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Garlic antagonizes skeletal muscle ischemia
reperfusion injury through regulating inflammation,
apoptosis and desmin expression in adult male rats
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Abstract: Background: Skeletal muscle injuries with subsequent bleeding is common cause of death on both sports
and battle grounds. Application and removal of tourniquet is fast intervention to control hemorrhage resulting isch-
emia reperfusion (IR) injury. The effect of IR in skeletal muscle is far more severe compared to other body tissues
because of the devastating systemic complication. Garlic has beneficial effects in IR of various organs. However,
using garlic in IR of skeletal muscle is deficient Goals: To investigate the possible protective effect of garlic in rat
model of hind limb IR and its possible mechanisms of action. Methods: Fifty adult male rats divided into five groups;
C: control, IR: ischemia/reperfusion group subjected to 2 hours ischemia followed by 2 hours reperfusion (2/2 hr
IR) and three garlic treated groups; G1+IR: 24 hr before I/R, G2+IR: 30 min before IR and G3+IR: immediately be-
fore reperfusion. We measured wet to dry weight ratio (W/D) of gastrocnemius muscle, serum creatine kinase (CK),
Interleukin 1B (IL-1B), Interleukin-10 (IL-10), gastrocnemius caspase-3 and desmin expression and histopathological
damage score. Results: Garlic treatment caused significant decrease in W/D, serum CK, IL-13, caspase-3 expres-
sion and significant increase in IL-10 as well as desmin expression when compared to IR group. Garlic ameliorated
IR-induced histopathological damage and significantly reduced the apoptosis score. Better results obtained with
earlier administration before IR. Conclusion: Garlic protected against IR-induced skeletal muscle damage through
reducing inflammation, apoptosis score and elevating desmin expression. We recommend the earlier use of garlic
as prophylactic natural medicine in skeletal muscle IR.

Keywords: Ischemia reperfusion (IR), skeletal muscle, garlic, interleukin 1 (IL-1B), interleukin-10 (IL-10), creatine
kinase (CK), caspase 3, desmin

Introduction considered as an important cause of compart-

ment syndrome, morbidity and mortality [4].

Ischemia reperfusion injury is considered as
major clinical problem following acute coronary
occlusion, organ transplantation, septic condi-
tions and limb injury [1]. The damaging effect of
IR in skeletal muscle is far more severe com-
pared to other body tissues because of the
devastating systemic complication [2]. Severe
muscle exercise, crush injuries, compartment
syndrome, hypothermia or shock states are
among the most common causes of muscle
damage leading to leakage of creatine kinase
(CK), myoglobin, troponin and other enzymes
that are considered as serum markers of mus-
cle injury [3]. Muscle edema resulting from IR

Wet to dry weight ratio of the muscle is consid-
ered as good indicator of muscle edema [5].
Ischemia caused mitochondrial damage, pump
failure, electrolyte imbalance, disturbed enzy-
me activity, increased water inflow and cell
swelling [6]. Reperfusion caused retention of
reactive oxygen species, impaired function of
the endothelium, inflammation, release of cyto-
kines that promote cell damage and apoptosis
[7]. Oxidative stress promoted mitochondrial
damage, leakage of proteolytic enzymes, toxins
and apoptotic factors like caspase into the cell
ending in cell death [8]. Improper function of
desmin, a necessary protein for structural


http://www.ijppp.org

Garlic inhibits skeletal muscle ischemia reperfusion injury

integrity of the muscle, was associated with
abnormal mitochondrial distribution, number,
morphology and function [9].

Garlic had long been known historically as fla-
voring substance, traditional medicine and
food that improve health both physically and
mentally [10]. Previous studies reported that
garlic has protective effect against IR in various
organs including heart, brain, kidneys, liver and
lungs [11-15]. However, up to our knowledge,
the use of garlic in IR of skeletal muscle was
deficient. The goal of the current study is to test
the possible protective effect of garlic in rat
model of hind limb IR through measuring the
inflammatory cytokines, serum CK, desmin
expression, apoptosis and damage score.

Materials and methods
Chemicals and natural extract

Aqueous garlic extract prepared and given at
dose (500 mg/Kg IP); Urethane Cat. No. U
285-7 was purchased from Aldrich chemical
company, Inc. (Craftsmen in Chemistry Mil-
waukfe Wis 53233 USA); Creatine phosphoki-
nase (CK) Cat. No. MBSLR 10 purchased from
LAB-CARE DIAGNOSTICS (INDIA) (PVT. LTD. C1
Type, Shed No. 3225, Chemical Zone, GIDC
Sarigam, SARIGAM - 396 155 Dist. Valsad,
INDIA); Rat IL-1 beta ELISA kit, Cat. No.
K0331212 and Rat IL-10 ELISA Kit, Cat. No.
K0332134, both purchased from KOMA BIO-
TECH INC. (19F, IS BIZ Tower, Sunyudo Station
1cha, Yangpyeong-ro 21 gil 26, Yeongdeungpo-
gu, Seoul 07207, Korea); Primary antibody
against caspase-3 for immunohistochemistry
(rabbit polyclonal 1:200; ThermoFisher Scien-
tific, CPP32) and desmin (mouse monoclonal
1:200; Agilent Dako, clone D33).

Preparation of fresh aqueous garlic extract

Fifty grams of fresh garlic bulbs bought from
local grocery shop, peeled, cut, homogenized
with seventy ml normal saline for ten minutes in
a blender at thirty second bursts and filtered
three times through cheesecloth. The filtrate
centrifuged at two thousand round per minute
for ten minutes yielding clear supernatant that
was diluted to a hundred ml of normal saline
and stored at minus twenty degrees Celsius for
later use. This final concentration of garlic was

500 mg/ml based on the weight of the starting
material (50 g/100 ml) [16].

Animal grouping and experimental approach

Ethical approval: The protocol was approved by
the Local Experimental Ethical Committee at
Deanship of Scientific Research of Assiut Uni-
versity, Assiut, Egypt. The investigators un-
derstand the ethical principles that their work
complies with this animal ethics checklist. All
applicable international, national, and/or insti-
tutional guidelines for the care and use of ani-
mals were followed.

Animal groups: A total of fifty male Albino Wistar
rats (180-250 gm body weight) obtained from
Animal Core Facility, Faculty of Medicine, Assiut
University, Assiut, Egypt and kept for 1 week
before start of study for acclimatization.
Animals were kept in metal cages as three rats
per cage, allowed food and water ad libitum
under 12 hours light/dark cycle and tempera-
ture 25°C.

Rats were divided into three groups; control (C)
group ten animals; ischemia/reperfusion (IR)
group ten animals; ischemia/reperfusion and
garlic (G+IR) 30 animals. The last group subdi-
vided into three groups ten animals each;
(G1+IR), (G2+IR) and (G3+IR) as follows; C
group: served as control; IR group: animals
were subjected to 2 hours (hr) ischemia by
application of a rubber band tourniquet around
the groin of both hind limbs as high as possible
[16] followed by 2 hr reperfusion (2/2 hr IR);
G1+IR group: rats were injected I.P. by aqueous
garlic extract (500 mg/kg) 24 hours before
ischemia. Then, they were subjected to 2/2 hr
I/R using the same method of IR group; G2+IR
group: was injected I.P. by garlic extract (500
mg/kg) 30 minutes before ischemia. Then,
they were subjected to 2/2 hr IR using the
same method of IR group; G3+IR group: rats
were subjected to 2/2 hr IR using the same
method of IR group and were injected |.P. by
garlic extract (500 mg/kg) immediately before
reperfusion [18].

Anesthesia

All rats were anesthetized using urethane pre-
pared by dissolving the powder (25 gm dis-
solved in 100 ml distilled water) and injected
I.P. at a dose of 600 mg/kg before starting IR
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and maintained on anesthesia during the whole
period of the experiment [19].

Samples collection

At the end of the 2 hours reperfusion scarifica-
tion was done by cervical dislocation and blood
samples were collected in non-heparinized
tubes, left to clot at room temperature then
were centrifuged at 3000 rpm for 10 minutes,
sera were separated and divided into small ali-
quots and kept frozen at -20°C for further bio-
chemical analysis. The right gastrocnemius
muscles were dissected out from its origin and
insertion for wet/dry weight ratio. The left gas-
trocnemius muscle was dissected out, washed
three times in cold phosphate buffer saline
(PBS), and were kept in 10% formalin for further
histopathological and immunohistochemical
study processing.

Measurement of wet/dry weight ratio (W/D) of
muscle tissues

Gastrocnemius specimens were weighed im-
mediately after dissection to obtain the ‘wet’
weight then were dried in at 80°C ventilated
oven for 48 hr and reweighed again until reach-
ing constant weight to obtain ‘dry’ weight. The
W/D was then calculated to compare muscle
edema between the groups by using the follow-
ing equation: [(wet weight - dry weight)/wet
weight * 100] [5].

Estimation of serum creatine kinase (CK)

CK catalyzes the reaction between creatine
phosphate and ADP, giving creatine and ATP.
The ATP and glucose are converted to ADP and
glucose-6-phosphate by hexokinase. Glucose-
6-phosphate dehydrogenase (G-6-PHD) oxidiz-
es glucose-6-phosphate and reduces nicotin-
amide adenine dinucleotide (NAD) to NADH.
The rate of NADH formation is determined pho-
tometrically at 340 nm and is directly propor-
tional to the CK activity in the sample following
manufacturer instruction and using Auto Bio-
chemistry analyzer (Robonite Prietest-touch-
India).

Determination of serum inflammatory markers

Determination of serum proinflammatory inter-
leukin 1 beta (IL-1B) using rat IL-13 ELISA kit
and interleukin-10 (IL-10) using Rat IL-10 ELISA

Kit both from KOMA BIOTECH INC and following
manufacturer’s instruction. Absorbance was
read using Automated ELIZA plate reader
(Robonite-Readwell-India).

Histopathology and immunohistochemistry

Gastrocnemius muscle samples from four ani-
mals per group were fixed in 10% of neutral
buffered formalin. After proper fixation, the
specimens were dehydrated in aggraded series
of ethanol, cleared in xylene, embedded in
paraplast and sectioned at 5um thick sections.
Further processing of sections either for
Hematoxylin and Eosin (H&E) or immunohis-
tochemistry.

Immunohistochemistry

Sections were analyzed by immunohistochem-
istry for caspase-3 (rabbit polyclonal 1:200)
and desmin (mouse monoclonal 1:200). Briefly
after deparaffinization and hydration, endoge-
nous peroxidase blocked with 0.9% hydrogen
peroxide. Background blocking was performed
with normal goat and donkey serum. The tissue
sections were incubated with primary antibody
(caspase-3 and desmin) either overnight at 4°C
or one hour at room temperature in PBS (PH
7.4). The slides were washed with PBS followed
by incubation with biotinylated secondary anti-
body (goat anti-rabbit and donkey anti-mouse
1:2000 respectively) for 30 minutes at room
temperature. The detection system used was
avidin-biotin complex (ABC) staining kit. The
peroxidase activity was revealed in 0.03% 3,
3-diaminobenzidine tetra-dihydrochloride (DAB;
Sigma) that was used as a chromogen, rinsed
with tap water for 5 min, and counterstained
with 0.1% methylene blue. Negative controls
were prepared by incubating additional sec-
tions in all solutions except primary antibody.
Sections washed in water, dehydrated through
graded ethanol, cleared in xylene, and mount-
ed with DPX and photographed using light
microscope (Leica Q500MC).

Quantification of caspase 3 and desmin ex-
pression in different groups

Sections of gastrocnemeus muscle corre-
sponding to four animals from each group were
used for calculation. The average percentage of
immuno-stained area of myocyte cytoplasm for
caspase 3 or desmin calculated in 5 fields per
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Figure 1. Effect of garlic on wet to dry weight ratio
(W/D) of rat gastrocnemeus muscle in different
treated groups. C: control group; IR: ischemia reper-
fusion group; G1+IR: garlic given 24 hours before
IR; G2+IR: garlic given 30 minutes before IR; G3+IR:
garlic given immediately before reperfusion; One
Way ANOVA with Bonferroni posthoc test; “P<0.05,
P<0.01, ""P<0.001, ***P<0.001, *##P<0.001; (*)
significance difference of C group vs any other group;
(+) IR group vs garlic treated groups; (#) G3+IR vs
G1+IR or G2+IR; n=10 in each group.

rat (20 fields per group) using image J software
and expressed as percentages in relation to
the non-stained area.

Histopathology

Sections were stained with Hematoxylin and
Eosin (H&E) for demonstration of the general
histological structure of the examined gastroc-
nemius muscle and examined with a light
microscope (Leica Q500MC). The histologic
damage in each muscle sample was evaluated
quantitatively in eight fields per rat and four
rats per group using the following parameters;
muscle fiber degeneration, inflammatory cell
infiltration, hemorrhage, disorganization and
intermuscular spaces (0 as normal; 1 as mild; 2
as moderate; and 3 as severe). Total damage
score was estimated by summation [20].

Statistical analysis

GraphPad Prism 6.07 (GraphPad Software Inc.,
La Jolla, CA, USA) was used for data analysis.
Data were presented as mean + SD. Data were
compared among the three groups using One
Way ANOVA Non-Parametric with Bonferroni
Multiple Comparison as post hoc test as appro-
priate. A (P) value of less than 0.05 was consid-
ered to represent a statistically significant dif-
ference. The average percent of immuno-posi-

tive cells is calculated using Image J (1J-1.46r
software).

Results

Effect of garlic on wet to dry weight ratio (W/D)
of gastrocnemius muscle in hind limb isch-
emia reperfusion

The current work showed that I/R caused sig-
nificant increase in W/D of rat gastrocnemius
muscle in IR group when compared to C group
(81.53 £ 0.68% vs 76.64 + 0.26%, P<0.001).
Garlic caused significant decrease in W/D when
given 24 hrs (G1+IR; 77.42 £ 0.57% P<0.001)
and 30 min. (G2+IR; 77.77 + 0.94%, P<0.001)
before I/R in comparison with IR group.
However, garlic failed to significantly decrease
the W/D weight ratio when given immediately
before IR (G3+IR; 81.34 + 0.22%, P>0.05)
when compared to IR. We found significant
decrease in W/D weight ratio in G1+IR and
G2+IR groups when compared with G3+IR
group. However, there was insignificant differ-
ence in W/D weight ratio between G1+IR and
G2+IR (Figure 1).

Effect of garlic on serum creatine kinase (CK)
level in hind limb ischemia reperfusion

The curent study demonstrated significant
increase of serum CK level in IR group (925.5 +
73.15 1U/L, P<0.001) when compared to that of
C group (46.50 + 4.403 1U/L). Garlic adminis-
tration caused significant decrease in serum
CK level when administered 24 hr and 30 min
before IR in G1+IR group (273.3 + 47.24 1U/L,
P<0.001) and G2+IR group (546.3 + 60.49
IU/L, P<0.001) respectively in comparison with
IR group. Garlic caused insignificant difference
in serum CK in G3+IR group (884.9 + 81.49
IU/L, P>0.05) when compared to IR group.
There were significant decrease in serum CK in
G1+IR and G2+IR when compared to G3+IR
(P<0.001). Moreover, there was a significant
decrease in serum CK level in G1+IR when com-
pared with G2+IR group (P<0.001) (Figure 2).

Effect of garlic on serum inflammatory cyto-
kines in hind limb ischemia reperfusion (IR)

Effect of garlic on serum interleukinl beta (IL-
1B) in the studied groups: The current study
demonstrated significant increase of IL-13 in IR
group (191.2 + 6.73 IU/L, P<0.001) when com-
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Figure 2. Effect of garlic on serum creatine kinase
(CK) in the studied groups. C: control group; IR: isch-
emia reperfusion group; G1+IR: garlic given 24 hours
before IR; G2+IR: garlic given 30 minutes before re-
perfusion; G3+IR: garlic given immediately before
IR; CK: creatine kinase; IU/L: international unit per
liter; One Way ANOVA with Bonferroni posthoc test;
“*P<0.001, **P<0.001, ##P<0.001, #¢P<0.001; (*)
significance difference of C group vs any other group;
(+) IR group vs garlic treated groups; (#) G3+IR vs
G1+IR or G2+IR; (&) P value of G2+IR vs G1+IR; n =
10 in each group.

pared to that of C group (45.60 + 1.78 IU/L).
Garlic administration caused significant de-
crease of IL-13 when injected 24 hr before IR in
G1+IR group (89.80 + 4.49 IU/L, P<0.001), 30
min before IR in G2+IR group (153.2 + 6.29
IU/L, P<0.001) and immediately before the
reperfusion in G3+IR group (184.2 + 4.42 |U/L,
P<0.05) when compared to IR group. There
were significant decrease in serum IL-13 level in
G1+IR and G2+IR when compared to G3+IR
(P<0.001). Moreover, there was a significant
decrease in serum IL-1B level in G1+IR when
compared with G2+IR (P<0.001) (Figure 3A).

Effect of garlic on serum interleukin10 (IL-10)
in the studied groups

The results of the current study showed signifi-
cant rise of serum IL-10 level in IR group (65.90
+ 3.07 1U/L, P<0.001) when compared to that
of C group (31.40 + 3.06 IU/L). Further signifi-
cant rise in IL-10 with administration of garlic in
G1+IR group (129.0 + 8.52 1U/L, P<0.001) and
G2+IR group (112.7 + 4.00 IU/L, P<0.001) if
compared with IR group. Insignificant differ-
ence in IL-10 was found in G3+IR group (68.40
+ 2.07 IU/L, P>0.05) when compared with IR
group. There were significant increase in serum
IL-10 level in G1+IR and G2+IR when compared

to G3+IR (P<0.001). Moreover, there was a sig-
nificant increase in serum IL-10 level in G1+IR
when compared with G2+IR (P<0.001) (Figure
3B).

Effect of garlic on caspase-3 expression in
hind limb ischemia reperfusion (IR)

Sections of the control group showed no detect-
able immunoreactivity for activated caspase-3
in the gastrocnemius muscle sections (Figure
4A). In contrast, caspase-3 immunoreactivity
was very strongly apparent in the cytoplasm of
gastrocnemius muscle sections from IR group
(Figure 4B). The garlic treated groups showed
positive immunoreactivity for caspase-3 with
different degrees (Figure 4C-E); weak in G1+IR
group (Figure 4C), moderate in G2+IR group
(Figure 4D) and strong in G3+IR group (Figure
4E).

Quantification of mean caspase 3 expression
(apoptosis score) in studied groups

The current work demonstrated significant
increase in the mean density of caspase 3
immunostaining in IR group (64.49 + 2.87;
P<0.001) compared to control (19.68 + 4.49).
Garlic administration caused signifcant de-
crease in caspase 3 immunostaining in G1+IR
(35.91 + 3.35, P<0.001), G2+IR (45.57 + 3.45,
P<0.001) and G3+IR (60.82 + 3.24, P<0.001)
compared to IR group. There was significant dif-
ference between GI1+IR compared to both
G2+IR and G3+IR groups (P<0.001). Moreover,
we found significant difference between G2+IR
and G3+IR (P<0.001) (Figure 4F).

Effect of garlic on desmin expression in hind
limb ischemia reperfusion (IR)

A strong desmin expression was observed in
the gastrocnemius muscle in the control group
(Figure 5A). In contrast, IR group showed weak
or no desmin immunoreaction with loss of lat-
eral alignment of myofibrils and nuclear dis-
placement in desmin-negative areas (Figure
5B). Garlic treated groups showed positive
immunostaining with varying degrees. (Figure
5C-E); strong in G1+IR group with almost nor-
mal alignment of skeletal muscle fibers with
visible striations and multiple elongated periph-
eral nuclei (Figure 5C), moderate in G2+IR
group with better striations, better alignment of
myofibrils and peripherally located nuclei
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Figure 3. Effect of garlic on serum interleukinl beta (IL-1B) (A) and inter-
leukin 10 (IL-10) (B) in the studied groups. C: control group; IR: ischemia
reperfusion group; G1+IR: garlic given 24 hours before IR; G2+IR: garlic
given 30 minutes before IR; G3+IR: garlic given immediately before reperfu-
sion; IL-1B: Interleukin-1 beta; pg/ml: picogram per milliliter; One Way ANOVA
and Bonferroni posthoc test; *"P<0.001, *P<0.05, ***P<0.001, ##P<0.001,
&&p<(0.001; (*) significance difference of C group vs any other group; (+) IR
group vs garlic treated groups; (#) G3+IR vs G1+IR or G2+IR; (&) G2+IR vs
G1+IR; n=10 in each group.

Figure 4. Photomicrographs of caspase-3 immunostaining of rat gastroc-
nemius muscle (A-E); Apoptosis score (F). (A) Control group; (B) IR group;
(C) G1+IR group; (D) G2+IR group; (E) G3+IR group; (F) Mean area immu-
nostained with caspase 3 + SD; C: control group; IR: ischemia reperfusion;
G1+IR: garlic given 24 hours before IR; G2+IR: garlic given 30 minutes be-
fore IR; G3+IR: garlic given immediaty before reperfusion; One Way ANOVA
and Bonferroni posthoc test; "*“P<0.001, *P<0.05, ***P<0.001, #**#P<0.001,
&&&p<(0.001; (*) significance difference of C group vs any other group; (+) IR
group vs garlic treated groups; (#) G3+IR vs G1+IR or G2+IR; (&) G2+IR vs
G1+IR; Original magnification 40X; n=4 in each group.

(Figure 5D) and weak in G3+IR
group with loss of lateral align-
ment of myofibrils and nuclear
displacement in desmin-nega-
tive areas (Figure 5E).

Quantification of mean des-
min expression of gastroc-
nemius muscle of studied
groups

Strong immunostaining of de-
smin observed in skeletal mu-
scle of control group. Sig-
nificant decrease in desmin
expression denoted by mar-
ked decrease in immunostain-
ing of cytoplasm of IR group
(12.62 + 3.68; P<0.001) com-
pared to C group (55.35 *
5.43). Significant increase in
desmin immunostaining obs-
erved in G1+IR group with
mean density (44.00 £ 3.21,
P<0.001), G2+IR group with
mean density (33.04 + 3.43,
P<0.001) and G3+IR group
with mean density (16.80
5.23, P<0.01) compared to IR
group. Significant difference
between G1+IR and G2+IR
was found (P<0.001). More-
over, significant difference
was found in G1+IR or G2+IR if
compared to G3+IR (P<0.001)
(Figure 5F).

Effect of garlic on gastrocne-
meus muscle histopatholgy in
hind limb ischemia reperfu-
sion (IR)

Longitudinal sections of C
group showed normal muscle
architecture; long striated mu-
scle fibers with numerous el-
ongated peripheral nuclei, in-
tact sarcolemma, non-fragme-
nted sarcoplasm and fine con-
nective tissue between mus-
cle fibers (Figure 6A). IR group
showed structural disorgani-
zation; wavy myofibrils, loss of
striation, fragmentation of sar-
coplasm, inflammatory cell in-
filtration, hemorrhage and wi-
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Mean area %

Figure 5. Photomicrographs of desmin immunostaining of rat gastrocne-
mius muscle. (A-E) Longitudinal muscle sections; (F) Mean desmin immu-
nostained area in the studied groups; (A) Control group showing: strong des-
min expression (arrow head) and apparent striations; (B) IR group showing
weak or no expression (bifid arrow), loss of lateral alignment of myofibrils
and nuclear displacement (thick arrow) in desmin-negative areas; (C-E) Rats
treated with garlic plus IR, (C) G1+IR showing: increased desmin expres-
sion (arrow head), almost normal alignment of skeletal muscle fibers with
visible striations (thick arrow) with multiple elongated peripheral nuclei
(thin arrow); (D) G2+IR showing increased desmin expression with better
striations (asterisk), better alignment of myofibrils (thin arrows), peripher-
ally located nuclei (lightening bolt); (E) G3+IR showing areas weak or no
expression (bifid arrow), loss of lateral alignment of myofibrils and myocytes
and nuclear displacement (thick arrow) in desmin-negative areas; (F) Mean
area * SD; C: control group; IR: ischemia reperfusion group; G1+IR: garlic
given 24 hours before IR; G2+IR: garlic given 30 minutes before IR; G3+IR:
garlic given immediately before reperfusion; One Way ANOVA and Bonferroni
posthoc test; “*P<0.001, *P<0.05, **P<0.001, *##P<0.001, ¥&P<0.001; (*)
significance difference of C group vs any other group; (+) IR group vs garlic
treated groups; (#) G3+IR vs G1+IR or G2+IR; (&) G2+IR vs G1+IR; original
magnification 40X; n=4 in each group.

(Table 1; Figure 6C). However,
garlic administration half an
hour before ischemia (G2+IR)
and immediately before the
reperfusion (G3+IR) showed
less improvement compared
to G1+IR group. G2+IR group
showed slight narrowing of
intercellular spaces between
the muscle fibers, lower in-
flammatory cells and hemor-
rhage than both IR and imme-
diately garlic treatment group
(Table 1; Figure 6D). G3+IR
group showed wide intercellu-
lar spaces between the mus-
cle fibers, degeneration, hem-
orrhage and high inflammato-
ry cells infiltration (Table 1,
Figure GE).

The histopathological total
damage score of gastroc-

nemius muscle in studied

groups

We found significant higher
total damage score in IR group
when compared to C group
(P<0.001). Garlic administra-
tion caused significant im-
provement in total damage
score of GI1+IR group (P<
0.001) and G2+IR group
(P<0.001) and G3+IR (P<0.05)
if compared to IR group. Total
damage score was significant-
ly higher in G3+IR (P<0.001)
and G2+IR (P<0.01) compared
to G1+IR (Figure 6F).

Discussion

Garlic has many beneficial
effects on health and protect
against a variety of diseases.
Up to our knowledge, garlic

de separation between the muscle fibers (Table
1; Figure 6B). Garlic administration 24 hrs
before ischemia reperfusion (G1+IR) caused
marked improvement of the skeletal muscle
architecture with visible striations, multiple
elongated peripheral nuclei, almost normal
appearance of intercellular spaces, less inflam-
matory cellular infiltration and less hemorrhage

effects on skeletal muscle IR and possible
pathophysiological mechanisms involved have
not yet been evident. Therefore, understanding
those mechanisms may provide a novel preven-
tive as well as therapeutic opportunities. The
present study demonstrated significant rise
in W/D of gastrocnemius muscle in IR group
compared to their controls. Previous studies
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Groups c IR G1+IR G2+IR G3+IR
Deg 0.09 + 0.39 2.38 +0.87 0.47 + 0.51 1.50 + 0.80 2.06 +0.95
P value Hokk et R bbh Q&K KRK, Q& #
Inf 0.03 +0.18 216+ 0.77 1.16 + 0.63 1.53 + 0.67 2.00 +0.78
P value *k* *hKk ot KRR ot *rk Q&K
Hem 0.06 + 0.35 156+113  0.75+0.76 0.97 + 0.74 1.50 + 0.76
P value * kK *X 4t KEE kK &&
Dis 0.09 + 0.30 241+0.80  0.50+0.57 1.72+0.73 2.06 + 0.91
P value *ox +t TEE bt QY Rk QY
Spaces 0.06 + 0.25 2.03+0.90  0.41+0.56 1.00 + 0.98 1.50 + 1.05
P value ok +Ht *RE bt & *EE Q&Y
DS 0.33 +1.47 10.54 + 447  329+3.03  6.72+4.38 7.78 + 4.6
P value *xk * bt REK bt Q& REKR 4, Q& i

Data represent means + standard deviation; Deg: degeneration; Inf: inflammatory cell infiltrate; Hem: hemorrhage; Dis:
disorganization; Spaces: inbetween myofilaments; TDS: total damage score; C: control group; IR: ischemia reperfusion group;
G1+IR: garlic administration 24 hours before IR; G2+IR: garlic administration 30 minutes before IR; G3+IR: garlic adminis-
tration immediately before reperfusion; (0= No; 1= mild; 2= moderate; 3= severe); ANOVA and Bonferroni posthoc test; *:
P<0.05; **: P<0.01; ***: P<0.001 significant difference versus C group; +: P<0.05; ++: P<0.01; +++: P<0.001 significant
difference versus IR group; &: P<0.05; &&: P<0.01; &&&: P<0.001 significant difference versus G1+IR group; #: P<0.05; ###:
P<0.001 significant difference versus G2+IR group; n=4 in each group; damage score evaluated from 8 visual fields from each

rat.

showed that exposure to 3/2 hr IR [21] or 2/24
hr IR [22] caused significant rise in W/D of rat
gastrocnemius muscle. The current work
showed that garlic extract administration suc-
ceeded to reduce gastrocnemius W/D in G1+IR
and G2+IR compared to IR group. In agreement
with this result, previous study demonstrated
that administration of allicin decreased W/D in
rat lung injected by lipopolysaccharide [23].
The IR-induced rise in W/D was attributed to
lipid peroxidation, loss of vascular integrity,
increased vascular permeaility leading to
edema of the skeletal muscle that was further
proved by the histopathology of the muscle
[24]. We demonestrated that garlic administra-
tion especially 24 hr and 30 min before IR sig-
nificantly reduced in myofibril degeneration,
inflammatory cellular infiltration, hemorrhage,
disorganization and space between myofibrils
indicating reduced edema. Taken together, we
may speculate that garlic significantly reduced
edema through maintaining vascular, myofi-
bril integrity and reduced local muscle
inflammation.

The current work showed significant rise in
serum total CK level after 2/2 hr IR compared
to their controls. In line with us, previous stud-
ies demonstrated significant rise of total serum
CK levels induced by IR of skeletal muscle [21,
22,25, 26]. Those studies used different thera-

peutic methods that protect against IR-induced
inflammatory muscle injury and rise in serum
CK such as salvianolic acid; colchicine; iloprost
plus antioxidant N-acetyl cysteine and tramad-
ol respectively. This study demonstrated the
protective effect of garlic against skeletal mus-
cle IR-induced rise of serum CK when adminis-
trered 24 hours and 30 minutes before the
reperfusion. In line with us, previous studies
reported that garlic administration at 250 mg/
Kg orally for 30 days before IR alone [27] or
with preconditioning [28], or with Ramipril,
hypotensive drug, caused significant decease
in serum CK and protected the myocardium
against IR [29].

The present study showed that IR of the hind
limbs caused significant rise in serum IL-10.
This result is supported by previous studies
who found rise of IL-1[ in rat model of skeletal
muscle IR [24, 25]. In the present work, garlic
counterbalances the IR-induced elevation of
IL-1B. In line with this result, one study reported
that treatment with garlic was beneficial to spi-
nal cord IR by reducing oxidative stress, IL-1
and TNF-a [30]. In addition, another study dem-
onstrated higher anti-inflammatory effect of
fresh raw aqueous compared to aged black gar-
lic extract [31]. They reported decreased IL-10,
IL-6, nitric oxide and prostaglandin E2 levels
in lipopolysaccharide-induced inflammation of

133 Int J Physiol Pathophysiol Pharmacol 2019;11(4):126-137



Garlic inhibits skeletal muscle ischemia reperfusion injury

& & & g
Ve ¢ &

Figure 6. Photomicrographs of longitudinal sections of rat gastrocnemius
muscle (A-E) and total damage score (F). (A) Control group; (B) IR group; (C)
G1+IR group; (D) G2+IR group; (E) G3+IR group; nuclei (large arrow head),
intercellular spaces (asterisk), loss of striation and degenerative areas of
muscle fiber (circle), inflammatory cells infiltrations (small arrow head) and
hemorrhage between the muscle fibers (arrow); (F) Total damage score *
SD; C: control group; IR: ischemia reperfusion; G1+IR: garlic given 24 hours
before IR; G2+IR: garlic given 30 minutes before IR; G3+IR: garlic given im-
mediaty before reperfusion; One Way ANOVA and Bonferroni posthoc test;
“P<0.05, ""P<0.001, *P<0.05, ***P<0.001, *##P<0.001, ¥P<0.01; (*) signif-
icance difference of C group vs any other group; (+) IR group vs garlic treated
groups; (#) G3+IR vs G1+IR; (&) G2+IR vs G1+IR; H&E original magnification
40X; n=4 in each group.

model of limb IR [33] and myo-
cardial IR [34] and renal IR
[35]. We found that garlic
enhanced the rise of serum
IL-10 level in G1+IR and G2+IR
groups compared to control
and IR groups. In agreement
with this result, previous study
showed rise of IL-10 induced
by one month of garlic admin-
istration in rat model of renal
IR [13]. Moreover, aged garlic
extract [AGE] upregulated
IL-10 in peripheral blood mo-
nocytes which in turn caused
down regulation of proinflam-
matory cytokines IL-13 and
IL-12 by negative feedback
mechanism in murine model
of sporotrichosis [36]. Fur-
thermore, garlic inhibited T
helper cells causing decreased
TNF-q, IL-6, IL-8 and IL-13 and
increased IL-10 production in
inflammatory bowel disease
[37]. Taken together, we may
speculate that garlic adminis-
tration induced rise of IL-10 in
skeletal muscle IR that may
have inhibitory effect on IL-13
production thus reducing in-
flammation and helping re-
covery.

In the current study, we found
that the expression of cas-
pase-3 was significantly in-
creased in gastrocnemius mu-
scle of IR group compared to
controls. This result is sup-
ported by previous studies

RAW264.7 cell culture. It was reported that
hind limb IR not only locally affect skeletal mus-
cle but also affect distant organs such as liver
evidenced by increase in biomarker levels and
histological changes of liver tissue [32]. Th-
erefore, we suggest that garlic-induced reduc-
tion of IL-1B may block the systemic complica-
tion following hind limb IR.

The present work showed significant elevation
of IL-10 serum level after exposure of the rat to
IR. In agreement with us, several previous stud-
ies found significant elevation of IL-10 in rat

who reported significant rise in caspase-3 and
apoptosis score induced by skeletal muscle IR
[20, 24, 30]. We demonstrated that administra-
tion of garlic significantly decreased caspase-3
expression and improved gastrocnemius apop-
tosis score in garlic treated groups compared
to IR group. In line with this result, recent study
found that treatment with aged garlic extract
orally 15 days before the spinal cord IR was
enough to reduce caspase-3 [30]. Another
study showed that allicin administration attenu-
ated lung, kidney and intestine IR-induced
damage and apoptosis via decrease the p38
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mitogen-activated protein kinase signal trans-
duction pathway [38]. In addition, it was report-
ed that allicin administration at the beginning
of reperfusion improved pulmonary blood flow
and inhibited apoptosis [15]. In contrast, it was
reported that allicin induced apoptosis in sev-
eral tumor cell lines [39]. It was found that high
concentration of allicin induced apoptosis while
low concentration was organ protective and
exerted anti-apoptotic, anti-caspase-3 effects
[40, 41]. The apparent contradiction in the pre-
vious studies may be explained on the base of
the different concentration used or being in
vivo or in vitro tissue culture studies.

The present study showed degeneration, disor-
ganization of the myofibril, wide spaces bet-
ween myofibrils indicating edema, inflammato-
ry cell infiltration and hemorrhage in IR group.
In agreement with our study, several previous
histopathological studies confirmed myofibril
structural damage induced by IR [20, 21, 24].
Desmin, the largest intermediate filament
located near Z bands, is important for mainte-
nance of myocyte structure, chemical signaling
and effective force transmission [42]. We found
significant reduction in desmin expression in IR
group compared to control group. In agreement
with us, previous studies showed significant
decrease in desmin expression in myocardial IR
model [43]. In the current study garlic signifi-
cantly increased desmin expression in all stud-
ied groups compared IR group. However, admin-
istration of garlic 24 hr before IR was more
effective in increasing desmin expression com-
pared to 30 min before IR orimmediately before
reperfusion. Moreover, we found that garlic
administration protected against IR-induced
muscle degeneration, disorganization, edema,
inflammatory cell infiltration and hemorrhage
particularly in G1+IR group. It caused signifi-
cant reduction in total damage score in all the
three studied groups compared to IR group.
Significant difference between the three groups
observed that was in favor of earlier treatment
with garlic. In line with us, it was demonstrated
that chronic garlic treatment protected against
oxidative stress, mitochondria damage, disrup-
tion of Z bands, reduced focal loss of myofibrils,
edema and inflammation in rat model of myo-
cardial IR [44]. Most previous studies that used
garlic in rodent models of IR reported reduced
edema, congestion, hemorrhage in other tis-
sues such as spinal cord [30], renal [18], cere-

bral [45] and hepatic tissues [46]. Taken
together, we may suggest that prophylactic
administration of garlic-induced upregulation
of desmin expression, downregulation of cas-
pase expression, reduced inflammatory chang-
es and edema that played an important role in
keeping structural integrity of SKM myofibrils.

Conclusion

The present study showed that garlic treatment
24 hours and half an hour before IR significant-
ly decreased W/D weight ratio, serum CK, IL-13
and significantly increased IL-10 when com-
pared to IR group. Moreover, prophylactic garlic
treatment ameliorated the IR-induced histo-
pathological damage to various degrees, sig-
nificantly elevated desmin expression and
reduced apoptosis score. We suggested that
prophylactic garlic treatment provide novel way
to protect against local and systemic complica-
tion IR of the skeletal muscle. We recommend
the earlier administration of garlic to give the
optimum results in expected limb injury wheth-
er accidental or surgical.
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