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Introduction
Hyperlipidemia is one of the major health problems 
because of the close correlation between cardiovascular 
diseases and lipid abnormalities [1]. Hyperglycemia 
results from abnormalities in insulin secretion and/or 
insulin action, both caused by impaired metabolism 
of glucose, lipids, and protein [2]. In hyperglycemic 
patients, impaired carbohydrates accelerate lipolysis, 
resulting in hyperlipidemia. Renal function tests 
(levels of creatinine and urea in the serum) are 
usually performed in hyperlipidemic–hyperglycemic 
rats to demonstrate the presence and/or absence of 
active lesion in the kidney, as well as to assess the 
normal functioning capacity of diff erent parts of the 
functioning unit (nephron) [3]. Despite the presence 
of known antihyperglycemic pharmaceuticals, 

hyperglycemia and the related complications continue 
to be a major medical problem. Searching for new 
safe antihyperglycemic phytopharmaceuticals is still 
attractive [4,5].

Artemisia judaica L. and Chrysanthemum coronarium L. 
(Asteraceae) grow wildly in Tabuk region, northwestern 
part of Saudi Arabia. For many years, A. judaica and the 
edible C. coronarium have enjoyed a reputation among 
herb experts in Egypt and Saudi Arabia as traditional 
medicinal herbs. A. judaica, Artemisia campestris, and 
Artemisia herba-alba have been recommended for 
treatment of certain disorders [6,7]. In addition, the 
protective eff ect of Chrysanthemum morifolum on 
diabetic retinopathies in rats was reported [6]. It was, 
thus, deemed of interest to elucidate the ameliorative 
role of successive extracts (petroleum ether, ethyl 
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acetate, and methanol extracts) of each of A. judaica 
and C. coronarium on renal hyperlipidemic (fed a high 
fat diet) and hyperglycemic rats [induced by high fat 
diet and low doses of streptozotoci n (STZ)], through 
measuring kidney marker tests and histopathological 
examination and to investigate the phytoconstituents 
of the promising bioactive extract.

Materials and methods
Plant material
Th e aerial parts (leaves and stems) of A. judaica L. were 
collected from Jabal Al-Louz (Almond Mountain) and 
of C. coronarium L. from mountain region of Alkurr 
Wadi, Tabuk area, Saudi Arabia in Spring 2011. Th e 
two plants were identifi ed by Dr Amal M. Fakhri 
Abdelsalam, Plant Culture Biology Department, 
Tabuk University, Tabuk, Saudi Arabia. Voucher 
specimens are deposited in the herbarium, National 
Research Centre, Cairo (Egypt).

Animals
A total of 105 male Wister rats (8–12 weeks age, 
110–120 g weight) provided by the Animal House 
of the National Research Centre were housed in a 
temperature-controlled environment (26–29°C), with 
a fi xed light/dark cycle for 2 weeks to acclimatize; 
they were allowed free access to food and water ad 

libitum and randomly divided into seven groups of 15 
animals each. Th is study was approved by the Ethical 
Committee of the National Research Centre.

Chemicals and reference material
High analytical grade chemicals from Sigma-Aldrich 
(St Louis, Missour i, USA), Merck (Darmstadt, 
Germany ), BDH (Poole, UK), Riedel de Haën (Seelze, 
Germany), and Fluka (Buchs, Switzerland) were used. 
All solvents used for extraction and chromatographic 
separation were of analytical grade. Th e kits used 
were supplied by Biosystems (Barcelona, Spain) and 
Biodiagnostic Chemical Company (Giza, Egypt). 
Reference sterols and triterpenes were obtained from 
Merck.

Experimental design of bioactivity assays
Group 1 (normal control) received normal diet and water. 
Groups 2, 3, and 4 separately received orally normal 
diet with petroleum ether, ethyl acetate, and methanol 
extracts of C. coronarium, respectively. Groups  5,  6, 
and 7 separately received orally normal diet with 
petroleum ether, ethyl acetate, and methanol extracts 
of A. judaica, respectively. Group 8 [hyperlipidemia 
module associated with hyperglycemi a (the HL-HG 

group)] received orally a high fat diet, cholesterol at a 
dose of 30 mg/0.3 ml/animal a week for 4 weeks [8], 
and were injected with STZ (35 mg/kg) [9] at the end 
of 4 weeks. Groups 9–14, the HL-HG group, were 
treated orally with the successive extracts of each plant. 
Th ese extracts were separately, orally administered 
(500 mg/kg body weight) for 45  days  [10]. Th e 
treatments were initiated after 3 days of STZ-induced 
diabetic state (glucose≥250 mg/dl) daily for 45 
days. Group 15, the HL-HG group, received orally 
the standard antihyperlipidemic reference drug, 
fl uvastatin at a dose of 20 mg/kg/day [11], and the 
antihyperglycemic reference drug, glibenclamide 
at a dose of 5 mg/kg daily for 45 days [12]. After 4 
weeks of dietary manipulation of hyperlipidemic 
diet, the experimental rats were fasted overnight 
and intraperitoneally injected with freshly prepared 
solution of STZ. Serum glucose levels were estimated 
regularly every 3 days. Hyperglycemic rats were only 
considered for glucose level of at least 250 mg/dl. At 
the completion of the study, rats were fasted overnight, 
anesthetized with diethyl ether, and blood samples 
were collected. Serum was prepared by centrifugation 
and used for estimation of lipid profi le. Rats were then 
killed and the kidney was rapidly removed, washed in 
saline, dried on fi lter paper, weighed, and homogenized 
in phosphate buff er for further biochemical analyses, 
and for histopathological examination kidney was 
fi xed in 10% formalin solution.

Determination of kidney function tests
Creatinine was estimated by measuring the absorbance 
of the colored complex with picrate in an alkaline 
medium at 520 nm [13].

Total urea was measured colorimetrically (530–560 
nm) applying the Berthelot reaction [14].

Kidney marker enzyme glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was determined by enzyme-
linked immunosorbent assay k it.

Oxidant–antioxidant status in kidney
It was assessed in the serum by determination 
of glutathio ne (GSH) (Biodiagnostic kits, Giza, 
Egypt)  [15], lipid peroxide (malondialdehy de; 
MDA) [15], and nitric oxide (NO) [16].

Histopathological analysis
Kidney slices were fi xed in 10% paraformaldehyde and 
embedded in paraffi  n wax blocks. Sections (5 m thick) 
were stained with hematoxylin and eosin (H&E) and 
examined under light microscope for determination of 
pathological changes [1 7].
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DPPH radical scavenging activity
  Th e antioxidant scavenging activity of serial 
concentrations of each ethyl acetate extract 
(10–1000  μg/ml) on 1,1-diphenyl-2-picrylhydrazyl 
(DPPH) free radical was carried out [18,19]. Th e 
decrease in optical density of DPPH was calculated 
with respect to control as follows:

Statistical analysis
Statistical analysis was carried out by one-way analysis 
of variance and Costat computer program (Cohort 
Software, Berkeley, CA) coupled with post-hoc (least 
signifi cance diff erence). Unshared letters indicate 
signifi cant correlation at P value of 0.05 or less.

Phytochemical investigation
Chromatographic techniques

Th in layer chromatograp hy (TLC) was carried out on 
Silica gel 60 F

254
-precoated aluminium plates (0.2 mm; 

Merck), and Whatman 1 mm sheets were used for 
paper chromatography (PC). Solvent systems – S

1
, 

benz ene/EtOAc (9.5 : 0.5); S
2
, (8.5 : 1.5); and S

3
, 

Et OAc/M eOH/ H
2
O/HOAc (16 : 2 : 0.5 : 0.5) – were 

used for TLC, whereas S
4 
, n-BuOH/HOAc/H

2
O 

(4 : 1 : 5, top layer), and S
5
, 15% aqueous HOAc, were 

used for PC. Spray reagents used were: R
1
, sulphuric 

acid/methanol (30%), followed by heating at 105°C for 
1–2 min for terpenes and sterol and R

2
, 1 g powder 

of AlCl
3
 in 100 ml of ethanol, for fl avonoids. Column 

chromatography (CC) was carried out using silica gel 
(Si) 60 (E. Merck) and Sepha dex LH-20 (Pharmacia 
Fine Chemicals AB, Uppsala, Sweden).

Apparatus

Electrothermal digital and Gallenkamp electrothermal 
melting point apparatus were used. UV–vis spectra were 
recorded on spectrophotometer model UV-240 (Shimadzu 
Corporation, Tokyo, Japan). EI-MS spectra were recorded 
on a Finni  gan MAT 95 spectrometer (70 eV) (Finnigan 
MAT, San Jose, California, USA). NMR spectra were 
recorded at 300 (1H) and 75 ( 13C) MHz on Varian Mercury 
300 (Varian, West Sussex, UK) spectrometer; δ values are 
reported as ppm relativ e to TMS in the convenient solvent 
and coupling constants J in Hz.

Extraction, fractionation, and isolation

Th e air-dried powdered aerial part of A. judaica L. and C. 
coronarium, 2.3 kg each, was individually, successively, and 
exhaustively extracted in Soxhlet extractor using solvents 
of increasing polarity in the following order: petroleum 
ether (40–60°C), ethyl acetate followed by methanol. Th e 
extracts were evaporated to dryness under vacuum. Th e 

solvent-free extractives of A. judaica (8.29, 60.44, and 
25.93 g; yield 0.39, 2.63, and 1.12%, respectively) and of 
C. coronarium (25.44, 26.22, and 58.19 g; yield 2.28, 1.14, 
and 2.53%, respectively) were obtained.

Th e promising bioactive ethyl acetate extract of A. 
judaica was subjected to Si CC (5 × 120 cm, 650 g) with 
a gradient of ethyl acetate in n-hexane to give six main 
fractions (I–VI). Fraction I eluted with n-hexane/ethyl 
acetate (9 : 1) gave a white crystalline precipitate, which 
was recrystallized from methanol to yield compound 1 
(27 mg). Fraction II (28.0 g) eluted with n-hexane/ethyl 
acetate (9 : 2) was rechromatographed on Si CC (400 g) 
and eluted with petroleum ether (40–60°C) followed by 
increasing proportions of toluene. Subfractions 7–18, 
eluted with petroleum ether/toluene (9 : 2), were further 
purifi ed on Si CC, using the same eluent to aff ord 
compound 2 (14 mg). Subfractions 22–37, eluted with 
petroleum ether/toluene (7 : 3), gave pure compound 3 
(5 mg) by crystallization in methanol. Fra ction III, eluted 
with n-hexane/ethyl acetate (9 : 3), was resubjected to Si 
CC using the same eluent to aff ord compound 8 (18 mg) 
and compound 9 (22 mg). Fraction IV, eluted with 
n-hexane/ethyl acetate (9 : 4), was rechromatographed 
using petroleum ether/CH

2
Cl

2
 to aff ord compound 4 

(22 mg). Fraction V, eluted with n-hexane/ethyl acetate 
(1 : 1), yielded compound 5 (35 mg) on recrystallization 
from methanol. Fraction VI, eluted with ethyl acetate 
only, was rechromatographed on Si columns using 
CH

2
Cl

2
/methanol (8 : 2) as eluent and further purifi ed 

on Sephadex LH-20 (methanol as eluent) to give 
compounds 6 (20 mg) and 7 (11 mg). Th e purity of 
compounds was checked by comparative TLC and/or 
PC. Spots of fl avonoids were visualized under UV light 
at 365 nm before and after exposure to ammonia vapor 
and detected by UV fl uorescence after spraying with R

2
. 

Terpenes and sterol were visualized by R
1
.

Th e spectral data of the isolated compounds were 
illustrated as the following:

Compound 1: white crystals; m.p.: 174–176°C; R
f
: 

0.52 (S
1
); C

15
H

20
O

4
; UV spectral data: λ

max
 (MeOH): 

216 nm; MS: m/z (100%): 264 (M+, 20.09); 1 H NMR 
(CD

3
OD, 300 MHz): δ ppm 6.64 (1H, d, J = 10.2 Hz, 

H-3), 5.80 (1H, d, J = 10.2 Hz, H-2), 4.39 (1H, dd, 
J = 10.2, 11.2 Hz, H-6), 2.48 (1H, d, J = 11.2 Hz, H-5), 
2.50 (1H, q, J = 6.8 Hz, H-11), 1.93 (2H, m, H-8α, 
H-9β), 1.70 (1H, m, H-7), 1.60 (2H, m, H-8β, H-9α), 
1.5  1 (3H, s, CH

3
-15), 1.2 6 (3H, s, CH

3
-14), 1.20 (3H, 

d,  J = 6.8 Hz, CH
3
-13); 13C NMR (CD

3
OD, 75 MHz): 

δ ppm 204.6 (C-1), 181.9 (C-12), 155.1 (C-3), 125.0 
(C-2), 80.5 (C-6), 71.0 (C-4), 55.5 (C-5), 54.1 C-7), 
47.4 (C-10), 41.8 (C-11), 35.7 (C-9), 23.6 (CH

3
-15), 

23.4 (C-8), 20.6 (CH
3
-14), 12.6 (CH

3
-13).
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Compound 2: colorless needles; m.p.: 302–305°C; R
f
: 

0.94 (S
2
), C

32
H

52
O

2
; 1H NMR (CDCl

3
, 300 MHz): 

δ ppm 5.31 (1H, m, H-14), 4.49 (1H, m, H-3), 2.01  
(3H,  s, 3β OAc), 1 .07 (3H, s, CH

3
-26), 0 .95 (6H, s, 

CH
3
-25/30), 0 .93 (3H, s, CH

3
-29), 0 .91 (3H, s, CH

3
-

27), 0 .87 (6H, s, CH
3
-23/24), 0 .83 (3H, s, CH

3
-28); 13C 

NMR (CDCl
3
, 75 MHz): δ ppm  171.4 (CH

3
 COO-), 

158.1 (C-14), 116.9 (C-15), 81.4 (C-3), 55.3 (C-5), 
49.0 (C-9), 48.5 (C-18), 41.0 (C-19), 39.1 (C-8), 38.1 
(C-1), 38.0 (C-13), 37.9 (C-4), 37.8 (C-10), 37.7 
(C-22), 36.9 (C-12), 36.2 (C-17), 35.2 (C-21), 33.5 
( C-16), 32.6 (CH

3
-30), 33.4 (C-7), 29.5 (C-27/28), 

28.8 (C-20), 28.0 (CH
3
-23), 26.2 (CH

3
-26), 23.9 

(C-2), 22.4 (CH 
3
-29), 20.9 (CH

3
COO-), 18.4 (C-6), 

18.0 ( C-11), 16.5 (CH
3
-24), 15.7 (CH

3
-25).

Compound 3: white crystalline needles; mixed m.p.: 
196–197°C; R

f
: 0.79 (S

1
).

Compound 4: white crystalline needles; m.p.: 211–
212°C; R

f
: 0.84 (S

2
); C

30
H

50
O, UV spectral data: λ

max
 

(  MeOH): 210 nm; EIMS: m/z (%): 426 (M+, 43.3), 411 
(M+–CH

3
, 10.0), 218 (38.3), 207 (55.0), 203 (30.1), 189 

(60.0), 177 (10.2), 121 (68.1), 95 (100), 69.0 (94.7); 1H 
NMR (CDCl

3
, 300 MHz): 4.70 and 4.5 4 (each 1H, m, 

CH
2
-29), 3.24 (1H, dd, H-3), 2.42 (1H, m, H-19α), 

1.94 (1H, m, H-21β), 1.71 (3H, s, CH
3
-30), 1.44 (1H, 

m, H-21β), 1.02 (3H, s, CH
3
-26), 0.97 (3H, s, CH

3
-23), 

0.96 (3H, s, CH
3
-27), 0.92 (3H, s, CH

3
-25), 0.88 (3H, 

s, CH
3
-28), 0.84 (3H, s, CH

3
-24); 13C NMR (CDCl

3
, 

75 MHz): 150.8 (C-20), 109.0 (C-29), 79.4 (C-3), 
55.2 (C-5), 50.1 (C-9), 48.2 (C-18), 47.9 (C-19), 
42.8 (C-17), 42.7 (C-14), 41.3 (C-8), 40.4 (C-22), 
38.9 (C-4), 38.7 (C-1), 38.0 (C-13), 37.4 (C-10), 35.9 
(C-16), 34.2 (C-7), 29.7 (C-21), 27.6 (CH

3
-23), 27.4 

(C-2/5), 25.1 (C-12), 21.4 (C-11), 19.2 (CH
3
-30), 

18.2 (C-6), 17.7 (CH
3
-28), 16.4 (2CH

3
-25/26), 15.1 

(CH
3
-24), 14.2 (CH

3
-27).

Compound 5: white crystals; m.p.: 136–137°C; R
f
: 

0.53 (S
2
); C

29
H

50
O; MS m/z (100%): 414 [M+, 49.5], 

415 [M++H, 100], 399 [M+−OH, 32.4], 397 [M+−
OH], 36.9], 330 (44.9), 302 (20.4), 273 (13.9), 255 
(53.4), 231 (39.2), 312 (30.9); 1H NMR (CDCl

3
, 300 

MHz): δ ppm 5.35 (1H, d, J = 5.4 Hz, H-6), 3.52 (m, 
H-3); 13C NMR (CDCl

3
, 75 MHz): δ ppm 140.6 (C-

5), 121.7 (C-6), 71.5 (C-3), 56.7 (C-14), 56.4 (C-17), 
50.4 (C-9), 46.1 (C-24), 42.0 (C-4/13), 39.9 (C-12), 
37.4 (C-1), 36.7 (C-10), 36.4 (C-20), 34.4 (C-22), 
32.1 (C-7/8), 31.9 (C-2), 29.4 (C-25), 28.0 (C-16), 
26.4 (C-23), 24.0 (C-15), 23.4 (C-28), 21.3 (C-11), 
20 .2 (CH

3
-26), 19.8 (CH

3
-19), 19 .4 (CH

3
-27), 19.1 

(CH
3
-21), 12 .1 (CH

3
-29), 12.0 (CH

3
-18).

Compound 6: yellow powder; m.p.: 258–259°C; R
f
: 

0.89 (S
4
); C

16
H

12
O

6
; UV spectral data: λ

max
 (MeOH ): 

246, 268, 350, (+NaOMe): 265, 327, 412, (+AlCl
3
): 

277, 300 , 363, 391, (+AlCl
3
+HCl): 255. 5, 272, 300, 

354, (+NaOAc): 2 72, 357.5, (+ NaOAc+H
3
BO

3
): 276, 

348 nm. MS m/z (100%): 300 [M+, 100], 301 [M++H, 
33.4], 153 [A

1
+H, 27.2], 152 [A

1
+, 7.2], 151,  [B

1
+, 7.5]; 

1H NMR (DMSO-d
6
, 300 MHz):  δ ppm 12.95 (1H, 

s, OH-5), 7.56 (1H, d, J = 2.1 Hz, H-2′), 7.55 (1H, 
dd, J = 2.1, 5.4 Hz, H-6′), 6.95 (1H, d, J = 5.4 Hz, 
H-5′), 6.89 (1H, s, H-3), 6.57 (1H, d, J = 2.1 Hz, H-8), 
6.22 (1H, d, J = 2.1 H z, H-6), 3.89 (3H, s, OCH

3
-3); 

13C NMR (DMSO-d
6
, 75 MHz): δ ppm 181.7 (C-4), 

164.0 (C-7), 163.6 (C-2), 161.4 (C-5), 157.3 (C-9), 
150.7 (C-4′), 148.1 (C-3′), 121.5 (C-1′), 120.4 (C-6′), 
115.7 (C-5′), 110.2 (C-2′), 104.4 (C-3), 103.5 (C-10), 
98.8 (C-6), 94.1 (C-8), 56.3 (OCH

3
-3′).

Compound 7: yellow powder; m.p.: 174–176°C; R
f
: 

0.22 (S
4
); C

15
H

24
O

6
; UV λ

max
 (MeOH): 255, 270sh, 

350, (+NaOMe): 266, 405 (+AlCl
3
): 273, 300sh, 392, 

(+AlCl
3
+HCl): 273, 298sh, 385, (+NaOAc): 268, 364, 

(+NaOAc+H
3
BO

3
): 268, 367 nm. MS m/z (100%): 

300 [M+, 100], 287 (14), 260 (22), 218 (10), 148 (7), 86 
(25), 63 (8); 1H NMR (DMSO-d

6
, 300 MHz): δ ppm 

aglycone: 7.48 (1H, dd J = 8.1, 2.0 Hz, H-6′), 7.44 (1H, 
d, J = 2.0 Hz, H-2′), 6.88 (1H, d, J = 8.1 Hz, H-5′), 6.73 
(1H, s, H-3), 6.76 (1H, d, J = 2.0 Hz, H-8), 6.47 (1H, 
d, J = 2.0 Hz, H-6), 3.92 (3H, s, OCH

3
-3), glucose 

moiety 5.13 (1H, d, J = 6.9 Hz, H-1′).

Compound 8: yellow crystals; m.p.: 197–198°C; R
f
: 

0.57 (S
3
), C

18
H

16
O

7
; UV spectral data: λ

max
 (MeOH): 

214, 227, 344; (+NaOMe): 212, 234, 298, 400 nm; 1H 
NMR  (CDCl

3
, 300 MHz): δ ppm 9.50 (OH-3′), 7.60 

(1H, dd, J = 8.6, 2.3 Hz, H-6′), 7.58 (1H, d, J = 2.3 
Hz, H-2′), 7.10 (1H, d, J = 8.6 Hz, H-5′), 6.92 (1H, 
s, H-8),  6.82 (1H, s, H-3), 3. 94 (3H, s, OCH

3
-7), 3.8 8 

(3H, s, OCH
3
-4′), 3.74 (3H, s, OCH

3
-6);13C NMR 

(CDCl
3
, 75 MHz): δ ppm 182.2 (C-4), 163.9 (C-2), 

158.7 (C-7), 152.6 (C-9), 152.2 (C-4′), 152.1 (C-5), 
146.8 (C-3′), 131.9 (C-6), 123.0 (C-1′), 118.8 (C-6′), 
113.1 (C-2′), 112.1 (C-5′), 105.1 (C-10), 103.4 (C-
3), 91.6 (C-8), 60.0 (OCH

3
-6), 56.4 (OCH

3
-7), 55.8 

(OCH
3
-4′).

Compound 9: yellow crystals; m.p.: 147°C; R
f
: 0.68 (S

3
); 

C
20

H
20

O
8
; UV spectral data: λ

max
 (MeOH): 253, 275, 

342; (+NaOMe): 253sh, 291, 332, 393sh; (+AlCl
3
): 263, 

283sh, 297sh, 372; (+AlCl
3
+HCl): 261, 284, 359, 402sh; 

(+NaOAc): 254, 273, 343; (+NaOAc+H
3
BO

3
): 255, 273, 

344 nm; EIMS: m/z (%): 388 (M+, 100), 373 (64), 345 
(13), 343 (16), 315 (8), 197 (4), 165 (39), 69 (62), 57 
(64); 1H NMR (CDCl

3
, 300 MHz): δ ppm 7.72 (1H, 

dd, J = 8.5, 2.1 Hz, H-6′), 7.67 (1H, d, J = 2.1 Hz, H-2′), 
6.97 (1H, d, J = 8.5 Hz, H-5′), 6.49 (1H, s, H-8), 3.96 
(3H, s, OCH

3
-3′), 3.96 (3H, s, OCH

3
-4′), 3.95 (3H, s, 

OCH
3
-7), 3.91 (3H, s, OCH

3
-6), 3.85 (3H, s, OCH

3
-
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3); 13C NMR (CDCl
3
, 75 MHz): δ ppm 178.9 (C-4), 

158.8 (C-7), 155.8 (C-2), 152.8 (C-9), 152.3 (C-5), 

151.4 (C-4′), 148.9 (C-3′), 138.9 (C-3), 132.4 (C-6), 

123.8 (C-1′), 122.2 (C-6′), 111.5 (C-5′), 110.0 (C-2′), 
105.7 (C-10), 90.4 (C-8), 60.8 (OCH

3
-3), 60.1 (OCH

3
-

6), 56.3 (OCH
3
-7), 56.2 (OCH

3
-4′), 56.0 (OCH

3
-3′).

Results

Determination of kidney function tests

Th e results demonstrated insignifi cant change in serum 

total urea, creatinine, and GAPDH in normal treated 

rats with successive extracts of each of C. coronarium 

and A. judaica (Table 1). In contrast, hyperlipidemic–

hyperglycemic rats showed signifi cant elevation in total 

urea and creatinine, whereas kidney marker enzyme 
GAPDH was signifi cantly decreased. Treatment of 
hyperlipidemic–hyperglycemic rats with the successive 
extracts of C. coronarium showed insignifi cant change in 
total urea and creatinine with levels nearly reaching control 
and lesser degree of improvement in GAPDH compared 
with control. Furthermore, marked improvement was 
noticed in total urea, creatinine, and GAPDH levels as 
a result of treatment of hyperlipidemic–hyperglycemic 
rats with all extracts of A. judaica, with percent reaching 
271.32, 354.50, and 47.45%, respectively, for petroleum 
ether, 273.65, 355.45, and 49.10%, respectively, for ethyl 
acetate, and 264.35, 336.36, and 26.56%, respectively, for 
methanol successive extract.

Oxidant — antioxidant status in kidney
Results in Table 2 indicate insignifi cant change 
in the kidne y oxidative stress markers – MDA, 
GSH, and NO levels – in normal rats treated with 
the successive extracts of both A. judaica and C. 

coronarium as compared with the normal control group. 
Hyperlipidemic–hyperglycemic rats showed signifi cant 
depletion in GSH, with signifi cant increase in kidney 
MDA and NO as compared with the normal control 
group. Treatment of hyperlipidemic–hyperglycemic 
rats with successive extracts of both A. judaica and C. 

coronarium showed more pronounced amelioration in 
the mentioned antioxidant parameters than fl uvastatin 
and glibenclamide standard drugs.

Histopathological examination
Th is examination of normal rat kidney showed normal 
cell structure and normal orientation of nephrons 
with adequate glomeruli and well-spaced tubules and 
no infl ammation, no necrosis, no congestion, with 
well-presented cytoplasm (Fig. 1). Light microscopy 
of the renal cortex and medulla of hyperlipidemic–

Table 1 The level of creatinine, total urea, and kidney 
marker enzyme, glyceraldehyde-3-phosphate dehydrogenase 
enzyme, activity in normal and different therapeutic groups

Group Parameters

Creatinine 
(mg/dl)

Total urea 
(mg/dl)

GAPDH 
(ng/ml)

Negative control 1.10 ± 0.09a 43.23 ± 2.96a 8.07 ± 0.14a

PE extract of 
A. judaica

1.10 ± 0.09a 38.01 ± 1.76a 8.19 ± 0.16a

EA extract of 
A. judaica

0.70 ± 0.01a 31.22 ± 2.88a 8.22 ± 0.19a

M extract of 
A. judaica

0.80 ± 0.01a 34.24 ± 4.00a 8.00 ± 0.11a

PE extract of 
C. coronarium

0.72 ± 0.02a 31.10 ± 2.45a 8.10 ± 0.15a

EA extract of 
C. coronarium

0.70 ± 0.01a 34.34 ± 2.78a 8.04 ± 0.13a

M extract of 
C. coronarium

1.00 ± 0.05a 36.04 ± 0.88a 8.00 ± 0.13a

Positive control 
(HL-HG rats)

4.80 ± 0.09b 145.67 ± 5.90c 3.89 ± 0.67d

HL-HG+PE extract 
of A. judaica

0.90 ± 0.10a 29.00 ± 0.02a 7.72 ± 0.72 a

HL-HG+EA extract 
of A. judaica

1.10 ± 0.02a 32.40 ± 2.00a 6.92 ± 0.14a

HL-HG+M extract 
of A. judaica

0.89 ± 0.02a 28.31 ± 1.87a 7.85 ± 0.40a

HL-HG+PE extract 
of C. coronarium

0.93 ± 0.15a 37.66 ± 2.51a 7.05 ± 0.40a

HL-HG+EA extract 
of C. coronarium

0.96 ± 0.05a 34.22 ± 1.00a 5.12 ± 0.02e

HL-HG+M extract 
of C. coronarium

0.96 ± 0.05a 31.11 ± 10a 6.98 ± 0.13a

HL-HG+fl uvastatin 1.00 ± 0.04a 37.33 ± 3.10a 7.10 ± 0.90a

HL-
HG+glibenclamide

1.13 ± 0.06a 33.00 ± 1.90a 6.87 ± 1.10a

Data are expressed as mean ± SD of 10 rats in each group. 
A. judaica, Artemisia judaica; C. coronarium, Chrysanthemum 
coronarium; EA, ethyl acetate; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase; HL-HG, hyperlipidemic–hyperglycemic; 
M, methanol; PE, petroleum ether. Statistical analysis was carried 
out by one-way analysis of variance, and Costat computer program 
coupled with post-hoc (least signifi cance); Unshared letters indicate 
signifi cant differences at P ≤ 0.05.

Normal control kidney section showing norm al orientation of nephrons 
with adequate glomeruli and well-spaced tubules (H&E, × 100).

Figure 1
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hyperglycemic rats revealed lesion and showed tubular 
necrosis, atrophy, dilatation, moderate interstitial 
edema, and interstitial infl ammatory cell infi ltrates. 
Glomeruli showed moderate proliferation of mesangial 
cells and matrix of glomeruli and hyaline thickening of 
some arteriole (Fig. 2a and b).

Th e histological examination of all successive extracts 
of A. judaica-treated hyperlipidemic–hyperglycemic 
rats showed no mesangial cells and matrix of glomeruli. 
Mild/negative tubular dilatation atrophy, focal 
interstitial edema, and mild interstitial infl ammatory 
cell infi ltrate were also seen (Figs 3–5, respectively).

In addition, all successive extracts of C. coronarium-

treated hyperlipidemic–hyperglycemic rats showed 
histopathological observation characterized by mild/
negative tubular atrophy, dilatation, interstitial edema, 
and interstitial infl ammatory cell infi ltrates. However, 
glomeruli showed focal proliferation of mesangial cells, 
matrix of glomeruli, and hyaline thickening of some 
arteriole (Figs 6–8, respectively).

DPPH radical scavenging activity
Th e DPPH free radical scavenging eff ects of each 
plant ethyl acetate extract is shown in Fig. 9. 
Th e tested extracts show appreciable free radical 
scavenging activities. A. judaica crude extract exhibited 
stronger radical scavenging activity than C. coronarium 
at diff erent concentrations in a dose-dependent 
relationship; the activity increased as the concentration 
of tested plants extract increased. A. judaica and C. 
coronarium crude extracts were able to reduce the 

Figure 3

PE successive extract of Artemisia judaica-treated hyperlipidemic–
hyperglycemic rats showed no mesangial cells and matrix of glo meruli 
(red arrow) and tubular dilatation (blue arrow) (H&E, × 200). PE, 
petroleum ether.

Figure 2

(a) The hyperlipidemic–hyperglycemic group showed proliferation of 
mesangial cells and matrix of glomeruli (red arrow); tubular atrophy 
(yellow arrow); and tubular dilatation (blue arrow) (H&E, × 200). 
(b) The hyperlipidemic–hyperglycemic group showed proliferation of 
mesangial cells and matrix of glomeruli (red arro w); thickened arteriole 
(yellow arrow); and tubular dilatation (blue arrow) (H&E, × 200).

a

b

Table 2 Glutathione concentration, lipid peroxide and nitric 
oxide levels in normal, hyperlipidemic–hyperglycemic and 
treated groups

Groups Parameters

GSH 
(mg/g tissue)

NO 
(μmol/g tissue)

LPO 
(nmol/g tissue)

Negative controls 0.53 ± 0.09a 18.16 ± 4.55c 7.09 ± 1.54b

PE extract of A. 
judaica

0.58 ± 0.07a 16.99 ± 2.97c 6.16 ± 1.12b

EA extract of A. 
judaica

0.54 ± 0.02a 20.11 ± 5.23c 6.98 ± 0.80b

M extract of A. 
judaica

0.59 ± 0.06a 18.00 ± 2.14c 6.13 ± 0.94b

PE extract of C. 
coronarium

0.50 ± 0.05a 14.39 ± 3.47c 6.36 ± 1.35b

EA extract of C. 
coronarium

0.55 ± 0.04a 20.48 ± 6.82c 6.18 ± 0.86b

M extract of C. 
coronarium

0.59 ± 0.03a 18.00 ± 3.15c 7.00 ± 1.00b

Positive control 
(HL-HG rats)

0.19 ± 0.02d 74.24 ± 6.92f 18.17 ± 0.96e

HL-HG+PE extract 
of A. judaica

0.57 ± 0.03a 22.13 ± 2.54c 8.90 ± 1.10b

HL-HG+EA extract 
of A. judaica

0.50 ± 0.02a 25.16 ± 3.50c 9.20 ± 0.56b

HL-HG+M extract 
of A. judaica

0.59 ± 0.10a 17.15 ± 3.14c 7.06 ± 0.42b

HL-HG+PE extract 
of C. coronarium

0.54 ± 0.08a 24.23 ± 6.94c 8.71 ± 1.27b

HL-HG+EA extract 
of C. coronarium

0.58 ± 0.12a 27.26 ± 4.55c 9.08 ± 0.49b

HL-HG+M extract 
of C. coronarium

0.49 ± 0.01a 18.17 ± 4.54c 8.86 ± 0.72b

HL-HG+fl uvastatin 0.40 ± 0.01a 27.26 ± 4.55c 9.08 ± 0.49b

HL-
HG+glibenclamide

0.37 ± 0.02a 31.81 ± 4.54c 9.42 ± 0.52b

Data are expressed as mean ± SD of 10 rats in each group. 
A. judaica, Artemisia judaica; C. coronarium, Chrysanthemum 
coronarium; EA, ethyl acetate; GSH, glutathione; 
HL-HG, hyperlipidemic–hyperglycemic; LPO, lipid peroxide; 
M, methanol; NO, lipid peroxide; PE, petroleum ether. Statistical 
analysis was carried out by one-way analysis of variance, and 
Costat computer program coupled with post-hoc (least signifi cance); 
Unshared letters indicate signifi cant differences at P ≤ 0.05.
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Figure 4

EA extract of Artemisia judaica-treated hyperlipidemic — hyperglycemic 
rats showed focal proliferation of mesangial cells and matrix of 
glomeruli (red arrow); thickened arte riole (yellow arrow); and tubular 
dilatation (blue arrow) (H&E, × 200). EA, ethyl acetate.

Figure 5

M extract of Artemisia judaica-treated hyperlipidemic — hyperglycemic 
rats showed focal proliferation of mesangial cells and matrix of 
glomeruli (red arrow); thickene d arteriole (yellow arrow); and tubular 
dilatation (blue arrow) (H&E, × 200). M, methanol.

Figure 6

(a) PE extract of Chrysanthemum coronarium-treated hyperlipidemic–
hyperglycemic rats showed focal proliferation of mesangial cells and 
matrix of glomeruli (red arrow); thickened arteriole (yellow arrow); 
and tubular dilatation (blue arrow) (H&E, × 200). (b) PE extract of C. 
coronarium-treated rats showed normal mesangial cells and matrix 
of glomeruli (red arrow); focal thickened arter iole (yellow arrow); and 
tubular dilatation (blue arrow) (H&E, × 200). PE, petroleum ether.

a

b

Figure 7

EA extract of Chrysanthemum coronarium-treated hyperlipidemic–
hyperglycemic rats showed focal proliferation of mesangial cells and 
matrix of glomeruli (red arrow); thickened ar teriole (yellow arrow); 
and tubular dilatation (blue arrow) (H&E, × 200). EA, ethyl acetate.

stable radical DPPH to the yellow color 1,1-diphenyl-
2-picrylhydrazyl to give signifi cant inhibitory percent 
48.70 ± 0.80, 65.56 ± 0.57, 68.49 ± 0.89, 79.52 ± 0.59, 
and 82.89 ± 0.90% at concentration of inhibitor 10, 
50, 100, 500, and 1000 μg/ml, respectively, for A. 
judaica crude extract. However, C. coronarium crude 
extract showed reducing inhibitory power of DPPH 
amounted 29.41 ± 0.80, 46.50 ± 6.67, 64.78 ± 5.96, 
77.37 ± 6.17, and 80.78 ± 7.99% at the concentrations 
of extracts 10–1000 μg/ml, respectively. Th e dosage of 
extracts is expressed in μg of dry weight of the extract 
per ml of the assay mixture. DPPH is expressed as 
percentage. Data are represented as mean ± SD of 
three replicates.

Discussion
Th e antihyperglycemic eff ects of certain plants are 
attributed to their ability to restore the function of 
pancreatic tissues by causing an increase in insulin 
output or inhibiting the intestinal absorption of 
glucose or to facilitate metabolites in insulin-
dependent processes [20]. Certain bioactive fl avonoids 
and terpenes constituents are frequently implicated as 
having antihyperglycemic eff ect [8].

Th e present study indicated signifi cant increase 
in serum urea and creatinine, accompanied with 
signifi cant decrease in kidney marker enzyme GAPDH 
in hyperlipidemic–hyperglycemic rats. Increased 
concentrations of creatinine and total urea in blood 
during renal diseases or renal damage may be due to high 
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activities of xanthine oxidase, lipid peroxidation, and 
increased triacylglycerol and cholesterol levels, as well 
as impairment of the urea cycle enzyme activities [3]. 
As the retention of creatinine in blood is an evidence 
of kidney impairment [21,22], the reduced levels of 
creatinine in serum (Table 1) imply that both plant 
extracts had interfered with creatinine metabolism 
and its eventual excretion from blood. Th e signifi cant 
decrease in urea and creatinine may be explained on 
the basis of hypercholesterolemia in diabetic rats. 
One of the mechanisms that might be activated and 
hinder renal vascular function is oxidative stress [23]. 
It has been shown that rats consuming a high fat diet 
develop hyperlipidemia with elevations in renal lipid 
peroxidation products [24]. GAPDH is a key enzyme 
in glycolysis and is considered as the sensitive kidney 
function enzyme marker and was found to decrease in 
renal dysfunction [25].

Degradation of oxidized or oxidatively modifi ed 
proteins is an essential part of the  antioxidant defenses 
of cells. 4-Hydroxy-2-nonenal (HNE), a major reactive 
aldehyde formed by lipid peroxidation, causes many 
types of cellular damage [25]. HNE is considered to 
be the ultimate mediator of the toxic eff ects elicited 
by oxidative stress, as it is largely responsible for many 
types of cellular damage. HNE inactivates several 
enzymes, including GAPDH [25]. Binding of HNE to 
proteins can cause conformational changes and amino 
acid modifi cations, as well as the accumulation and 
aggregation of proteins causing cellular dysfunctions. 
Th e breakdown of such modifi ed proteins is an 
essential defense mechanism against oxidative stress in 
cells [2]. Th e amount of GAPDH and its localization 
signifi cantly aff ect the cell condition. Th us, GAPDH is 
considered as the sensitive enzyme marker catalyzing 

kidney function and was found to decrease in renal 
dysfunction [25]. Th erefore, it is easy to imagine that 
degradation of HNE-modifi ed GAPDH is crucial for 
the status of cells [26].

Hyperglycemia increased the generation of free 
radicals by glucose auto-oxidation and the increment 
of free radicals may lead to liver cell damage. Th e 
increase in oxygen free radicals in diabetic rats could 
be primarily due to the increase in blood glucose levels 
and secondarily due to the eff ect of the hyperglycemic 
agent, STZ [27]. Several plant constituents are known 
to reduce urea and creatinine levels as they usually 
increase in the serum of hyperglycemic rats [28].

Attention now is being focused on the increased 
oxygen consumption per nephron as a consistent tubule 
adaptation that occurs with nephron loss.

Hyperlipidemia–hyperglycemia state leads to the 
formation of free radicals. Too many reactive oxygen 
species and free radicals exhaust antioxidation 
factors, such as GSH and superoxide dismutase 
antioxidant enzyme, and shift the dynamic balance 
between oxidation and reduction. Oxidative stress 
can cause liver damage and lipid peroxidation and 
produce lots of intermediate products with reactivity 
and cytotoxicity that can lead to the necrosis or 
apoptosis of cells. Oxidative stress can also produce 
an infl ammatory reaction through cell injury, 
causing the infi ltration of the liver parenchyma by 
infl ammatory cells [29].

GSH plays critical role in the detoxifi cation process 
 against r eactive nitrogen species – for ex ample, NO, 
NO

2,
 and ONOO [30]. Oxidized glutathione (GSSG) 

is formed by the linking of two tripeptides by disulfi de 
bridge. Th e generation of GSSG takes place during 
the oxidation of GSH by glutathione peroxides to 
maintain the  suffi  cient level of GSH. Th e increased 

Figure 8

M extract of Chrysanthemum coronarium-treated hyperlipidemic–
hyperglycemic rats showed focal proliferation of mesangial cells and 
matrix of glomeruli (red arrow); thicke ned arteriole (yellow arrow); and 
tubular dilatation (blue arrow) (H&E, × 200). M, methanol.

Figure 9

Percentage of DPPH inhibition induced by crude extract o f Artemisia 
judaica L. and Chrysanthemum coronarium L. DDPH, 1,1-diphenyl-
2-picrylhydrazyl.
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oxidized GSH levels in hyperlipidemic–hyperglycemic 
rats can be attributed to spontaneous nonenzymatic 
GSH oxidation as has been suggested by Harrison [31]. 
Th ere is also increasing evidence to support the idea 
that the antioxidant activity of both plant successive 
extracts can play a very important role in the treatment 
of hyperlipidemia–hyperglycemia case in rats. Studies 
have shown that antioxidant therapy attenuates 
elevations in lipid peroxidation products [24]. Th e 
plant extracts may have reduced lipid peroxidation 
by acting as antioxidants, and hence aiding the 
endogenous antioxidant enzymes (such as superoxide 
dismutase, GSH peroxidase, and catalase) involved 
in the scavenging/inactivation of the reactive oxygen 
species or redox metal ions before lipid peroxidation 
takes place [32]. A. judaica and C. coronarium contain 
diff erent phenolic compounds known as its major 
antioxidants [33–35]. Kim et al. [36] suggested 
that the possible mechanism of antihyperglycemic 
action by aqueous extracts from C. coronarium could 
be related to antioxidants that aid to recover from 
impaired metabolism of glucose. Th e present results 
indicate that both A. judaica and C. coronarium crude 
extracts exhibited strong DPPH free radical inhibitory 
eff ect at a dose-dependent response relationship at 
concentration of inhibitors 10–1000 μg/ml. A. judaica 
showed promising DPPH scavenging activity than C. 

coronarium. Several Artemisia and Chrysanthemum 

spp. – A. herba-alba Asso, Artemisia vulgaris, Artemisia 

minor, Artemisia scoparia, Artemisia princeps, Artemisia 

asiatica, C. coronarium, and Chrysanthemum sinense 
contain bioactive phenolics. Th e phenolics, mainly 
fl avonoid constituents, generally play an important role 
in decreasing lipid peroxidation and oxidative stress of 
diseased animals [37]. Th e eff ect of A. campestris on 
renal impairment and oxidative stress in STZ-induced 
diabetic rats was reported [7]. Th e antioxidant and free 
radical scavenging activities of Artemisia gmelinii were 
found to relate to the phenolic compounds [33].

Total fl avonoids from Chrysanthemum morifolium 

suggested improving antioxidant defense system, 
reversing lipid peroxidation, and protecting brain, liver, 
and kidney against lead-induced oxidative damage 
signifi cantly [38].

In a recent study [35], we have investigated C. 

coronarium aerial parts for their phytochemical 
composition. Th is study revealed the isolation of three 
fl avone aglycones and three fl avonoid glycosides. 
Th e fl avonoid aglycones, 5,7-dihydroxy-3,6,4′-
trimethoxyfl avone and scutellarin-6,7-dimethyl 
ether, were isolated from ethyl acetate extract. In 
addition, a new fl avonoid glycoside, apigenin-7-
O-[2 ′′(6 ′′′-O-β-D-acetylglucopyranosyl)]-6′′-
O-acetylglucopyranoside, along with two known 

fl avonoid glycosides, apigenin-7-O-(2′′-O-β-D-
glucopyranosyl)-β-D-glucopyranoside and 6-methoxy 
qurecetin-7-O-β-D-glucopyranoside, were isolated 
from the methanol extract. Th ese compounds may be 
responsible for the hypolipidemic and hypoglycemic 
eff ect of C. coronarium.

Phytochemical investigation

Th e bioactive extract, ethyl acetate of A. judaica, was 
phytochemically investigated. One sesquiterpene 
lactone, vulgarin (1); three terpenoidal compounds, 
taraxerol acetate (2), β-amyrin (3), and lupeol (4); one 
sterol, β-sitosterol (5), in addition to a fl avone aglycone, 
lutoelin-3′-methyl ether (6), and its glycoside, luteolin 
3′-methyl ether-7-glucoside (7); two polymethoxy 
fl avones, luteolin-6,7,4′-trimethyl ether (8) and 
artemetin (9), were identifi ed. Characterization of 
these compounds (Fig. 10) was achieved through their 
physical, chemical, chromatographic, and spectral 
analyses (UV, MS, 1H NMR, and 13C NMR). Th e 
analytical data were in agreement with those reported 
in the literatures [39–42].

Chemical structures of the isolated compounds from Artemisia judaica 
aerial parts.

Figure 10



Renoprotective phytoconstituents hunting Abd-Alla et al. 55

UV spectral data compound 1 showed λ
max

 at δ 218 
nm, which referred to its sesquiterpene lactone nature. 
1H NMR showed doublet absorption at δ 6.64 and 
5.80 ppm, which related to H-3 and H-2, respectively, 
with J = 10.2 Hz. Proton at δ 2.48 ppm of H-5 
appeared as doublet with J = 11.2 Hz a nd proton H- 6 
at δ 4.39 appeared as dd (J = 10.2, 11.2 Hz). 1H-1H 
COSY showed H–H coupling between the following: 
(3, 2), (6, 5), (6, 7), (11, 13), and methylene cou pling 
(9β, 9α), (9β, 8β), (8β, 9α), (8α, 9β), (9α, 8α), and (8α, 
8β). HQMC showed 2J

C–H
 between secondary C and 

H. Th e compound was identifi ed as 4α-hydroxy-1-
oxo-5α,11β-H-eudesm-2-en-6α,12-olide (vulgarin). 
1H NMR spectrum of compound 2 showed eight 
sharp singlets at δ 1.07, 0.95 × 2, 0.93, 0.91, 0.87 
× 2, and 0.83 ppm assigned to the protons of tertiary 
methyl groups at C-26, C-25, C-30, C-29, C-27, 
C-23, C-24, and C-28, respectively. A sharp singlet 
at δ 2.01 ppm corresponding to the methyl of acetate 
group and a peak at δ 5.31 ppm assigned to H-14 
characteristic for the presence of a double bond at 
C-14 and C-15. 13C NMR showed 32 sharp signals; 
those appearing at δ 32.6, 29.5 × 2, 28.0, 26.2, 22.4, 
16.5, and 15.7 ppm were assigned to carbons of the 
methyl group at C-30, C-27, C-28, C-23, C-26, C-24, 
and C-25. A signal at δ 20.9 ppm was assigned to the 
methyl of the acetyl group and at δ 171.4 ppm for 
the carbonyl group of the acetyl radical. Compound 2 
was identifi ed as taraxerol acetate by comparison with 
published data [43,44]. Compound 3 was identifi ed as 
β-amyrin through m.p., mixed m.p., and comparative 
TLC with authentic sample [44]. 1H NMR spectrum 
of compound 4 showed seven sharp singlets at δ 1.71, 
1.02, 0.97, 0.96, 0.92, 0.88, and 0.84 ppm assigned to 
the protons of tertiary methyl groups at C-30, C-26, 
C-23, C-27, C-25, C-28, and C-24, respectively. Th e 
two multiplets at δ 4.70 and 4.54 ppm could be ascribed 
to a methylene group at C-29. Th e compound was 
identifi ed as lupeol confi rmed by cochromatography 
with authentic sample and comparison with published 
data [43,45]. Compound 5 showed doublet absorption 
at δ 5.35 ppm of H-6 referred to the presence of double 
bond at C-5 and C-6 by constant δ of J = 5.4 Hz. In 
addition, a multiplet at δ 3.52 ppm represented H-3 
surrounded by OH-β. 13C NMR showed the presence 
of 29 carbons, two of which have chemical shift at 
δ 140.76 (C-5) and 121.7 ppm (C-6), representing 
the double bond at position 5 and 6. In addition, 
absorption represented carbon attached by OH (C-3) 
at value δ 71.5 ppm. Th e compound was identifi ed 
as β-sitosterol [43]. Compounds 6–9 gave a positive 
ferric chloride test for phenolic hydroxyl groups and 
had UV absorption bands with maxima in the range 
of 240–285 and 300–550 nm, which agrees with the 
structure of fl avones derivative [39].

Flavonoidal compounds 6–8 were expected to be 
luteolin derivatives on the basis of their chromatographic 
properties. UV spectra in methanol gave characteristic 
band I (at λ

max
 342–350 nm) of luteolin nucleus. Th e 

absence of bathochromic shift in band II after addition 
of NaOAc spectrum indicated a substituted 7-OH 
group in the compounds 7–9 [39], whereas compound 
6 exhibited bathochromic shift (∼7.5 nm) indicating 
the presence of free 7-OH. Th e lack of bathochromic 
shift in NaOAc/H

3
BO

3
 spectrum for compounds 6–9 

indicates the absence of ortho dihydroxy groups at ring B. 
A bathochromic shift of band I and band II induced by 
AlCl

3
 and AlCl

3
/HCl indicated the existence of 5-OH 

for compounds 6–9, which also confi rmed the absence 
of ortho dihydroxy groups at ring B. Th e bathochromic 
shift induced in NaOMe spectrum for band II together 
with its increased intensity indicates the presence of 
5,7-dihydroxy groups observed in compound 6. For 
compounds 6 and 7, the NaOMe spectrum showed a 
bathoch romic shift without decrease in the intensity, 
which i ndicate to the presence of OH-4′ [39]. 1H 
NMR spectra of compounds 6–9 showed an ABX 
system at δ ∼7.72–7.44 ppm assigned for H-2′ and 
H-6′ and at ∼7.10–6.88 ppm for H-5′, characterizing 
a 3′,4′-disubstituted B-ring. In addition, a singlet at 
∼6.13–6.89 ppm was assigned for H-3 indicating the 
aglycone moiety in compound luteolin for compounds 
6–8 [40,46]. Compound 7 showed two doublets (J = 2.1 
Hz) each integrated to one proton of an AX system of 
H-6 and H-8. Th e downfi eld of H-6 and H-8 (∼+Δ0.2) 
in the spectrum of 7 relative to those of 6, along with 
one β-anomeric proton signal at doublet 5.13 ppm (J 
= 6.9 Hz) was an evidence of the presence of a sugar 
moiety at 7-position [40]. Inspection of the 13C NMR 
chemical shifts of compounds 8 and 9 clearly reveals 
the eff ect of the methylation of the phenolic hydroxyl 
at C-7 and the eff ect of the methoxy group at C-3. 
Th us, going from compounds 9 and 8 to compound 6, 
the methylation eff ect causes signifi cant downfi eld for 
C-6 and upfi eld for C-7 and C-8 relative to compound 
6 (98.8 ppm). In contrast, the A ring carbon signals 
in fl avones are markedly aff ected by the introduction 
of a methoxy group at 3-position [47]. Accordingly, 
a deshielding eff ect of about +34 ppm is found for 
C-3 in compound 9, and shielding eff ect was shown 
in C-2 and C-4. Th e remaining carbon resonances of 
four fl avones were completely assigned by comparison 
with previously reported data [39–42]. Complete acid 
hydrolysis of compound 7 revealed the presence of 
aglycone part, which has the same chromatographic 
character as compound 6. Th e sugar moiety was detected 
by PC along side with authentic sugar and it proved to 
be glucose. Compound 6, 7, 8, and 9 were identifi ed 
as lutoelin-3′-methyl ether, luteolin 3′-methyl ether-
7-glucoside, 3′,5-dihydroxy-6,7,4′-trimethoxyfl avone 
(luteolin-6,7,4′-trimethyl ether), and 5-hydroxy-
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3,6,7,3′,4′-pentamethoxy fl avone (artemetin), 
respectively. Th e analytical data were in agreement with 
those reported in the literatures [39–42].

Phytoconstituents of the ethyl acetate and methanol 
extracts of A. judaica is suggested to be responsible for 
the hypolipidemic and hypoglycemic eff ect resulting 
in the detected amelioration in kidney function. Th e 
nephroprotective activity may be carried out by enhancing 
insulin production and decreasing glucagon production 
in diabetic rats. In agreement with the present work, the 
hepatoprotetive and nephroprotective actions of essential 
oil extract of Artemisia sieberi in alloxan-induced diabetic 
rats were reported [48]. In addition, Chrysanthemum 

indicum extract exhibited a promising protective eff ect 
on cisplatin-induced nephrotoxicity [21].

In the current study, the biochemical investigation is 
supported by histopathological examination of kidney 
in each plant successive extract-treated hyperlipidemic–
hyperglycemic rats. Th e reduction in lipid peroxide and 
increased antioxidant activities in rats treated with each 
plant successive extracts may be related to lower lipid 
accumulation and blood glucose levels that in turn lead 
to histopathological amelioration. Th e present study 
clearly shows that plant extracts may be of therapeutic 
importance not only as blood glucose and lipid-
lowering agents in serum, but also as a cytoprotective 
agent to protect the kidney from hyperlipidemic and 
hyperglycemic synergistic eff ect.

Conclusion
Th e results suggested that two Asteraceae plants might 
act as benefi cial agents against renal dysfunctions 
developed in high fat diet (hyperlipidemic) and low 
dose STZ-induced hyperglycemia. Th e bioactivity of 
the most promising extract may be attributed to the 
terpenoidal and fl avonoidal compounds.
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