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Previously, we reported on the hepatoprotective activity of the total extract of Juniperus sabina L. against
CCl4 induced liver toxicity in experimental animals. Biologically directed phytochemical study was con-
ducted to identify the active compounds. Male Wistar rats and the standard drug silymarin were used in
the study. Hepatoprotective activity was evaluated via serum biochemical parameters such as aspartate
amino transferase (AST), alanine aminotransferase (ALT), gamma glutamyl transpeptidase (GGT), alkaline
phosphatase (ALP) and total bilirubin. Tissue parameters including non-protein sulfhydryl groups (NP-
SH), malonaldehyde (MDA) and total protein (TP) were also determined. Histopathological study was
conducted utilizing Mayer’s hematoxylin stain, Periodic Acid Schiff – Hematoxylin (PAS-H) and Masson
trichrome technique on light microscope. Electron microscope images were also generated for the study.
The activity of the total extract was trapped to the petroleum ether fraction after liquid-liquid fraction-
ation where 51% reduction in the levels of AST, bilirubin and 44% in the levels of ALT were observed.
Chromatographic purification of the petroleum ether fraction resulted in the isolation of nine compounds
namely: trans-calamenene (1), cadalene (cadalin) (2), epi-cubenol (3), manool (4), calamenene-10b-ol (5),
calamenene-10a-ol (6), 4-epi-abietic acid (7), sandaracopimaric acid (8) and isopimaric acid (9).
Compounds 1–3, 5 and 6 are belonging to cadinane sesquiterepenes, while compounds 4, 7–9 were of
diterpene skeleton. The major compounds were tested for their hepatoprotective effect. Compounds 3
showed marked improvement in the levels of AST and ALT, compound 4 was effective in improving
the levels of AST, ALT, GGT, ALP and bilirubin, while compound 7 showed significant improvement in
GGT, ALP and bilirubin levels.
� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In 2018, the National statistics in the UK ranked liver diseases as
one of the major causes of death (UK national statistics). In the US,
liver diseases are classified as the second leading cause of mortality
among all the digestive diseases (Everhart and Ruhl, 2009). In
Saudi Arabia survey revealed that 31.8% of patients suffering from
liver diseases concomitantly uses herbs with the physician-
prescribed drugs (Al-Zahim et al., 2013). The genus Junipers
belonging to the cypress (Cupressaceae) family comprises 50–67
species widely distributed in the Northern Hemisphere (Hampe
and Petit, 2010). Junipers are evergreen shrubs or trees with needle
or scale like leaves (Ogren, 2015).

Previous phytochemical studies of Junipers species resulted in
the isolation of variety of secondary metabolites including phenolic
compounds such as lignans, phenylpropanoid, flavonoids, coumar-
ins, in addition to the mevalonate acid pathway product like
sesquiterpenes and diterpenes (Seca et al., 2007; Seca and Silva,
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2007; Chang et al., 2008; Moujir et al., 2008; Iida et al., 2010; Seca
and Silva, 2010; Moujir et al., 2011; Woo et al., 2011; Inatomi et al.,
2013). Phytochemical studies of J. sabina resulted in the isolation of
a-cedrol, coumasabin, isocupressic acid, skimmin, undulatoside A,
hypolaetin 7-O-b-D-xylopyranoside, quercetin 3-O-a-L-
rhamnoside, syringin (Zhao et al., 2008), junaphtoic acid, (-)-3-O-
demethylyatein (San Feliciano et al, 1991), siderin, coumarsabin
and 8-methoxy coumarsabin (De Pascual et al., 1981).

Both J. phoenicea and J. procera were subjected to biologically
directed phytochemical study resulted in the identification of
hinokiflavone, 4-epi-abietol, sugiol as themost active hepatoprotec-
tive components (Alqasoumi and Abdel-Kader, 2012; Alqasoumi
et al., 2013). The hot water extract of J. chinensis showed promising
anti-obesity effect (Kim et al., 2008). We previously reported on the
hepatoprotective effect of J. Sabina total extract of the aerial part
against CCl4 induced toxicity in rats (Abdel-Kader et al, 2016).

In this work, detailed biological directed phytochemical study
was conducted to identify the active compounds in the plant
extract.
2. Materials and methods

2.1. General

Melting points were measured using open capillary tubes
Thermosystem FP800 Mettler FP80 central processor supplied with
FP81 MBC cell apparatus, and were uncorrected. Ultraviolet
absorption were obtained using a Unicum Heyios a UV–Visible
spectrophotometer. 1H-, 13C NMR and 2D-NMR experiments were
collected using UltraShield Plus 500 MHz (Bruker) (NMR Unite at
the College of Pharmacy, Prince Sattam Bin Abdulaziz University)
spectrometer operating at 500 MHz for protons and 125 MHz for
carbon atoms, respectively. Chemical shift values are reported in
d (ppm) relative to the residual solvent peak, and the coupling con-
stants (J) are reported in Hertz (Hz). X-ray data were collected on a
Bruker APEX-II D8 Venture area diffractometerusing graphite
monochromatic Mo Ka radiation (k = 0.71073 Å) at100(2) K. EIMS
were obtained using Shimadzu- GC/MS. Silica gel 60/230-400mesh
(EM Science), RP C-18 silica gel 40-63/230-400 mesh (Fluka) were
used for column chromatography. TLC were done using silica gel
60 F254 (Merck). Centrifugal preparative TLC (CPTLC) using 2 mm
silica gel P254 disc were performed on Chromatotron (Harrison
Research Inc. model 7924).
2.2. Plant materials

Aerial parts of Juniperus sabina L. (Cupressaceae) were described
earlier (Abdel-Kader et al, 2016).
Table 1
Selected 1H NMR data (d ppm, J in parenthese in Hz) for compounds 1–3, 5 and 6.

Pos 1 2

2 7.11 (d, J = 7.5) 7.32 (d, J = 8.3)
3 6.92

(dd, J = 1.5, 7.5)
7.90, m

5 7.01 (d, J = 1.5) 7.90, m
7 2.68, m –
11 2.22, m 3.71, m
12 0.71 (d, J = 7.0) 1.37 (d, J = 6.8)
13 0.99 (d, J = 7.0) 1.37 (d, J = 6.8)
14 1.24 (d, J = 6.7) 2.63, s
15 2.28, s 2.54, s

1: 2.74 (m, H-10); 2: 7.19 (d, J = 8.0, H-8), 7.25 (d, J = 8.0, H-8); 5: 1.58 (m, H-10); 6: 1.6
2.3. Extraction, fractionation and purification

The dried ground aerial parts (1000 g) were extracted till
exhaustion by percolation at room temperature with 95% ethanol
(10 L). The resulted extract was evaporated in vacuo to leave dark
green viscous residue with aromatic odour. Approximately
200 gm of the total extract were dissolved in 1200 ml of 20% aque-
ous ethanol and fractionated with petroleum ether (500 ml � 3) to
yield 45.86 g petroleum ether soluble fraction. The aqueous etha-
nol fraction was diluted with water to increase water content to
40% and the resulted fraction was fractionated with chloroform
(500 ml � 3) to yield 44.93 g of chloroform soluble fraction and
98.54 g of aqueous ethanol soluble fraction.
2.3.1. Petroleum ether fraction
Twenty grams of the petroleum ether soluble fraction were

chromatographed on silica gel column (150 � 10 cm i.d., 600 g)
eluting with petroleum ether followed by mixtures of petroleum
ether/ethyl acetate mixtures in a gradient elution system. Frac-
tions 200 ml each were collected, screened by TLC and similar
fraction were collected to yield 4 major fractions (A- D). Fraction
A (1 g) eluted with petroleum ether was further purified using
silica gel column (45 � 2 cm i.d., 30 g) eluting with petroleum
ether followed by mixtures of petroleum ether/ethyl acetate
mixtures in a gradient elution system. Fraction 7 afforded
37 mg of 1 as oily liquid. Fraction 9 afforded 5 mg of 2 as oily
liquid. Fraction 30 (300 mg) was purified on RP18 silica gel col-
umn eluted with 10% water in methanol to afford 75 mg of 3
and 120 mg of 4. Fractions 35–37 (85 mg) afforded 15 mg of 5
and 18 mg of 6.

Fraction B (1.5 g) eluted with 5% ethyl acetate in petroleum
ether was further purified using silica gel column (45 � 2 cm i.d.,
30 g) eluting with 5% ethyl acetate in petroleum ether followed
by Chromatotron (2 mm silica gel GF254 disk, solvent: 5% ethyl
acetate in petroleum ether) led to the isolation of compound 7
(190 mg).

Fraction C (2.7 g) eluted with 10% ethyl acetate in petroleum
ether was further purified using silica gel column (45 � 2.5 cm i.
d., 100 g) eluting with 5% ethyl acetate in petroleum ether. Fraction
21 afforded 130 mg of 8 after crystallization from methanol. Frac-
tions 22–41 were mixture of 8 and 9 (347 mg).

Fraction D (3.2 gm) eluted with 20% ethyl acetate in petroleum
ether afforded 250 mg of b-sitosterol after repeated crystallization
from methanol.
2.3.2. trans-Calamenene (1)
C15H22, Oily compound. [a]D23 � 49 (c 1.1, CHCl3). 1H- and 13C

NMR (CDCl3): Tables 1 and 3. EIMS m/z (%): 202 (29, M+).
3 5 6

7.45 (d, J = 8.4) 7.48 (d, J = 8.4)
7.00, m 7.00, m

5.44 (d, J = 4.4) 7.00, m 7.00, m
1.16, m 2.58, m 2.68, m
1.96, m 1.99, m 2.01, m
0.80 (d, J = 7.0) 0.76 (d, J = 6.9) 0.70 (d, J = 6.6)
0.87 (d, J = 7.0) 1.04 (d, J = 6.9) 1.02 (d, J = 6.6)
0.96 (d, J = 6.6) 1.51, s 1.48, s
1.70, s 2.95, s 2.30, s

9 (m, H-6).
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2.3.3. Cadalene (cadalin) (2)
C15H18, Oily compound. UV kmax (CHCl3) 232, 311 and 327 nm.

1H- and 13C NMR (CDCl3): Tables 1 and 3. EIMS m/z (%): 198 (34,
M+).
2.3.4. epi-Cubenol (3)
C15H26O, Oily compound. [a]D23 � 87 (c 0.9, CHCl3). 1H- and 13C

NMR (CDCl3): Tables 1 and 3. EIMS m/z (%): 222 (31, M+).
2.3.5. Manool (4)
C20H34O, crystallin solid. m.p. 51–52 �C. [a]D23 + 56 (c 0.93,

CHCl3). 1H- and 13C NMR (CDCl3): Tables 2 and 3. EIMS m/z (%):
290 (11, M+).
2.3.6. Calamenene-10b-ol (5)
C15H22O, Oily compound. 1H- and 13C NMR (CDCl3): Tables 1

and 3. EIMS m/z (%): 218 (15, M+).
2.3.7. Calamenene-10a-ol (6)
C15H22O, Oily compound. 1H- and 13C NMR (CDCl3): Tables 1

and 3. EIMS m/z (%): 218 (15, M+).
2.3.8. 4-epi-Abietic acid (7)
C20H30O2, gum. UV kmax (MeOH) 232, 241 and 252 nm. 1H- and

13C NMR (CDCl3): Tables 2 and 3. EIMS m/z (%): 302 (6, M+).
Table 2
Selected 1H NMR data (d ppm, J in parenthese in Hz) for compounds 4 and 7–9.

Pos 4 7

7 5.43, bs
14 5.91

(dd, J = 10.75, 17.35)
5.78

15 5.04 (d, J = 10.75)
5.20 (d, J = 17.35)

16 1.26 s 0.99 J = 5.0

17 4.48, s
4.80, s

1.02 (d, J = 5.0)

18 0.87, s 1.25, s
19 0.80, s
20 0.67, s 0.71, s

Table 3
13C NMR data (d ppm) for compounds 1–9.

Pos 1 2 3 4

1 139.99 131.94 72.70 38.2
2 126.93 123.05 26.69 19.39
3 126.35 124.93 22.01 42.20
4 134.56 134.81 133.78 33.57
5 128.87 127.32 122.11 55.57
6 140.17 140.60 48.04 24.56
7 43.98 131.22 41.91 39.08
8 21.68 125.71 24.04 148.69
9 31.02 121.53 31.16 57.23
10 32.69 131.64 49.24 39.85
11 32.09 28.35 26.89 17.66
12 17.50 24.14 15.20 41.37
13 21.46 24.14 21.69 73.65
14 22.29 19.56 15.17 145.15
15 21.49 22.18 23.52 111.62
16 28.02
17 106.38
18 33.65
19 21.74
20 14.46
2.3.9. Sandaracopimaric acid (8)
C20H30O2, m.p. 168–169 �C. UV kmax (MeOH) 228 nm. 1H- and

13C NMR (CDCl3): Tables 2 and 3. EIMS m/z (%): 302 (23, M+).

2.3.10. Isopimaric acid (9)
C20H30O2, m.p. 160–161 �C. UV kmax (MeOH) 227 nm. 1H- and

13C NMR (CDCl3): Tables 2 and 3. EIMS m/z (%): 302 (19, M+).

2.4. Animals

Male Wistar albino rats (160–180 g) of the same age (8–
10 weeks), provided by the Experimental Animal Care Center, Col-
lege of Pharmacy, Prince Sattam Bin Abdulaziz University, Al-Kharj,
KSA, were used. The animals were kept under controlled tempera-
ture (22 ± 2 �C), humidity (55%) and light/dark conditions
(12/12 h). The animals were provided with Purina chow and free
access to drinking water ad libitum (Alqasoumi et al., 2009). The
experimental and procedures were approved by the Ethical Com-
mittee of Prince Sattam Bin Abdulaziz University.

2.5. Hepatoprotective activity

Rats were divided into four groups’ and nine subgroups five ani-
mals each. Group I received normal saline and was kept as a con-
trol. Groups II- IX received 1.25 ml of CCl4 in liquid paraffin (1:1)
per 1 Kg body weight intraperitoneally. Group II received only
CCl4 treatment. Group III was treated with 10 mg/kg p.o.
(20.7 lmole/ kg) of silymarin (Sigma-Aldrich, St. Louis, MO, USA)
8 9

5.31 (d, J = 4.3) 5.22, s

5.81
(dd, J = 10.5, 17.5)

5.77
(dd, J = 10.2, 17.0)

4.86 d J = 10.5
4.92 d J = 17.5

4.84 (d, J = 10.2)
4.90 (d, J = 17.0)

0.86, s 0.83, s

1.26, s 1.19, s

0.90, s 1.04, s

5 6 7 8 9

140.00 141.57 39.21 38.83 38.27
128.07 128.45 19.56 17.19 18.16
126.19 125.84 38.17 36.82 37.01
136.39 136.13 43.84 46.09 47.29
126.91 126.95 49.97 44.99 48.78
139.28 138.75 24.65 25.19 24.90
43.32 43.40 121.22 121.00 35.48
19.63 20.20 134.48 135.63 136.65
37.55 38.14 51.47 52.01 50.55
70.17 70.78 35.33 35.01 36.84
30.96 30.59 23.05 20.04 18.56
17.66 17.08 27.59 36.01 34.40
21.08 21.74 145.03 36.99 37.72
31.22 30.81 122.33 46.33 129.10
21.25 21.25 34.84 150.26 148.91

20.87 109.32 110.18
21.44 21.52 26.02
29.71 17.12 16.77
183.69 185.88 185.46
12.75 15.32 15.23



Table 5
Effect of the isolated compounds on the levels of MDA, NP-SH and Total protein in
liver tissue of CCl4-intoxicated rats.

Treatment MDA(nmol/g) NP-SH(nmol/
g)

Total protein
(g/l)

Control 1.25 ± 0.03 4.40 ± 0.16 118.56 ± 2.37
CCl4 6.66 ± 0.21***

a
2.94 ± 0.30** a 55.48 ± 2.42***

a

Silymarin (10 mg/kg) 2.35 ± 0.11***
b

4.39 ± 0.16** b 99.80 ± 2.59***
b

3 (10 mg/kg) 5.14 ± 0.21*** 3.60 ± 0.26b 57.48 ± 1.51b

4 (12 mg/kg) 4.98 ± 0.33** b 3.36 ± 0.14b 65.06 ± 2.58* b

7 (14 mg/kg) 2.91 ± 0.12***
b

4.05 ± 0.18* b 81.03 ± 2.42***
b

8 (14 mg/kg) 5.61 ± 0.24** b 3.45 ± 0.15b 62.67 ± 1.89* b

Silymarin (10 mg/kg) 2.26 ± 0.18***
b

4.14 ± 0.15***
b

99.99 ± 3.70***
b

4 (18 mg/kg) + 7
(21 mg/kg

2.81 ± 0.27***
b

4.67 ± 0.40***
b

87.42 ± 3.72***
b

All values represent mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001; ANOVA, fol-
lowed by Dunnett’s multiple comparison test.

a As compared with Control group.
b As compared with CCl4 only group.
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(Abdel-Kader et al, 2016). Groups IV was divided into eight sub
groups IVa- IVh. Subgroups IVa- IVc were treated with 200 mg/kg
body weight of the water, chloroform and petroleum ether soluble
fractions. Subgroups IVd- IVg were treated with compounds 3, 4, 7
and 8 at doses of 10, 12, 14 and 14 mg/Kg body weight respec-
tively. Subgroup IVh treated with 18 and 21 mg/Kg body weight
of 4 and 7, respectively. Treatment started 5 days prior to CCl4
administration and continued till the end of the experiment. After
48 h, following CC14 administration the animals were sacrificed
under ether anesthesia. Blood samples were obtained by heart
puncture and the serum was separated for biochemical parameters
measurements. The livers were immediately removed and used for
determination of tissue parameters. Representative pieces were
immersed in10% formalin for fixation necessary for histopatholog-
ical study.

2.5.1. Determination of enzyme levels
Serum glutamate oxaloacetate transaminase (AST), serum glu-

tamate pyruvate transaminase (ALT), alkaline phosphatase (ALP),
gamma glutamyltranspeptidase (GGT) and total bilirubin were
determined following the reported methods (Edwards and
Bouchier, 1991). The enzyme activities were measured by Reflo-
tron� diagnostic strips (Roche, Basel, Switzerland) and Reflotron�

Plus instrument (Roche) (Table 4).

2.5.2. Determination of tissue parameters
Non-protein sulfhydryl groups (NP-SH) were measured follow-

ing Sedlak and Lindsay (1968) method. The livers were cooled in
ice bath. A weight of 200 mg of liver tissues were homogenized
in 8 ml of 0.02M ethylenediaminetetraacetic acid (EDTA). Aliquots
of 5 ml of the homogenate were mixed in 15 ml test tubes with
4 ml of distilled water and 1 ml of 50% trichloroacetic acid (TCA).
To precipitate protein the tubes were shaken for 10–15 min at
intervals and centrifuged at 3000 rpm for 15 min. Two mL of the
resulted supernatants were mixed with 4 ml of 0.4M Tris buffer,
pH 8.9 and 0.1 ml of 0.01M DTNB [5, 5‘-dithio-bis-(2-nitrobenzoic
acid)] and the samples were shaken. Five minutes after the
addition of DTND the absorbencies were measured at 412 nm
comparing with blank with no homogenate (Table 5).

For the measurement of MDA level an aliquots from liver homo-
genate were incubated with shaking at 37 �C for 3 h, mixed with
1 ml of 10% aqueous TCA and centrifuged at 800 rpm for 10 min.
From the supernatants 1 ml from each were mixed with 1 ml aque-
ous solution of 0.67% 2-thiobarbituric and heated for 10 min on
boiling water bath. Mixtures were cooled, mixed with 1 ml dis-
tilled water and the absorbance’s were measured at 535 nm. The
Table 4
Effect of isolated compounds on the serum levels of liver injury markers in CCl4-intoxicat

Treatment AST (U/L) ALT (U/L) GGT (

Mean ± S.E % Change Mean ± S.E % Change Mean

Control 98.36 ± 4.48 31.55 ± 2.91 4.40 ±
CCl4 384.66 ± 7.95***a 300.00 ± 12.02**a 14.55
Silymarin

(10 mg/kg)
192.00 ± 6.78***b 50.08 98.06 ± 5.14*** b 67.31 7.20 ±

3 (10 mg/kg) 225.83 ± 9.77***b 41.29 184.83 ± 5.22*** b 38.38 11.13
4 (12 mg/kg) 245.00 ± 11.89***b 36.30 168.66 ± 5.49***b 43.77 9.48 ±
7 (14 mg/kg) 290.00 ± 7.42***b 24.61 221.16 ± 8.37*** b 28.77 9.01 ±
8 (14 mg/kg) 350.33 ± 9.51*b 8.92 302.83 ± 5.33b – 13.38
Silymarin

(10 mg/kg)
139.00 ± 7.16***b 53.15 77.62 ± 16.46***b 65.53 6.50 ±

4 (18 mg/kg)
+ 7 (21 mg/kg)

189.50 ± 7.18***b 36.14 142.00 ± 5.78***b 36.95 11.47

All values represent mean ± SEM. *p < 0.05; **p < 0.01; ***p < 0.001; ANOVA, followed by
a As compared with Control group.
b As compared with CCl4 only group.
content of MDA (Table 5) (nmol/g wet tissue) were estimated from
the calibration curve of MDA solution (Utley et al., 1967).

For determination of the TP portions of the homogenate were
mixed with 0.7 ml Lowry’s solution and kept at room temperature
for 20 min in dark then 0.1 ml of diluted Folin’s reagent were
added. Samples were kept for 30 min at room temperature away
from light. The absorbancewere thenmeasured at 750 nm (Table 5)
(Lowry et al., 1951).

2.6. Statistical analysis

Analysis of variance (ANOVA) test was used to judge whether
the difference between groups is significant or not. Non paired
samples such as control and CCl4-treated group were compared
for significance using Dunnette’s test (Woolson and Clarke,
2002). All the reported values are presented as mean ± S.E.

2.7. Histopathology

The livers samples were dehydrated using water ethanol mix-
tures till reaching absolute ethanol, cleared and infiltrate by
immersion in increasing concentrations of ethanol (70–100%),
xylene (3 times, 1hr each) followed by paraffin wax (4 times, 1hr
each). The tissues were oriented by hot forceps in moulds and then
ed rats.

U/L) ALP (U/L) Bilirubin (mg/dl)

± S.E % Change Mean ± S.E % Change Mean ± S.E % Change

0.25 332.16 ± 9.48 0.59 ± 0.01
± 0.55*** a 595.83 ± 11.88*** a 3.09 ± 0.09*** a

0.24*** b 50.51 425.83 ± 13.93*** b 28.53 1.11 ± 0.09*** b 63.90

± 0.24*** b 23.48 554.33 ± 6.12* b 6.88 2.76 ± 0.10* b 10.86
0.43*** b 34.82 474.83 ± 11.93***b 20.30 1.67 ± 0.18*** b 45.99
0.35*** b 38.02 452.83 ± 12.79*** b 24.00 1.49 ± 0.09*** b 51.64
± 0.41b 8.01 592.33 ± 8.53b – 2.97 ± 0.06b 4.14
0.30***b 56.73 411.50 ± 25.10***b 31.01 1.04 ± 0.12***b 64.27

± 0.38***b 23.62 434.50 ± 6.80***b 27.15 1.46 ± 0.03***b 50.21

Dunnett’s multiple comparison test.
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Fig. 1. Effect of JS fractions at 200 mg/kg on reduction of the levels of AST, ALT and
bilirubin of CCl4 treated rats.
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chilled on cold plates and excess wax were removed. Thin sections
(3 lm) were made using rotary microtome (Leitz 1512) and placed
onto clean slides. The slides were drained vertically for several
minutes and placed onto a warming table at 37–40 �C (Prophet
et al., 1994).

2.7.1. Mayer’s hematoxylin stain
The slides were stained in Mayer’s hematoxylin solution for

15 min after deparaffinization, hydration. The slides were then
washed in lukewarm running tap water for 15 min then immersed
in 80% ethyl alcohol for two minutes and counterstained in eosin-
phloxine solution for 2 min. The slides were then washed with 95%
ethyl alcohol, absolute ethyl alcohol, and xylene (2 min each) and
finally mounted in resinous medium.

2.7.2. Periodic acid schiff – hematoxylin (PAS-H) to study PAS-positive
materials

Deparaffinized liver sections were immersed in 1% periodic acid
for 10 min, washed with distilled water for 2 min, immersed in
Schiff reagent (Product 191203S, BDH Laboratory Supplies, Poole,
England) for 10 min, and then washed under running tap water
for 10 min. The nuclei were counterstained with Harris’s hema-
toxylin for 2 min, differentiated in acid alcohol 2 dips, rinsed with
tap water 2 dips, and blued in running tap water for 10 min, dehy-
drated, cleared, and a coverslip mounted with DPX (Product 03600,
Loba Chemie Pvt. Ltd., Mumbai, India) (Hamad and Ahmed, 2018).

2.7.3. Masson trichrome technique for connective tissue fibers
demonstration (mainly collagen)

Deparaffinized liver sections were stained with Weigert’s iron
hematoxylin for 10 min, washed with water, stained in an acid
fuchsin solution for 5 min, rinsed rapidly in water, differentiated
in 1% phosphomolybdic acid for about 5 min, drained and counter-
stained with methyl blue, dehydrated, cleared and mounted sec-
tions in DPX (Hamad and Ahmed, 2016).

2.8. Electron microscopy

Shortly, Tissue specimens were treated for fixation, dehydration
and infiltration using Specimen rotator (Product 15920D, Thermo
Fisher Scientific, Carlsbad, CA, USA). Embedding was done by trans-
ferring tissues in EMS embedding capsules (Product 69910–05,
EMS) to make blocks. Ultramicrotome (Product PT-PC #75,840,
RMC Boeckeler Instruments, Inc., Tucson, AZ, USA) were used to
obtain ultra thin section of 100–200 nm stained manually in 1%
uranyl acetate (Product 93–2840, STREM CHEMICALS, Newbury-
port, MA, USA). Tissues were then dried and examined under trans-
mission electron microscope (TEM) (Product FEI TECNAI 12,
Thermo Fisher Scientific, Hillsboro, Oregon, USA). Detailed proce-
dures are described earlier (Luft, 1961; Woods and Stirling, 2013).

3. Results and discussion

The total extract of J. sabina showed marked hepatoprotective
activity (Abdel-Kader et al, 2016). To trace the activity of the plant
liquid-liquid fractionation of the total extract was conducted to
yield petroleum ether, dichloromethane and water fractions. Rats
were treated with the fractions at 200 mg/kg before the adminis-
tration of CCl4 and three parameters were measured to determine
the active fraction(s). The petroleum ether fraction showed the
most significant (p < 0.001) and strongest protective effect for the
liver cells (Fig. 1). Phytochemical study of the active petroleum
ether fraction resulted in the isolation of nine compounds 1–9
including five cadinane sesquiterepenes and four diterpenes
(Fig. 2).
Compound 1was identified as trans-calamenene by comparison
with reported data (Oyarzún and Garbarino, 1988). However, HSQC
experiment indicated that the methyl group at dH 0.71 in the 1H
NMR (Table 1) is connected to the carbon at dC 17.50 in the 13C
NMR. The methyl group at dH 0.99 in the 1H NMR showed cross
peak with the carbon at dC 21.46 in the 13C NMR (Table 3). Based
on these facts the assignment of H-12 and H-13 must be revised.

Compound 2was identified as cadalene (cadalin) based on com-
parison with literature data (El-Seedi et al, 1994). The carbon data
were not assigned in the cited reference. Moreover, the chemical
shift at dC 44.3 is apparently not part of the molecules. It is most
likely a typographical error or due to impurities. This argument
is supported by the data published for 15-hydroxycadalene (Kuo
and Yu, 1999).

Compound 3 was identified as epi-cubenol through comparison
with reported data for both cubenol and epi-cubenol (Ohta and
Hirose, 1967; Oyarzún and Garbarino, 1988). 2D-NMR experiments
especially COSY and HSQC enable the exact assignment of all
methyl groups in 3. Based on our data the chemical shifts of C-
12, C-13 and C-15 must be revised as in Table 3.

Compounds 5 and 6 were identified as calamenene-10b-ol and
calamenene-10a-ol respectively. Their 1H- and 13C NMR data
(Tables 1 and 3) were identical with the reported values (Kuo
and Yu, 1999). Analysis of DEPT 90, COSY, HSQC and HMBC indi-
cated that the carbon resonance at dC 21.25 in both 5 and 6 repre-
senting two methyl groups. HMBC showed cross peaks of these
methyl protons at dH 2.95, 2.30 with C-3 (dC 126.19, 125.84), C-4
(136.39, 136.13), C-5 (dC 126.91, 126.95) in both 5 and 6 support-
ing the position of these two methyl groups at C-15. Carbons with
chemical shifts dC 30.96 and 30.59 ppm represents two CH rather
than CH3 based on DEPT 90 and HSQC experiments. Both H-12,
H-13 in 5 and 6 showed strong correlation with that CH groups
protons and carbons in COSY and HMBC. Based on the above dis-
cussion the literature assignments (Kuo and Yu, 1999) of C-11
and C-15 must be interchanged. Data of C-1, 2 and 4 are consistent
with the suggested correction. Compounds 1–3, 5 and 6 are all
belonging to the sesquiterpenes with cadinane skeleton.

Compounds 8 and 9 were present mainly as mixtures of differ-
ent proportions. Crystallization from petroleum ether/ethyl acetate
provided crystals subjected to single X-ray diffraction analysis
(Fig. 3) to establish the two mixture components as the isopi-
marane diterpene acids, sandaracopimaric acid (8) and isopimaric
acid (9). Repeated column chromatography establishes more pure
8 for biological testing while only little amount of pure 9 was
obtained for spectral analyses. Data of 8 and 9 were identical with
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Fig. 3. X-ray crystal structure of compounds 8 and 9.

M.S. Abdel-Kader et al. / Saudi Pharmaceutical Journal 27 (2019) 920–929 925
the reported data for the acids as well as the corresponding ana-
logues (Talapatra et al, 1994; Block et al, 2004; El Sawi and
Motawe, 2008; Olate et al, 2011).

Compounds 4 and 7 were identified as the labdane diterpene,
manool and the abitane diterpene acid, 4-epi-abietic acid by com-
parison of the obtained spectral and physical data with the litera-
ture (El Sawi and Motawe, 2008; Olate et al, 2011; Topcu et al,
2013).

Compounds 3, 4, 7 and 8 were isolated in enough yield to test
their hepatoprotective effect.

Hepatotoxicity was induced experimentally using CCl4. The
endoplasmic reticulum converts carbon tetrachloride into two
highly reactive free radicals; trichloromethyl (CCl3) and .Cl3COO
consequently conjugated with cellular macromolecules, lipids
and proteins with the help of oxygen to induce lipid peroxidation
(Snyder and Andrews, 1996). The consequences of this process
are the formation of reactive aldehydes that form adducts with
proteins (Weber et al., 2003). As a result the endoplasmic reticu-
lum and other cellular membranes become more permeable to
Ca2+ resulting in a severe disturbances of calcium homeostasis
leading to necrotic cell death (Weber et al., 2003). Treatment of
animals with carbon tetrachloride leads to significant increase of
transaminases (AST and ALT) and alkaline phosphatase (ALP) levels
due to hepatocytes damage (Zafar and Ali, 1998). Severe jaundice
was demonstrated by the elevated levels of serum bilirubin
(Table 4) (Lin et al, 1997).

The standard drug silymarin at a dose of 10 mg/kg (20.7 lmol/
kg) was used as a positive control. The protective effect of sily-
marin was mediated via scavenging prooxidant free radicals and
increasing the intracellular concentration of GSH. In addition, it
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Fig. 4. Light microscope pictures of liver tissues stained with (i)Mayer’s hematoxylin stain (ii):Masson trichrome technique (iii): Periodic Acid Schiff – Hematoxylin (PAS-H).
(a) Liver cells of normal control group. (b) Liver cells of CCl4 treated group (i): Degenerative liver tissue, necrosis accompanied by occlusion of blood. (ii): Large amount of
collagen fibers taking the blue colour. (iii): Absence of PAS positive materials which indicates illed hepatocyte with very low functioning capacity. (c) Liver cells of CCl4 &
silymarin treated group (i): Clear evidence of healing and regaining microanatomical archeticture of liver tissue. Hyperemia still appears in some central veins without
complete occlusion (ii): Improvement by lowering the amount of collagen fiber but not completely disappeared (iii): Very few amount near to absence of PAS positive
materials. (d) Liver cells of CCl4 & 3 treated group (i): Moderate to high presence of degeneration (D) necrosis (N) accompanied by accumulation of hyaline materials (Hy)
among parenchyma of the liver (ii): Moderate presence of collagenfibers (arrows) which indicate healing process did not reach its complete status (iii): Very little to absence
of PAS positive materials which indicates hepatocytes could not regain full functioning atatus. (e) Liver cells of CCl4 & 4 treated group i: Regaining the structure of liver tissue
but still also show presence of moderate to low necrotic area, degenerative area accompanied by occlusion of thecentral vein by hyaline material (ii): Few and almost normal
amount of collagen fibers which confind to the boundaries of central veins and sinusoides wall of the liver (iii): shows few amount of PAS positive material which indicates
start of healing of hepatocytes. (f) Liver cells of CCl4 & 7 treated group (i): Wide area of moderate to high degeneration and necrosis accompanied by partial and full occlusion
of central veins (ii): Large amount of collagen fibers which indicates weak healing process (iii): Little amount to absence of PAS positive materials. (g) Liver cells of CCl4 & 4& 7
treated group (i): Start of healing process but still areas of degeneration and necrosis are present accompanied by hyperemia that almost occlude the central vein (ii):
Moderate amount of collagen fibers (iii): Few amount of PAS positive materials.
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enhances the cellular membrane permeability to protect against
xenobiotics insult. Silymarin also promote the synthesis of riboso-
mal RNA through stimulating DNA polymerase-I and steroid like
action in regulating DNA transcription and stimulation of protein
synthesis. These processes lead to regeneration of liver cells
(Dehmlow et al., 1996; Saller et al., 2007). All these effects were
expressed experimentally by normalization of the biochemical
and tissue parameters (Tables 4 and 5).

The tested compounds were used at 20.7 lmol/kg as the dose of
silymarin. Compound 8 was inactive and offers no protection
against toxicity (Tables 4 and 5). Compound 3 showed marked
reduction in the levels of AST, ALT and GGT (41.29, 38.38 and
23.48%) compared with silymarin (50.08, 67.31 and 50.51%)
(Table 4). However, its effect on ALP, bilirubin, MDA, NP-SH and
total protein was weak. Best results were obtained from groups
trated with compounds 4 and 7. Compound 4 was stronger in low-
ering AST and ALT levels (36.30, 43.77%). However; 7 was superior
in the management of GGT, ALP, bilirubin (38.02, 24.00, 51.64%),
MDA, NP-SH (2.91 ± 0.12, and 4.05 ± 0.18 nmol/g) and total protein
(81.03 ± 2.42 g/l). A combination of 4 and 7 at 18 mg/kg and
21 mg/kg, respectively, were used aiming to effectively improve
all the used liver parameters. Significant results (p < 0.001) were
obtained from the tissues of this group and were comparable to
the standard silymarin in most of the used parameters. However,
percent reduction in the levels of AST, ALT and GGT (36.14, 36.95
and 23.62%) were much less that those of the silymarin treated
group (53.15, 65.53 and 56.73%).

The effect of the tested compounds on the liver condition was
monitored also via detailed histopathological examinations using
Mayer’s hematoxylin stain, Masson trichrome technique and Peri-
odic Acid Schiff – Hematoxylin (PAS-H) on light microscope (Fig. 4).
Masson trichrome stain collaged with blue colour and give an indi-
cation about fibrosis due to liver injury. Using PAS-H confirms the
presence of glycogen in the liver cells (Krishna, 2013). Tissue spec-
imens were also examined by electron microscopy (Fig. 5).

Group received CCl4 show (Fig. 4) clear evidence of degenera-
tive liver tissue, necrosis accompanied by occlusion of blood (b-
i). Excessive amount of collagen fibers stained blue (b-ii). Absence
of PAS positive materials which indicates illed hepatocyte with
very low functioning capacity (b-iii). Electron microscope (Fig. 5)
study showed degeneration and necrosis of hepatocytes and
increased presence of vacuoles (b-i). The nuclei showed unusual
multiple clumps of chromatin materials (b-ii) and abnormal pat-
tern of dissolved Golgi apparatus (b-iii). Silymarin adminstration
prior to CCl4 provided clear evidence of healing and regaining
microanatomical architecture of liver tissue (Fig. 4). However,
hyperemia still appears in some central veins without complete
occlusion (c-i). The amount of collaged fiber is markedly reduced
(c-ii) along withvery few amount near of PAS positive materials
was observed (c-iii). Electron microscopy pictures (Fig. 5) showed
intact cellular and nuclear membrane associated with decreased
Fig. 5. Electron microscope pictures of liver tissues (i): General (ii): Nuclear study (iii): Cy
group (i): Degeneration and necrosis of hepatocytes. Also increased presence of vacuol
dissolved Golgi apparatus. (c) Liver cells of CCl4 & silymarin treated group (i): Intact c
vacuolization and normal presence of fat droplets (ii): High healing activity by regainin
apparatus and very few small fat droplets are present in cytoplasm. (d) Liver cells of CCl
nucleus and degeneration associated with increased cytoplasmic vacuolization of larger s
inside nucleus, feature of necrosis is indicated by absence of nuclear boundary (iii): abno
fat droplets some of them are large in size. (e) Liver cells of CCl4 & 4 treated group i: Necro
droplets (ii): Unusual multiple clumps of chromatin materials inside nucleus (iii): Abnorm
absence of fat droplets appear in the cytoplasm. (f) Liver cells of CCl4 & 7 treated group i: I
of cytoplasmic vacuolization and presence of fat droplets (ii): Multiple clumps of chroma
associated with vacuolization with absence of fat droplets. (g) Liver cells of CCl4 & 4 & 7 t
normal presence of fat droplets but slightly cytoplasmic vacuolization is also present (ii):
abnormal clumps of chromatin materials in the nuclei (iii): Degenerated Golgi apparatu
amount of cytoplasmic vacuolization and normal presence of fat
droplets (c-i), regaining many normal nuclei without clumps (c-
ii) and normal cytoplasm with normal Golgi apparatus (c-iii).

Compound 3 treated liver samples showed (Fig. 4) moderate to
high presence of degeneration, necrosis accompanied by accumu-
lation of hyaline materials (Hy) among parenchyma of the liver
(d-i). In Masson trichrome technique the moderate presence of col-
lagen fibers indicate incomplete healing status (d-ii). Periodic Acid
Schiff–Hematoxylin (PAS-H) showed very little to absence of PAS
positive materials which indicates hepatocytes could not regain
full functioning status (d-iii). Compound 3 Shows some features
of healing process (Fig. 5) (intact cytoplasmic and nuclear mem-
branes) but also features of necrosis (absence of nucleus) and
degeneration (increased cytoplasmic vacuolization of larger size)
are still present (d-i). unusual multiple clumps of chromatin mate-
rials inside nucleus (d-ii). Cytoplasm contains abnormal pattern of
degenerated Golgi apparatus associated with vacuolization and
few fat droplets some of them are large in size (c-iii).

Treatment with compound 4 showed (Fig. 4) start of healing
process by regaining the structure of liver tissue but still also show
presence of moderate to low necrotic, degenerative areas accompa-
nied by occlusion of the central vein by hyaline material (e-i).
Almost normal amount of collagen fibers which confind to the
boundaries of central veins and sinusoides wall of the liver were
observed (e-ii). Few amount of PAS positive material was observed
indicating the start but not complete healing of hepatocytes (e-iii).
In the electron microscope pictures (Fig. 5) showed features of
degeneration, necrosis and cytoplasmic vacuolization associated
with very little or almost absence of fat droplets (e-i). very week
healing process associated with unusual multiple clumps of chro-
matin materials inside nucleus (e-ii). Cytoplasm contains abnormal
pattern of degenerated Golgi apparatus associated with large vac-
uolization (e-iii).

Moderate healing activity was evident (Fig. 4) by partial regain-
ing the normal liver structure with slight hyperemia, necrosis and
degeneration accompanied by partial occlusion of central veins
(f-i) as a result of compound 7 treatment. Considerable amount of
collagen fibers (f-ii) and very little positive materials (d-iii) both
indicated injuredhepatocytes. Compound7 shows (Fig. 5) intact cel-
lular and nuclear membrane associated with moderately decreased
amount of cytoplasmic vacuolization and presence of fat droplets
(f-i). Still have unusual multiple clumps of chromatin materials
inside nucleus (f-ii). Cytoplasmcontains abnormal pattern of degen-
erated Golgi apparatus associated with vacuolization (f-iii).

Combination of 4 and 7 at 18 and 21 mg/kg respectively
resulted in moderate improvement (Fig. 4) by regaining the
microanatomical structure of liver tissue, but still shows area of
necrosis, degeneration, hyperemia and occlusion with hyaline
material (g-i). Moderate amount of collagen fibers (g-ii) and few
amount of PAS positive materials (g-iii) indicates some degree of
healing. Electron microscope picture (Fig. 5) shows features of
toplasmic study. (a) Liver cells of normal control group. (b) Liver cells of CCl4 treated
es (ii): Unusual multiple clumps of chromatin materials (iii): Abnormal pattern of
ellular and nuclear membrane associated with decreased amount of cytoplasmic
g many normal nuclei without clumps (iii): Normal cytoplasm with normal Golgi
4 & 3 treated group (i): Intact cytoplasmic and nuclear membranes with absence of
ize (ii): Weak healing process with unusual multiple clumps of chromatin materials
rmal pattern of degenerated Golgi apparatus associated with vacuolization and few
sis and cytoplasmic vacuolization associated with very little or almost absence of fat
al pattern of degenerated Golgi apparatus associated with large vacuolization with

ntact cellular and nuclear membrane associated with moderately decreased amount
tin materials inside nucleus (iii): Abnormal pattern of degenerated Golgi apparatus
reated group i: Features of healing by intact nuclear and cytoplasmic membrane and
Some improvement showing intact nuclear membrane and reducing the amount of
s associated with many fat droplets and vacuolization.
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healing by intact nuclear and cytoplasmic membrane and normal
presence of fat droplets but slightly cytoplasmic vacuolization is
also present (g-i). some improvement by intact nuclear membrane
and reducing the amount of abnormal clumps of chromatin mate-
rials in the nuclei (g-ii). Cytoplasm still showing some degenerated
Golgi apparatus (g-iii).
i i

a: 

b: 

c: 

d: 

e: 

f: 

g: 
In support of our results, manool (4) expressed significant pro-
tection against chromosomal damage induced by methyl methane-
sulfonate in HepG2 cell line (Nicolella et al, 2014). The isomer of
compound 7, abietic acid was previously reported to have potent
hepatoprotective effect against lipopolysaccharide induced liver
injury in BALB/c mice (Ramnath et al, 2016).
iiii
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4. Conclusion

The hepatoprotective activity of the total extract was trapped to
the petroleum ether fraction after liquid-liquid fractionation. Chro-
matographic purification of the petroleum ether fraction resulted
in the isolation of nine compounds namely: trans-calamenene
(1), cadalene (cadalin) (2), epi-cubenol (3), manool (4),
calamenene-10b-ol (5), calamenene-10a-ol (6), 4-epi-abietic acid
(7), sandaracopimaric acid (8) and isopimaric acid (9). Compounds
3, 4 and 7 showed significant improvement in certain liver param-
eters. Combinations of the most active two compounds 4 and 7 at
18 and 21 mg/kg respectively resulted in moderate improvement
by regaining the microanatomical structure, moderate amount of
collagen fibers and few amount of PAS positive materials. Electron
microscope picture shows features of healing by intact nuclear and
cytoplasmic membrane and normal presence of fat droplets but
slightly cytoplasmic vacuolization is also present. The amount of
abnormal clumps of chromatin materials in the nuclei were
reduced. However, cytoplasm still showing some degenerated
Golgi apparatus.
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