 
(9 mg). Fc IV (0.8 g) was subjected to column chro-
matography (2 × 9 × 40 cm, 150 g) using Si 60 and 
elution with benzene/ethyl acetate (9:1) provided 
compound 5 (15 mg) after crystallization from 
chloroform. Subfraction Fc IV-2 was applied on Si 
CC (100 × 2 cm, 30 g) and elution was made with 
toluene/ethyl acetate (7:3) and the yellow precip-
itate obtained was subjected to Sephadex LH-20 
(ethanol) affording compound 6 (28 mg) and 7.

Animals

This study was performed on 70 adult male albino 
of the Wistar strain rats weighing 160 ± 10 g, sup-
plied from the animal house of the NRC (Dokki, Giza, 
Egypt). The study was approved by the Medical 
Research Ethics Committee of the NRC approval 
number (12-017) following the Guide for the Care 
and Use of Laboratory Animals (Eighth Edition, 
2011, published by The National Academies 
Press, 2101 Constitution Ave. NW, Washington, 
DC 20055) [15]. Animals were kept for 2 weeks to 

accommodate to laboratory conditions and were 
allowed ad libitum to chow and water.

Induction of T2DM and experimental design

Induction of type 2 diabetes was performed 
through feeding on high-fat chow, which was pro-
duced by addition of (lard fat to standard normal 
chow to raise the ratio of total fat to 20%) [16] as 
well as oral administration of cholesterol at a dose 
of 30 mg/0.3 ml olive oil/kg of animal body weight 
(BW) five times a week for the whole experiment 
period [17]. Table 1 shows constituents of the nor-
mal chow and HFD chow.

After 12 weeks of dietary manipulation, rats 
were subjected to a single intra-peritoneal STZ 
injection (40 mg/kg BW, dissolved in 0.01 M citrate 
buffer, pH 4.5) [16], after which rats were given 5% 
glucose solution 2 hours following STZ injection to 
avoid hypoglycaemic shock.

Animals were divided into seven groups (10 rats 
each). Group I served as normal control and the 
animals were fed with standard normal chow and 
received a single intra-peritoneal of 0.01 M citrate 
buffer (pH 4.5). Groups II (Normal/Alc. Ext) and III 
(Normal/Eth. Ac Ext), separately, received orally 
normal chow and received a single intra-peritoneal 
of 0.01 M citrate buffer, pH 4.5 and given daily oral 
dose of Alc. Ext and Eth. Ac Ext of A. fragrantissima 
[500 mg/kg animal weight (AW)], respectively daily 
for three consecutive weeks [18]. Group IV (HFD-
STZ control group) received high-fat chow and 
received a single intra-peritoneal STZ injection (40 
mg/kg BW, dissolved in 0.01 M citrate buffer, pH 4.5) 
and did not receive any treatment. Groups V (HFD-
STZ/Alc. Ext) and VI (HFD-STZ/Eth. Ac. Ext) were 
the diabetic rats that treated with daily oral dose 
(500 mg/kg AW) of Alc. Ext and Eth. Ac. Ext, respec-
tively for three consecutive weeks [18]. Group VII 
(HFD-STZ/reference drugs) received a daily oral 
dose of glibenclamide (10 mg/kg BW) [18]. along 
with fenofibrate (50 mg/kg BW) [19].

Table 1. The constituents of the normal chow and HFD 
chow.

Constituents Regular chow (%) High-fat chow (%)
Carbohydrates 72.2 62.4
Fats 3.4 20.2
Proteins 19.8 13.2
Cellulose 3.6 3.2
Vitamins and minerals 0.5 0.5
Salts 0.5 0.5
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Sample preparation

Three weeks of the respective diet, the animals were 
fasted overnight, each rat was anaesthetized with 
diethyl ether and its blood samples were collected. 
The serum was prepared by centrifugation and 
used for biochemical investigation. The rats were 
then sacrificed by cervical dislocation, the livers 
rapidly removed, washed in saline, dried on filter 
paper, weighed, and homogenized in 50 mM phos-
phate buffer, pH 7.4 using an Ultra-Turrax homoge-
nizer where resultant homogenate (20% w/v) then 
centrifuged at 3,000 rpm for 15 minutes at 4°C. The 
resulted supernatant was stored at −80°C for fur-
ther investigation.

Biochemical investigations

Estimation of BW, blood glucose levels, and liver 
glycogen content

A weekly body weighting using digital scale, as well 
as, determination of serum fasting blood glucose 
levels using enzymatic colorimetric Biodiagnostic 
kits, Catalog no. GL1320 [20] using rats’ tail vein 
by a portable glucometer (Accu-Chek Active, Roche 
Diagnostics Ltd., Mannheim, Germany) periodically 
at day 0, 3, 7, 14, and 21 of diabetes induction were 
performed. Liver glycogen content was estimated 
according to the method of Carroll et al. [21] where 
one gram of liver tissue was boiled in 5 ml 30% 
potassium hydroxide for 15 minutes, then addition 
of 5 ml of absolute ethyl alcohol and centrifuged at 
3,000 rpm for 10 minutes, discarded the superna-
tant and dissolved the precipitate in 5 ml distilled 
water, then, developing color using anthrone reagent 
(0.05% anthrone, 1% thiourea, and 72% per volume 
H2S04) measuring absorbance at 610 nm.

Estimation of lipid profiles parameters

Lipid profile assessments were conducted through 
estimation of serum total cholesterol (TC), low-den-
sity lipoprotein (LDL-C), high-density lipoprotein 
(HDL-C), TG, total lipids (TL), and phospholipids 
(PL) according to the method of Richmond [22], 
Wieland and Seidel [23], Burstein et al. [24] and 
Lopez-Virella et al. [25], Fossati and Prencipe [26], 
Zöllner and Kirsch [27], Zilversmit et al. [28] and 
Connerty et al. [29], respectively using kits supplied 
from Biodiagnostics (Egypt).

Estimation of hepatic functions markers

Investigation of serum aspartate and alanine ami-
notransferase (AST and ALT), alkaline phosphatase 
(ALP), and total bilirubin were proceeded according 

to the method of Reitman and Frankel [30], Bowers 
et al. [31], and Walters and Gerarde [32], respec-
tively using kits provided from Biodiagnostics 
(Egypt). Whereas, γ-Glutamyltransferase (GGT) 
was estimated kinetically according to the method 
of Persijn and van der Slik [33,34] using kits pro-
vided from the Egyptian Company of Biotechnology, 
Spectrum, Egypt.

Estimation of kidney functions markers

Serum urea was determined colorimetrically accord-
ing to the method of Fawcett and Scott [35] using 
kits purchased from Biodiagnostics (Egypt). While, 
serum creatinine was determined by kinetic analysis 
according to the method of Bartels et al. [36] using 
kits purchased from Biodiagnostics, Egypt.

Estimation of oxidative stress markers

The oxidative stress markers hepatic malondi-
aldehyde (MDA), hepatic superoxide dismutase 
(SOD), and hepatic glutathione peroxidase (GPx) 
were estimated according to the method of Satoh 
[37], Nishikimi et al. [38], Paglia and Valentine 
[39], respectively using kits purchased from 
Biodiagnostics (Egypt).

Estimation of pro-inflammatory markers

Serum tumor necrosis factor-alpha (TNF-α) and 
interleukin-6 (IL-6) levels were estimated by an 
enzyme-linked immunoassay (ELISA) kit purchased 
from Quantikine®, R & D systems (MN, USA).

Estimation of serum adhesion molecules

Serum soluble intercellular adhesion molecule-1 
(sICAM-1) and vascular cell adhesion molecule-1 
(sVCAM-1) levels were measured by ELISA kit pur-
chased from Quantikine®, R and D systems (MN, 
USA) and EIAab® (USA), respectively.

Histopathological investigation

Liver and kidney samples were preserved in 10% 
formalin, while pancreas samples were preserved 
in Bouin’s solution. Samples were molded into par-
affin bees wax tissue blocks and cut into 4-μm thick-
ness sections and stained by hematoxylin and eosin 
stain for routine examination through the light elec-
tric microscope, as well as, Masson’strichrome stain 
for detection of fibrosis and collagen [40].

Statistical analysis

Data were expressed as mean ± standard deviation 
(SD). Results were analyzed statistically by one-way 
analysis of variance (ANOVA) followed by post-hoc 
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Tukey’s procedure for comparison of therapeutic 
group’s means. Differences were considered signif-
icant at P < 0.05 using SPSS (SPSS for windows 7, 
version 20, Chicago, IL) software.

Results

Phytochemical results

Quantitative estimation of total polyphenolic and 
flavonoid contents

Total polyphenolics content (expressed as milli-
gram of gallic acid equivalent per milligram of plant 
extract) was higher for Eth. Ac. Ext (25.73 ± 0.39) 
compared to Alc. Ext (17.52 ± 0.19). Similar obser-
vations were made with total flavonoids content 
(mg/g extract), in rutin equivalents and found to be 
1.09 ± 0.02 for Eth. Ac. Ext and 0.79 ± 0.01 for the 
Alc. Ext.

Phytochemical identification of the ethyl acetate 
extract fractions

Seven phenolic compounds were isolated from the 
Eth. Ac. Ext of A. fragrantissima. Three were the fla-
vonoid glycosides apigenin-6-C-glucoside, querce-
tin-3-O-galactoside, and apigenin-7-glucoside [41]. 
Four flavonoid aglycones, luteolin, jaceidin, and 
scutellarein 6,7-dimethyl ether [41], along with a 
triterpene, taraxerol acetate, were identified. The 
compounds were identified on the basis of spec-
tral data (UV, 1H-, and 13C-NMR) and the analytical 
data were in agreement with those reported in the 
literature.

Biochemical results

Weight monitoring assessment

After 12 weeks of dietary manipulation (HFD and oral 
cholesterol), rats showed a significant BW increase 

when compared to normally fed control group with 
an increase in weight by 85% of their initial weight, 
while rats feeding on standard chow only increased 
by 14.32% of their initial weight. Meanwhile, intro-
duction of Alc. Ext and Eth. Ac. Ext of A. fragrantis-
sima along with HFD caused significant reduction 
when compared with diabetic control feeding on the 
same high-fat chow mix as shown in Table 2.

Fasting blood glucose (FBG) and liver glucogen 
content assessment

Table 3 represents FBG levels, where HFD-STZ dia-
betic rats demonstrated a significant increase in 
FBG reaching 549.74% when compared to normal 
control group. Treatment with Alc. Ext and Eth. Ac. 
Ext of A. fragrantissima and combination of gliben-
clamide and fenofibrate for 1 week caused signif-
icant decrease by 36.62%, 30.24%, and 32.66%, 
respectively when compared to untreated diabetic 
rats. While, treatment for 2 weeks by Alc. Ext and 
Eth. Ac. Ext of A. fragrantissima as well as combina-
tion of glibenclamide and fenofibrate exhibited sig-
nificant decrease in blood glucose level by percent-
age of improvement 75.06%, 40.59%, and 31.62%, 
respectively when compared to untreated diabetic 
group. Wheras, after three weeks of treatment by 
Alc. Ext and Eth. Ac. Ext, as well as the combination 
of (glibenclamide and fenofibrate) caused signif-
icant reductions in fasting blood glucose level by 
78.02%, 68.84%, and 70.69%, respectively when 
compared to untreated diabetic rats. Furthermore, 
treatment by Alc. Ext and Eth. Ac. Ext caused FBG 
levels to reach normal value range.

Regarding liver glycogen content, HFD-STZ dia-
betic rats exhibited a significant decrease in liver 
glycogen content reaching 51% when compared 
with normal control. Treatment with Alc. Ext and 
Eth. Ac. Ext caused significant increase in liver 

Table 2. Effect of alcoholic and ethyl acetate extracts of A. fragrantissima on BW of HFD-STZ diabetic rats and different 
therapeutic groups.

Groups Initial wt.
HFD 

12 weeks
Week of treatment

The first The second The third
Normal control 158.7 ± 3.302 183.25 ± 10.59b 189.38 ± 4.44b 188.12 ± 7.84b 188.13 ± 7.85b

Normal/Alc. Ext 161.30 ± 3.093 183.00 ± 18.85b 181.00 ± 11.30b 186.13 ± 25.73b 187.13 ± 25.73b

Normal/Eth. Ac. Ext 160.90 ± 3.247 183.00 ± 7.01b 187.17 ± 5.60b 185.00 ± 11.34b 182.0 ± 11.34b

HFD-STZ control 159.60 ± 1.265 292.13 ± 38.57a 290.13 ± 38.57a 291.13 ± 38.56a 296.13 ± 38.57a

HFD-STZ/Alc. Ext 160.40 ± 2.951 299.67 ± 7.79a 190.00 ± 40.2b 184.34 ± 38.7b 180.34 ± 38.7b

HFD-STZ/Eth. Ac. Ext 159.45 ± 2.252 290.71 ± 30.77a 226.57 ± 20.88a/b 196.861 ± 26.1b 196.87 ± 26.07b

HFD-STZ/Reference 
drugs

159.78 ± 3.153 293.43 ± 17.57a 202.43 ± 4.58b 197.43 ± 5.01b 195.43 ± 5.01b

Values are expressed as mean ± SD, (n = 10). P-Value < 0.05, Groups superscripted by (a) symbol are significantly different from normal 
control group, and those superscripted by (b) are significantly different from HFD-STZ control group.
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Table 3. Effect of alcoholic and ethyl acetate extracts of A. Fragrantissima on fasting blood glucose of HFD-STZ diabetic 
rats and different therapeutic groups.

Groups
72 hours after STZ 

injection
Week of treatment

The first The second The third
Normal control 68.29 ± 2.55b 62.29 ± 3.22b 67.43 ± 1.94b 76.29 ± 3.51b

Normal/Alc.Ext 67.15 ± 4.08b 69.15 ± 4.08b 67.14 ± 5.81b 84.57 ± 6.61b

Normal/Eth.Ac Ext 59.86 ± 2.62b 65.86 ± 4.27b 63.86 ± 4.59b 68.86 ± 2.84b

HFD-STZ control 443.71 ± 18.65a 396.7 ± 18.35a 410.71 ± 15.18a 395.73 ± 16.34a

HFD-STZ/Alc. Ext 432.0 ± 25.22a 251.43 ± 16.4a/b 102.43 ± 14.11b 87.00 ± 4.46b

HFD-STZ/Eth. Ac. Ext 465.29 ± 7.63a 276.72 ± 21.9a/b 244.0 ± 17.05a/b 123.29 ± 17.67a/b

HFD-STZ/Reference drugs 444.57 ± 18.58a 267.15 ± 30.18a/b 280.86 ± 7.17a/b 116.0 ± 5.33b

Values are expressed as mean ± SD, (n = 10). P-Value < 0.05 ,Groups superscripted by (a) symbol are significantly different from normal 
control group, and those superscripted by (b) are significantly different from HFD-STZ control group.

Table 4. Effect of alcoholic and ethyl acetate extracts of A. 
fragrantissima on liver glycogen content of HFD-STZ diabet-
ic rats and different therapeutic groups.

Groups Glycogen 
(mg/g tissue)

Normal control 8.76 ± 0.45b

Normal/Alc. Ext 7.54 ± 1.35b

Normal/Eth. Ac. Ext 7.95 ± 1.06b

HFD-STZ control 4.27 ± 0.14a

HFD-STZ/Alc. Ext 6.18 ± 0.37a/b

HFD-STZ/Eth. Ac. Ext 6.19 ± 0.13a/b

HFD-STZ/Reference drugs 5.35 ± 1.22a

Values are expressed as mean ± SD, (n = 10). P-Value < 
0.05,Groups superscripted by (a) symbol are significantly different 
from normal control group, and those superscripted by (b) are 
significantly different from HFD-STZ control group.

Table 5. Effect of alcoholic and ethyl acetate extracts of A. fragrantissimaon lipid profile parameters of HFD-STZ diabetic 
rats and different therapeutic groups.

Groups
TC 

(mg/dl)
LDL-C 

(mg/dl)
HDL-C 

(mg/dl)
TG 

(mg/dl)
TL 

(mg/dl)
PL 

(mg/dl)
Normal control 88.10 ± 5.01b 12.31 ± 1.89b 75.38 ± 6.3b 31.38 ± 6.79b 209.13 ± 18b 91.25 ± 5.72b

Normal/Alc. Ext 87.13 ± 1.33b 17.90 ± 1.18b 64.75 ± 6.15b 24.67 ± 1.79b 195.03 ± 12.3b 86.67 ± 4.08b

Normal/Eth. Ac. Ext 85.50 ± 1.52b 18.96 ± 2.49b 62.59 ± 3.20b 24.67 ± 1.79b 195.03 ± 12.3b 85.07 ± 3.08b

HFD-STZ control 237.19 ± 4.76a 106. 0 ± 9.86a 37.72 ± 2.55a 106.38 ± 6.36a 580 ± 49.14a 235.0 ± 11.95a

HFD-STZ/Alc. Ext 118.28 ± 11.8a/b 62.06 ± 5.73a/b 43.40 ± 2.0a 38.97 ± 8.69b 288.13 ± 24a/b 117.5 ± 3.89a/b

HFD-STZ/Eth. Ac. Ext 125.47 ± 14.7a/b 62.35 ± 3.99a/b 53.52 ± 2.53a/b 37.59 ± 6.29b 278.3 ± 14.3a/b 125.00 ± 4.56a/b

HFD-STZ/Reference  
drugs

94.69 ± 11.97b 39.92 ± 4.02a/b 46.05 ± 2.32a 60.90 ± 6.93a/b 265.63 ± 22.1a/b 100.0 ± 5.98b

Values are expressed as mean ± SD, (n = 10). P-Value < 0.05,Groups superscripted by (a) symbol are significantly different from normal 
control group, and those superscripted by (b) are significantly different from HFD-STZ control group.

glycogen content with 44.76% and 44.96%, respec-
tively when compared with untreated diabetic 
group. Meanwhile, combination of glibenclamide 
and fenofibrate caused insignificant increase in liver 
glycogen content as illustrated in Table 4.

Lipid profile assessment

Serum lipids profile investigation as shown in Table 
5 revealed that HFD-STZ diabetic group exhibited 
significant elevation in serum TC, LDL-C, TG, TL, PL 

reaching 169.22%, 761.09%, 239.00%, 177.35%, and 
157.53%, respectively and significant reduction by 
a value of 49.97% in serum HDL-C when compared 
to the normal control group. Treatment of HFD-STZ 
diabetic rats with Alc. Ext and Eth. Ac. Ext caused sig-
nificant decrease in values of serum TC, LDL-C, TG, 
TL, and PL by 50.13%, 63.78%, 63.37%, 50.32%, and 
50.00%, respectively for Alc. Ext; 47.10%, 63.61%, 
64.67%, 52.03%, and 46.81%, respectively for Eth. Ac. 
Ext and when compared to untreated diabetic group. 
Concerning HDL, treatment by Eth. Ac Ext caused 
significant increase by the value 42.43%; while treat-
ment with alcoholic extract of A. fragrantissima and 
reference drug combination (glibenclamide and 
fenofibrate) caused insignificant increase in serum 
HDL when compared to untreated diabetic group.

Liver functions assessment

Regarding liver functions assessment, as shown 
in Table 6, it is shown that HFD-STZ induced dia-
betic rats exhibited significant elevation in hepatic 
functions parameters ALT, AST, ALP, GGT, and total 
bilirubin reaching to 171.48%, 76.69%, 145.22%, 
435.75%, and 65.62%, respectively when compared 
to the normal control levels. Treatment with Alc. Ext 
and Eth. Ac. Ext deduced significant reduction in ALT, 
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AST, ALP, GGT, and total bilirubin values by 31.28%, 
19.51%, 48.13%, 40.83%, and 30.33%, respectively 
for treatment with Alc. Ext and 18.30%, 16.86%, 
45.65%, 33.74%, 24.00%, and 21.63%, respectively 
for Eth. Ac. Ext group when compared with untreated 
diabetic group.

Kidney functions assessment

HFD-STZ induced diabetic rats suffered a signifi-
cant elevation in serum urea and creatinine levels 
as shown in Table 7 which reached 182.24% and 
124.25% respectively, when compared with normal 
negative control. Treatment with Alc. Ext and Eth. Ac. 
Ext caused significant decrease in serum urea and 
creatinine values, this decrease reached 48.34% and 
32.85%, respectively for Alc. Ext and 48.34% and 
45.76%, respectively for Eth. Ac. Ext when compared 
with untreated diabetic control group.

Oxidative stress assessment

Untreated diabetic rats suffered a significant 
increase in hepatic MDA this increase reached a 

percentage of 202.08%. However, a significant 
reduction in both hepatic GPx and SOD occurred 
by percentage of 28.26% and 80.76%, respectively 
when compared with normal control. Treatment 
of HFD-STZ induced diabetic rats with Alc. Ext and 
Eth. Ac. Ext caused a significant decrease in MDA 
by the value of 47.50% and 44.41%, respectively as 
shown in Figure 2. Furthermore, as demonstrated 
upon treatment, Alc. Ext and Eth. Ac. Ext shows sig-
nificant elevation in GPx levels occurred by value of 
21.07% and 32.2%, respectively and a significant 
increase in SOD levels by 156.87% and 135.30%, 
respectively when compared to untreated diabetic 
group as shown in Figures 1–3.

Pro-inflammatory markers assessment

HFD-STZ diabetic control rats illustrated significant 
increase in serum TNF-α and IL-6; with a percent-
age 86.77% and 34.18%, respectively when com-
pared with normal control values. Treatment of 
HFD-STZ diabetic by Alc. Ext and Eth. Ac. Ext caused 

Table 6. Effect of alcoholic and ethyl acetate extracts of A. fragrantissima on liver functions of HFD-STZ diabetic rats and 
different therapeutic groups.

AST
(U/L)

ALT
(U/L)

ALP
(U/L)

GGT
(U/L)

Total bilirubin
(mg/dl)

Normal control 35.10 ± 1.99b 34.71 ± 3.65b 32.81 ± 2.62b 8.97 ± 1.21b 0.63 ± 0.07b

Normal/Alc. Ext 42.40 ± 4.02b 41.54 ± 2.85b 32.11 ± 6.0b 12.84 ± 2.3b 0.63 ± 0.069b

Normal/Eth. Ac. Ext 41.28 ± 9.1b 37.64 ± 1.39b 33.91 ± 2.21b 12.1 ± 2.12b 0.65 ± 0.03b

HFD-STZ control 95.27 ± 7.89a 61.34 ± 5.37a 80.46 ± 4.09a 48.05 ± 7.07a 1.05 ± 0.17a

HFD-STZ/Alc. Ext 65.46 ± 1.99a/b 49.33 ± 5.89a/b 41.74 ± 3.28a/b 28.44 ± 2.47a/b 0.73 ± 0.15b

HFD-STZ/Eth. Ac. Ext 77.82 ± 1.92a/b 50.95 ± 6.20a/b 43.73 ± 2.40a/b 31.85 ± 3.095a/b 0.80 ± 0.04a/b

HFD-STZ/Reference drugs 76.14 ± 2.95a/b 54.53 ± 1.96a/b 47.32 ± 2.79a/b 27.50 ± 6.62a/b 0.84 ± 0.11a/b

Values are expressed as mean ± SD, (n = 10). P-Value < 0.05, Groups superscripted by (a) symbol are significantly different from normal 
control group, and those superscripted by (b) are significantly different from HFD-STZ control group.

Figure 1. Therapeutic effects of A. fragrantissima 
extracts on Glutathione peroxidase levels. Values are 
expressed as Mean ± SD, (n = 10). P-value < 0.05 is 
considered significant using using one way ANOVA 
with post hoc tukey’s procedure. Groups denoted by (a) 
symbol are significantly different from normal control 
group, while those denoted by (b) are significantly dif-
ferent from HFD-STZ control group.

Table 7. Effect of alcoholic and ethyl acetate extracts of 
A. fragrantissima on kidney functions of HFD-STZ diabetic 
rats and different therapeutic groups.

Groups
Serum urea 

(mg/dl)
Serum creatinine 

(mg/dl)
Normal control 35.09 ± 3.7b 0.54 ± 0.03b

Normal/Alc. Ext 36.52 ± 1.62b 0.53 ± 0.03b

Normal/Eth. Ac. Ext 36.26 ± 2.52b 0.50 ± 0.07b

HFD-STZ control 99.12 ± 3.45a 1.21 ± 0.34a

HFD-STZ/Alc. Ext 51.21 ± 4.16a/b 0.81 ± 0.07a/b

HFD-STZ/Eth. Ac. Ext 51.75 ± 4.45a/b 0.66 ± 0.10b

HFD-STZ/Reference 
drugs

48.03 ± 6.74a/b 0.63 ± 0.07b

Values are expressed as mean ± SD, (n = 10). P-Value < 0.05 
is considered significant using one way ANOVA with post-hoc 
Tukey’s procedure. Groups denoted by (a) symbol are significantly 
different from normal control group, while those denoted by (b) 
are significantly different from HFD-STZ control group.
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significant reduction in serum TNF-α and IL-6, with 
percent change of 23.32% and 17.66%, respec-
tively for alcoholic extract and 19.66% and 25.80%, 
respectively for Eth. Ac. Ext when compared to 
HFD-STZ induced diabetic control rat as recorded 
in Figures 4 and 5.

Atherosclerosis indicators assessment

HFD-STZ diabetic control group rats suffered a 
significant increase in sICAM-1 and sVCAM-1 as 
demonstrated in Figures 6 and 7, this increase 
reached 205.09%, 133.96%, and 36.63%, respec-
tively when compared with normal control levels. 
Eth. Ac. Ext. treatment caused a significant reduction 
in sICAM-1 and sVCAM-1 levels by a percentage of 
43.37% and 19.71%, respectively, while treatment 
by alcoholic extract of A. fragrantissiman recorded a 
significant reduction in VCAM-1 by 5.26%, while an 
insignificant decrease in sICAM-1 when compared 
with untreated HFD-STZ induced diabetic control.

Histopathological results

Pancreatic sections of normally fed non-diabetic rats 
when given Alc. Ext and Eth. Ac. Ext showed no histo-
pathological alteration as recorded in Figure 8B and C 
in comparison to normal control group that showed 
no histological alteration and the normal histolog-
ical structure of the islets of Langerhans cells as the 
endocrine portion as well as the acini of the exocrine 
portion as shown in Figure 8A. Meanwhile, HFD-STZ 
induced diabetic rat’s pancreas sections showed 
degeneration and atrophy in the islets of Langerhans 
cells (Fig. 8D). However, HFD-STZ diabetic rats treated 
by alcoholic extract of A. fragrantissima demonstrated 
atrophy in the islets of Langerhans cells (Fig. 8E). 
Fortunately, HFD-STZ diabetic rats treated by Eth. Ac. 
Ext of A. fragrantissima showed some improvement, as 
it was found that the islets of Langerhans cells showed 
moderate degeneration and atrophy with congestion 
in the blood vessels (Fig. 8F). While, pancreas sections 
of HFD-STZ induced diabetic rats treated by the drug 

Figure 2. Therapeutic effects of A. fragrantissima 
extracts on Malondialdehyde levels. Values are 
expressed as Mean ± SD, (n = 10). P-value < 0.05 is 
considered significant using using one way ANOVA 
with post hoc tukey’s procedure. Groups denoted by (a) 
symbol are significantly different from normal control 
group, while those denoted by (b) are significantly dif-
ferent from HFD-STZ control group.

Figure 3. Therapeutic effects of A. fragrantissima 
extracts on superoxide dismutase levels. Values are 
expressed as Mean ± SD, (n = 10). P-value < 0.05 is 
considered significant using using one way ANOVA 
with post hoc tukey’s procedure. Groups denoted by (a) 
symbol are significantly different from normal control 
group, while those denoted by (b) are significantly dif-
ferent from HFD-STZ control group.

Figure 4. Therapeutic effects of A. fragrantissima 
extracts on Tumor necrosis factor alpha levels. Values 
are expressed as Mean ± SD, (n = 10). P-Value < 0.05 
is considered significant using using one way ANOVA 
with post hoc tukey’s procedure. Groups denoted by (a) 
symbol are significantly different from normal control 
group, while those denoted by (b) are significantly dif-
ferent from HFD-STZ control group.

Figure 5. Therapeutic effects of A. fragrantissima 
extracts on IL 6 levels. Values are expressed as Mean 
± SD, (n = 10). P-Value < 0.05 is considered significant 
using using one way ANOVA with post hoc tukey’s 
procedure. Groups denoted by (a) symbol are signifi-
cantly different from normal control group, while those 
denoted by (b) are significantly different from HFD-STZ 
control group.
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Figure 6. Therapeutic effects of A. fragrantissima 
extracts on Intercellular Adhesion Molecule 1 levels. 
Values are expressed as Mean ± SD, (n = 10). P-value 
< 0.05 is considered significant using using one way 
ANOVA with post hoc tukey’s procedure. Groups 
denoted by (a) symbol are significantly different from 
normal control group, while those denoted by (b) are 
significantly different from HFD-STZ control group.

Figure 7. Therapeutic effects of A. fragrantissima 
extracts on vascular cell adhesion molecule 1 levels. 
Values are expressed as Mean ± SD, (n = 10). P-Value 
< 0.05 is considered significant using using one way 
ANOVA with post hoc tukey’s procedure. Groups 
denoted by (a) symbol are significantly different from 
normal control group, while those denoted by (b) are 
significantly different from HFD-STZ control group.

Figure 8. Effect of A. fragrantissima extracts on pancreatic tissue histology in HFD-STZ induced diabetic rats and 
other therapeutic group. (A) Normal control, (B) normal/alcoholic extract, (C) normal/ethyl acetate extract, (D) 
HFD-STZ induced diabetic, (E) HFD-STZ/alcoholic extract, (F) HFD-STZ/ethyl acetate extract, and (G) HFD-STZ/glib-
enclamide and fenofibrate; Where each group denoted with a letter only for (H & E) stained slides and those stained 
with Masson’s trichome are denoted with a letter accompanied with (*), scale bar = 200 µm.
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combination of fenofibrate and glibenclamide showed 
atrophy in the islets of Langerhans cells (Fig. 8G).

Liver sections in normal control group showed 
no histological alteration and normal histolog-
ical structure of the central vein and surround-
ing hepatocytes were recorded in (H & E) stained 
slides as shown in Figure 9A and Masson’strichome 
stained slides (Fig. 9A*); as well as, liver sections of 
normally fed non-diabetic rats given Alc. Ext and 
Eth. Ac. Ext showed no histological alterations as 
recorded in Figure 9B and B* and Figure 9C and C*. 
HFD-STZ diabetic rats liver sections demonstrated 
sever dilatation and congestion in the central vein 
as well as the portal veins associated with degener-
ation in the hepatocytes surrounding and adjacent 
the first one, while the inflammatory cells infiltra-
tion was detected in the portal area (Fig. 9D); while 
in the slides stained with Masson’strichome stained 
increased collagen depositions as it developed mild 
fibrosis in the portal area (Fig. 9D*). Treatment of 
diabetic rats by alcoholic extract of A. fragrantis-
sima deduced slight improvement in liver sections, 
where it less congestion in the portal veins associ-
ated with less oedema in the portal area (Fig. 9E 
and E*). While treatment of diabetic rats by ethyl 
extract of A. fragrantissima caused a noticeable 
improvement in liver sections was recorded in 
Figure 9F, where less dilatation and congestion of 
the portal veins and less deposition of collagen as 
shown in Figure 9F*. Treatment by drug combina-
tion of glibenclamide and fenofibrate caused dimin-
ished improvement in liver sections, where there 
was congestion in the central and portal veins asso-
ciated with oedema and mild fibrosis in the portal 
area (Fig. 9G and G*).

HFD-STZ induced diabetic kidney sections 
demonstrated degeneration in the lining epithe-
lium in some of cortical tubules and necrosis with 
congestion in the glomeruli. Focal hemorrhage was 
noticed in between the degenerated tubules at the 
corticomedullary portion Figure 10D. HFD-STZ 
induced diabetic rats treated by alcoholic extract 
of A. fragrantissima deduced minor improvement 
in kidney sections, where it still showed degen-
erative change and necrosis in the lining epithe-
lium of some few tubules at the cortex Figure 10E. 
While treatment of HFD-STZ induced diabetic rats 
by ethyl extract of A. fragrantissima demonstrated 
improvement in kidney sections, where no histo-
pathological alteration was detected when com-
pared to normal control sections as in Figure 10F. 
Kidney sections of HFD-STZ induced diabetic rats 
treated by drug combination of glibenclamide and 

fenofibrate showed congestion in the cortical blood 
vessels and glomeruli Figure 10G.

Discussion

Obesity and hyperlipidemia are considered to be 
one of the epidemics due to processed foods con-
sumption and non-active life style [42]. The current 
study simulated metabolic syndrome through asso-
ciation between hyperlipidemic state accompanied 
with hyperglycemia (T2DM) propagated due to die-
tary manipulation through HFD followed by mode-
rate destruction of β-cells by inflammation due to 
low dose of STZ, which was in agreement with the 
findings of Hwang et al. [43]. After treatment for 
three weeks with Alc. Ext and Eth. Ac. Ext of A. fra-
grantissima, FBG levels were significantly reduced 
and even surpassed the hypoglycemic effect 
recorded after treatment by glibenclamide. Even 
though, it was recorded that fenofibrate enhances 
glibenclamide’s hypoglycemic effect due to inhibi-
tion of cytochrome p-450 isoforms responsible for 
the metabolism of glibenclamide [11].

A present data indicated that the Eth. Ac. Ext has 
more activity against oxidative stress parameters 
than the Alc. Ext. The activity may be related to the 
presence of various classes of phenolic compounds 
of flavones and flavonols classes that were present 
in the two extracts, but in different amounts. In our 
present work, three flavones derivatives luteolin, 
apigenin-6-C-glucoside, and cosmosiin (apigenin 
7-glucoside) were isolated and identified from the 
Eth. Ac Ext of A. fragrantissima. Numerous reports 
showed that apigenin and other flavones exhib-
ited different properties, such as anti-inflamma-
tory, anti-oxidative, and antihepatotoxic properties 
and the hypolipidemic and antidiabetic activities 
of these flavones are likely due to their proper-
ties [44]. Structure–activity relationship study has 
revealed that the specific structure of flavones with 
the presence of the 3΄- and 4΄-OH groups in the 
B-ring and a double bond between C-2 and C-3 are 
important factors for their recognition and binding 
by glycogen phosphorylase (GP). Flavones inhib-
ited dephosphorylated GP, and they could have 
the potential to contribute to the protection or 
improvement of control of T2DM [13]. Quercetin 
was found to inhibit hepatic cholesterol biosynthe-
sis in vitro and to have a hypocholesterolemic effect 
in vivo [44].

The susceptibility to free radical attack and har-
mful effect on liver function might be done with the 
excessive storage of fat in the liver and the diabetic 
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Figure 9. Effect of A. fragrantissima extracts on hepatic tissue histology in HFD-STZ induced diabetic rats and other 
therapeutic group. (A) Normal control, (B) normal/alcoholic extract, (C) normal/ethyl acetate extract, (D) HFD-STZ 
induced diabetic, (E) HFD-STZ/alcoholic extract, (F) HFD-STZ/ethyl acetate extract, and (G) HFD-STZ/glibenclamide 
and fenofibrate; Where each group denoted with a letter only for (H & E) stained slides and those stained with 
Masson’s trichome are denoted with a letter accompanied with (*), scale bar = 200 µm.
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Figure 10. Effect of A. fragrantissima extracts on kidney tissue histology in HFD-STZ induced diabetic rats and other 
therapeutic group. (A) Normal control, (B) normal/alcoholic extract, (C) normal/ethyl acetate extract, (D) HFD-STZ 
induced diabetic, (E) HFD-STZ/alcoholic extract, (F) HFD-STZ/ethyl acetate extract, and (G) HFD-STZ/glibenclamide 
and fenofibrate; Where each group denoted with a letter only for (H & E) stained slides and those stained with 
Masson’s trichome are denoted with a letter accompanied with (*), scale bar = 200 µm.
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state. Treatment with the Eth. Ac. Ext of A. fragran-
tissima, containing the flavones aglycone luteolin 
and the glycosides apigenin-6-C-glucoside and cos-
mosiin, may prevent oxidative damage by detoxi-
fying reactive oxygen species (ROS); thus, reducing 
hyperlipidemia [45] with a concomitant decrease in 
ALT, AST, and ALP enzyme activities. The decreased 
ALT and AST enzyme activities in serum, as a result 
of the treatment with the Alc. Ext and Eth. Ac. Ext, 
might be ascribed to the ability of phenolic compou-
nds to maintain membrane integrity extract. Other 
flavonoids were also reported, such as afroside, cir-
simartin, chrysoplenol, and cirsiliol [3]. A. fragran-
tissima tannin content reaches 8% such as resorcin, 
phloroglucin, methyl phloroglucin, and pyrocate-
chol. High percentage of tannins may have reduced 
lipid peroxidation by acting as antioxidants, and 
hence, aiding the endogenous antioxidant enzymes 
involved in the scavenging inactivation of the ROS 
or redox metal ions before lipid peroxidation takes 
place.

Also, A. fragrantissima showed a significant 
α-glucosidase inhibitory activity due to the pres-
ence of phenolic compounds which were previously 
isolated from Achillea species. This activity may 
related to these compounds that have the poten-
tial of reducing the postprandial glucose and insu-
lin peaks to reach normoglycaemia and delay the 
absorption of ingested carbohydrates [7], as this 
pathway may be differed from the regular mecha-
nisms of acarbose and miglitol α-glucosidase inhib-
itors [46].

A significant reduction in liver glycogen content 
level was showed in STZ-induced diabetic rats. 
These results were in consistence with the findings 
of Mandour [18]. However, treatment by Alc. Ext 
and Eth. Ac. Ext caused increase in liver glycogen 
content suggesting increased gluconeogenesis and 
a decreased glycogenolysis [47]. Structure–activity 
relationship study has revealed that the present fla-
vones posses special structure concerning the pres-
ence of the 3΄- and 4΄-OH groups in the B-ring and 
a double bond between C-2 and C-3, which was an 
important factor for their recognition, binding, and 
inhibition to GP [48].

In the present study, dietary manipulation 
caused significant increase in BW associated with 
hyperlipidemia which was harmony with the find-
ings of Shalaby et al. [12]. Extracts of A. fragrantis-
sima caused a significant reduction in BW as well 
as serum lipid profile parameters (TC, LDL-C, TG, 
TL, and PL). Additionally, treatment by Eth. Ac. Ext 
caused significant increase in HDL-C values, this 

could be attributed to the quercetin which was 
found to inhibit hepatic cholesterol biosynthesis 
in vitro and to have a hypocholesterolemic effect in 
vivo [44].

Approximately, 70%–80% of T2DM patients 
suffer from non-alcoholic fatty liver [49], which 
accounts for 13% probability of hepatocellular car-
cinoma (HCC) [49]. In the present study, significant 
increase in ALT, AST, ALP, GGT, and total bilirubin 
in HFD-STZ diabetic control, while treatment with 
Alc. Ext and Eth. Ac. Ext caused significant decrease 
when compared to untreated diabetic rats; this 
reduction might be ascribed to the ability of phe-
nolic compounds to maintain membrane integrity 
as well as flavonoids such as afroside, cirsimartin, 
chrysoplenol, and cirsiliol [50].

Diabetic nephropathy also known as diabetic 
kidney disease (DKD) is one of the most serious 
complication of diabetes [51]. Regarding kidney 
clearance performance and functions in the pres-
ent work, an elevation in serum urea and creatinine 
levels was recorded in serum of untreated diabetic 
group. Treatment with Alc. Ext and Eth. Ac. Ext of 
A. fragrantissima caused significant reduction in 
serum urea and creatinine levels. This results were 
in accordance with the results of Mandour [18] who 
studied the acute and long-term safety evaluation 
of A. fragrantissima consumption.

Meanwhile, concerning oxidative stress state, 
results of the present study elucidated that the 
induction of diabetes by HFD and low dose of STZ 
caused a significant elevation in hepatic MDA. 
These results were in agreement with the find-
ings of Zheng et al. [52] and Mohamed et al. [53]. 
A significant decrease in hepatic GPx and SOD sug-
gesting an increase in the surge of ROS produced 
by CYP2E1 which is an imperative cause of insulin 
resistance in diabetes and related non-alcoholic 
fatty liver [54]. Additionally, treatment with Alc. 
Ext and Eth. Ac. Ext induced significant reduction 
in hepatic MDA and significant elevation in GPx 
and SOD levels, predicting the retrieval of oxidative 
equilibrium state which can be correlated with the 
essential oil of Achillea species, as it can suppress 
the inflammatory responses of lipopolysaccharides 
(LPS)-stimulated RAW 264.7 macrophages. This 
improvement including decreased levels of cellular 
nitric oxide (NO) and superoxide anion production, 
lipid peroxidation, and glutathione (GSH) concen-
tration as existing monoterpenes are the most rep-
resentative metabolites [50].

Insulin resistance and adipose tissue hyperpla-
sia are considered as inflammatory status which 
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is accompanied with increased pro-inflammatory 
mediators and cytokines [9]. In the current study, 
a significant elevation in serum TNF-α and IL-6 
levels was recorded in untreated HFD-STZ diabetic 
group. Meanwhile, treatment with Alc. Ext and Eth. 
Ac. Ext of A. fragrantissima reverted these changes 
claiming that this plant extract possess an anti-in-
flammatory activity which have been attributed to 
its flavonoid content as well as highly oxygenated 
terpenoids [6,7]. These results came in agreement 
with another study reported other Achillea species 
has showed anti-inflammatory activities as they 
inhibit lipopolysaccharide-induced NO production 
in RAW264.7 macrophage cells [55].

Cardiovascular complications are known to be 
lethal consequences of T2DM [56]. In the current 
work, untreated diabetic group exhibited increased 
adhesion molecule attributed to increased phos-
pholipase activity due to increased vasoconstrictive 
eicosanoids. These results were consistent with 
Varga et al. [57]. However, treatment of HFD-STZ 
induced diabetic rats by Alc. Ext and Eth. Ac. Ext 
caused reduction in sICAM-1 and sVCAM-1 values, 
suggesting that this plant extracts could have coun-
teracted to some extent the cardiovascular reper-
cussion evolved due to metabolic disorder.

Regarding histopathological examination, 
HFD-STZ diabetic pancreatic tissue sections 
showed degeneration and atrophy in the islets of 
Langerhans cells and β-cells accompanied with 
congestion in the blood vessels. These observations 
were in agreement with the findings of Ding et al. 
[58]. Meanwhile, treatment with alcoholic extract of 
A. fragrantissima and combination drugs of gliben-
clamide and fenofibrate caused moderate improve-
ment, while treatment with Eth. Ac. Ext caused 
remarkable amelioration. Moreover, examination 
of liver tissue showed that HFD-STZ untreated dia-
betic group suffered severe dilatation and conges-
tion of portal and central vein as well as showing 
mild fibrosis in the portal area which was clearly 
observed in slides stained by Masson’strichome 
accompanied with loss of the hepatic lobular archi-
tecture. These findings were in agreement with the 
results of Shalaby et al. [48]. Furthermore, treat-
ment by A. fragrantissima Alc. Ext and Eth. Ac. Ext 
caused reverting of some of these changes. Also, 
the histopathological examination of untreated dia-
betic kidney tissue showed degeneration in lining 
epithelium in some of cortical tubules and necrosis 
with congestion in the glomeruli accompanied with 
hemorrhage in the corticomedullary portion. This 
observation was in harmony with observations of 

Suman et al. [59]. However, treatment with alco-
holic and ethyl acetate extracts of A. fragrantissima 
showed minor degeneration in epithelium of some 
cortical tubules in alcoholic extract group and even 
a nearly similar to normal renal architecture in Eth. 
Ac. Ext treated rats.

Conclusion

Results of current study suggest that Alc. Ext and 
Eth. Ac. Ext of A. fragrantissima showed a very 
promising anti-diabetic, hypolipidemic, anti-in-
flammatory, and antioxidant activity. Both extracts 
reduced and may even diminished most of the 
changes deduced through simulation of T2DM and 
metabolic syndrome pathological condition which 
exhibited altered blood glucose level, serum lipid 
profile, liver, and kidney functions parameters as 
well as inflammatory, oxidative stress, and vasocon-
striction biomarkers. These findings were in agree-
ment with the results of histopathological examina-
tions of pancreas, liver, and kidney tissues. These 
findings have confirmed the traditional uses of the 
plant under investigation. However, further clinical 
investigations should be carried out to encourage 
using A. fragrantissima as a candidate nutraceutical 
for ameliorating metabolic disturbances associated 
with diabetes.
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