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Long-term cinnamon consumption improves postoperative
recovery of liver resection surgery in aged rats
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Abstract

Introduction: Aging is associated with organ function failure and affects medical/surgical treatments. Free radicals are
considered among the most common causes of senescence. Liver damage frequently occurs as a result of aging. Cinnamon
(Cinnamomum zeylanicum) is one of the well-known spices in the world with antioxidant and hepatoprotective effects.
The aim of this study was to evaluate the effect of cinnamon consumption on recovery from partial hepatectomy.

Methods: This experimental study was conducted on 32 male Sprague-Dawley rats (12 weeks old) randomly divided into
two equal groups of experimental and control. The experimental group received a diet with cinnamon (1% by weight) for
45 weeks, while the control group had a normal diet. Both groups were subjected to partial hepatectomy (30% of the total
liver weight) after 45 weeks. Blood collection and weighting were performed prior to hepatectomy, as well as 2, 10, and
28 days after the operation. The concentrations of nitric oxide metabolites (NOx), malondialdehyde (MDA), insulin, and
glucose were assayed in the serum. Kruskal Wallis and Mann-Whitney tests were used to compare the mean values
between the experimental groups. All analyses were performed in GraphPad Prism software (version 5) at a significance
level of < 0.05.

Results: The results showed that cinnamon consumption prevented postoperative weight loss. Furthermore, cinnamon
significantly lowered serum MDA concentration 48 h after hepatectomy. It also significantly decreased weight loss due to
partial hepatectomy on the 2" day of the surgery. Furthermore, there was a significant increase in serum NOx level
following cinnamon consumption on the 2" and 28t days of the surgery. However, cinnamon had no effect on serum
glucose and insulin concentrations.

Conclusions: As the findings indicated, cinnamon improved postoperative outcomes after hepatic resection in rats by
attenuating oxidative stress and nitric oxide content. Therefore, this spice might be considered a useful dietary
recommendation for elderly patients with hepatic resection.
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and reactive oxygen species [ROS]), as well as the
decline of antioxidant enzyme levels (1). The liver

Aging is triggered by adverse systemic reactions is known for its complex physiology and rapid
that take place as a result of the elevation of regenerative potential. This organ has a wide range
inﬂammatory markers (e.g.’ cytokines’ chemokine, of activities, including detoxification, protein
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synthesis, and production of compounds, which are
required for the digestion process. Age-related
changes in hepatic structure may significantly
affect liver morphology, as well as its physiology
and oxidative capacity (2).

Oxidative stress plays a negative role in all
forms of major surgeries by deteriorating the
surgical outcomes and recovery (3). Regarding this,
the control of oxidative stress is a vital measure for
convenient recovery following the implementation
of major surgical procedures (4), including liver
resection (5). Various therapeutic strategies with
different degrees of efficiency have been utilized
for reducing oxidative stress in surgery (6). An
important technical part during liver resection is
vascular inflow occlusion, which can be
accomplished by the placement of a tourniquet
around the portal vein or hepatic artery branches.
This measure reduces blood loss, which reportedly
increases postoperative morbidity and mortality as
a result of the activation of oxidative stress
signaling pathways (7). Furthermore, in this
condition, large quantities of nitric oxide (NO) are
generated due to the activation of inducible nitric
oxide synthase (iNOS), which, in turn, facilitates the
achievement of better outcomes. However, this
may sometimes worsen the condition (8).

Cinnamon (Cinnamomum zeylanicum) is an
herb that has been used for medical purposes for a
long time. The dried skin powder of this herb is
used as a spice and flavoring agent in various
foods, pastries, and cakes (9). Cinnamon is a rich
source of cinnamic acid, cinnamaldehyde, cinnamyl
alcohol, linalool, safrole, lebmonone, tannin,
coumarin, flandrenone, mannitol, and a variety of
flavonoids, including chalcone (10). In a clinical
trial, Askari et al. revealed that cinnamon can
significantly contribute to the reduction of fasting
blood sugar, total cholesterol, triglycerides, alanine
aminotransferase, aspartate aminotransferase,
gamma glutamine transpeptidase, and C-reactive
protein (11).

The results of a similar study showed that
cinnamon bark extract powder can improve blood
glucose and insulin indices via increasing the rate
of glucose uptake by various body cells and
lowering the oxidative stress levels (12).
Flavonoids present in cinnamon have been
revealed to be responsible for the antioxidant
properties of this herb (13). Flavonoids are
claimed to have protective effects against free
radicals, inducing the lipid peroxidation ofliving
cell membranes (14). Based on the evidence, both
surgery and aging are associated with impaired
oxidative balance. Regarding this, the present
study was conducted to investigate the effect of
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cinnamon, as a hepatoprotective agent improving
oxidative/nitrosative stress, on recovery from liver
resection surgery in old Sprague-Dawley rats.

Methods

2-1. Animals and diet

For the purpose of the study, 32 male Sprague-
Dawley rats aged 12 weeks were purchased from
the Research Center of Experimental Medicine,
Birjand University of Medical Sciences (BUMS),
Birjand, Iran. The animals were kept in
appropriate laboratory conditions with 12:12 h
light:dark cycle at 24°C, with free access to water
and food. The experiment was performed
according to the standard ethical guidelines for
animal experimentation. Furthermore, the study
was approved by the Institutional Ethics
Committee of BUMS (No. IR-BUMS.REC:1397.195).

The rats were randomly divided into two equal
groups of control and cinnamon. The animals in the
control group were subjected to a standard
laboratory animal diet (Javaneh Khorasan, Iran).
On the other hand, the experimental rats were
treated with a cinnamon-enriched diet 1% (w/w)
for 45 weeks. Cinnamon (1% by weight w/w) was
added to the rat food that was purchased from the
Javaneh Khorasan Company, Mashhad, Iran. The
cinnamon concentration was determined with
respect to the maximum allowable dose of
cinnamon in human (15) and the maximum
cinnamon dose measured for rats (16). In case of
animal death, the same rat was replaced.

Four rats from each group were subjected to
blood collection, while the remaining 12 cases
were subjected to the left hepatic lobe dissection
(30% of the liver weight was removed) at 57
weeks old. The rats were also weighed before liver
resection, as well as after this procedure at three
time points, namely the 2rd, 10t, and 28t days of
the surgery. The design of the study is illustrated in
Figure 1.

Liver resection was carried out in accordance
with Higgins methodology for hepatectomy with
some modifications (17). In order to perform this
procedure, the rats were anesthetized with
pentobarbital (60 mg/kg). The surgery was carried
out at 9-12 a.m. under aseptic conditions. During
the liver resection, the rats were subjected to
transverse abdominal incision in a supine position
to facilitate access to the liver. The base of the left
anterior hepatic lobe (Figure 2) was first ligated
and then dissected (30% of the liver was removed).
Subsequently, the hepatic tissue was dissected
from the areas between the coronary ligaments, as
well as the middle, left lobe and gastrohepatic
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32 rats 12 weeks

[ Control groups (16 rats) ]

4 rats no surgery

12 rat partial
hepatectomy (PH)

digestion of regular/cinnamon 1% diet for 45 weeks

N

[Cinnamon group (16 rats) J

12 rat partial
hepatectomy (PH)

[ 4 ratsin POD 2: follow up surgery 4h hours after PH ] [ 4 rats in POD 2: follow up surgery 4h hours after PH

[ 4 rats in POD 10: follow up surgery 10 days after PH J

[ 4 ratsin POD 28: follow up surgery 28 days after PH } [ 4 rats in POD 28: follow up surgery 28 days after PH

[ 4 rats in POD 10: follow up surgery 10 days after PH ]

Figure 1: Flowchart of study design
PH: partial hepatectomy, POD: postoperative day

ML: 38% LAL: 30% *
AP: 12%
RA: 10% [o:a |

Figure 2: Anatomy of the liver in rats
ML: middle lobe, LAL: left anterior lobe, RA: right
anterior lobe, RP: right posterior lobe, OL: omental lobe

parts, which remained intact.

Liver resection was carried out with great care
to avoid any damage to the liver tissue. Once the
base of the left anterior lobe was shut off by a
ligature, the liver was restored to its presurgical
anatomic position to avoid the suction of blood
from the portalvein. When the ligature was
knitted, and the resection was accomplished, the
remaining parts of the hepatic parenchyma was
carefully checked for clear blood and lack of
congestion to make sure that the ligature did not
stand too low and would not cause any partial
obstruction in one of the main hepatic veins or
even in the inferior vena cava. The abdomen
incision was closed using a two-layer closure with
stitches of 0.4 nylon sutures.

After the surgery, the rats were orally fed with
ibuprofen (30 mg/kg) using a gavage (18) and then
transferred to a transparent box. They were kept
under a heating lamp until complete recovery from
anesthesia. During this period, the animals were
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cared for by the direct observation of the
researcher. In the next step, four hepatectomized
rats in each group were selected on the 2nd, 10t
and 28t days postoperation. Their blood samples
were collected from the heart under anesthesia
with sodium pentobarbital (60 mg/kg). The blood
samples were then centrifuged at 5,000 rpm for 10
min at 4°C to obtain serum. The collected sera were
stored at -20°C for further assessment.

2-2. Serum biochemical measurement
2-2-1. Serum nitrate/nitrite measurement

Serum concentrations of NOx were measured
by the Griess reaction as previously described (19).
In brief, serum samples were deproteinized by zinc
sulfate (15 mg/mL) and centrifuged at 10,000 g for
10 min. The NOx concentration was established
based on the standard curve (constructed 0-80
pumol sodium nitrate).

2-2-2. Measurement of serum malondialdehyde
The levels of thiobarbituric acid (TBA)-reactive
substances as the byproduct of lipid peroxidation
were determined in the collected sera based on
reaction with TBA. The samples were incubated
with TBA and phosphoric acid for 30 min at 90-
100°C. After the addition of methanol, the mixture
was vigorously shaken. The absorbance of
the resultant pink product was measured
spectrophotometrically at 535 nm (20).

2-2-3. Other biochemical assays

The measurement of the insulin level was
accomplished using the ELIZA kit (Insulin;
Mercodia, Sweden). In addition, the serum glucose
level was assayed by the glucose oxidase method
(Pars Azemun Co., Iran).
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2-3. Statistical analysis

Nonparametric Kruskal-Wallis and Mann-
Whitney U tests were used to compare the mean
values between the experimental groups. In all the
tests, a p-value less than was considered
statistically significant. All analyses were performed
in GraphPad Prism software (version 5).

Results

Throughout the study, all animals remained
alive without any fatality. Initial body weight was
comparable among the investigated animals
(220+15 g).

3-1. Restoration of postoperative weight loss
after cinnamon consumption

The liver resection was performed under an
aseptic condition. The intra- and inter-group
comparison of the postoperative body weight with
the preoperative value in each time point (i.e., 2,
10, and 28 days after the surgery) was indicative of
a change in body weight following the surgery. In
this regard, the body weight was decreased in the
control and experimental groups on the 2nd day of
the operation. However, this reduction was more
significant in the experimental group, compared to
that in the control group. For instance, the rate of
weight loss in the control group was estimated at
10% in comparison to 5% in the experimental
group 2 days after liver resection (Figure 3).

3-2. Attenuation of systemic oxidative stress as a
result of plasma malondialdehyde decrement
induced by cinnamon

The serum malondialdehyde (MDA; as a
peroxidation index) was measured in the
experimental group. Based on the results, the
consumption of cinnamon for 45 weeks led to the
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improvement of the oxidative condition. In
addition, liver resection raised oxidative stress in
the control group, compared to that in the
experimental group. In addition, the cinnamon-
treated rats exhibited a significant decrease in the
MDA level on the 2nd day of liver resection (P<0.05;
Table 1). Cinnamon induced antioxidant activities
within a short time after the surgery, thereby
contributing to postoperative recovery.

3-3. Elevation of postoperative plasma
nitrite/nitrate (%control) and decline of basal
plasma nitrite/nitrate following cinnamon
consumption

As the results indicated, long-term cinnamon
ingestion reduced the concentration of serum NO
metabolites (P<0.05; Table 1). The rate of
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Figure 3: Weigh changes following liver resection in
the research groups (Weight was measured both
before the surgery and 2, 10, and 28 days after liver
resection (POD2, POD10, and POD28) at the end of
the 45t week (4 rats in each group). Results are
reported as median (interquartile range). Statistical
comparison between the groups was made using the
Mann-Whitney U test [*p<0.05 POD2 control vs.
cinnamon POD2].)

PH: partial hepatectomy

Table 1: Various serum biochemical parameters in the research groups

Variable (medianIQR)

Groups FPG (mg/dI) Insulin (pmol/l) NOx (umol/l) MDA (umol/l)
Control 94.89 [93.76, 96.88] 91.70 [39.93, 132.9] 88.70 [78.35, 104.5] 2.36 [1.88, 2.55]
Cinnamon  89.73 [86.77, 94.48] 133.5 [20.48, 343.2] 58.22 [34.04, 66.95]# 1.58 [1.0, 2.39]
POD 2 91.37 [87.12, 93.25] 173.4 [98.61, 247.2] 68.65 [40.56, 97.13] 3.74 [3.61, 4.59]
POD 10 90.69 [90.14, 92.68] 98.43 [64.82, 222.9] 88.65 [89.06, 113.6] 4.09 [3.24, 5.54]
POD 28 89.22 [87.57, 93.25] 52.24 [4.839, 83.87] 37.06 [27.61, 89.09] 3.29 [2.65, 4.03]
cinPOD2  92.40 [89.27, 99.09] 160.8 [124.9, 199.0] 99.48 [87.56, 105.1] 2.99 [2.35, 3.55]*
CinPOD10  90.44 [88.85, 95.01] 99.01 [81.52, 331.0] 94.58 [90.74, 101.8] 2.44[2.27,3.21]
cinPOD28  93.87 [89.61, 96.25] 50.03 [8.918, 103.5] 90.73 [87.78, 112.4] 3.56 [2.62, 4.12]
P-value 0.3360 0.1226 0.0345 0.0068

Statistical comparison between the groups was made using the Kruskal-Wallis test. One to one comparison in each time point
was performed by the Mann-Whitney U test. Values are displayed as median (interquartile range), with 4 cases per group.

NOX: nitrite+nitrate, MDA: malondialdehyde, FPG: fasting plasma glucose, POD (2, 10, and 28): 2, 10, and 28 days after
partial (30%) hepatectomy (*p<0.05 significant vs. POD2, # p<0.05 significant vs. control)
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Figure 4: Effect of aging and cinnamon consumption
on serum NOx (nitrate+nitrite; % control) 2, 10, and
28 days after partial hepatectomy (30%) in the
research groups (NOx was calculated as the
percentage increase (positive values) and decrease
(negative values) of aging 2, 10, and 28 days after
liver resection, compared to the control rats at the
end of the 54th week (4 rats in each group). The
results are reported as median (interquartile range).
Statistical comparisons were made using the Mann-
Whitney U test at a *p-value of < 0.05
[aging+cinnamon treatment postoperatively vs.
aging at the same time points])

postoperative NOx variation was compared
between the two groups at each time point (i.e., 2,
10, and 28 days postoperation). The results
revealed a decrease in the postoperative plasma
NOx in the control group. However, regarding the
experimental group, the level of this compound
underwent a significant elevation postoperatively.
The inter-group comparison of plasma NOx
variation at each time point demonstrated that
cinnamon consumption significantly increased the
postoperative plasma NOx level, compared to that
in the controls, 2 and 28 days postsurgery (P<0.05;
Figure 4).

Discussion

The results of the present study were indicative
of the significant effect of cinnamon consumption
on weight loss compensation due to liver resection
48 h after the surgery. Weight loss and protein
catabolism following surgical operations are parts
of body defense against trauma (21). Poor
nourishment results in the prolongation of
convalescence and delay of wound healing.
However, it is impossible to meet the body
demands for nitrogen to replace what is lost in the
catabolic phase of the postoperative period.
Furthermore, the actual need for nitrogen and
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indispensable amino acids increases with aging in
animals (22). Cinnamon has been reported to
increase the lean body mass or protein content in
adult rats (23) and humans (24). Accordingly, it
can restore the negative nitrogen balance/weight
loss occurring due to surgery.

As the findings of the present study indicated,
cinnamon consumption maintained oxidative
balance in the rats undergoing liver resection by
attenuating MDA. This herb facilitated the
initiation of physiological responses to stress both
during and after the surgical procedure. Surgical
stress compromises a series of inflammatory
reactions that, in turn, induce oxidative stress.
Oxidative stress is defined as a situation in which
the production of reactive oxygen/nitrogen species
exceeds the mechanisms required for their
scavenging/detoxification. Oxidative stress is an
integrated part of the surgical stress response.
Oxidative stress per se may be associated with
postoperative complications, such as sepsis,
pulmonary edema, liver failure, and increased
mortality. Oxidative stress can induce negative
impacts on major surgical procedures, including
liver resection (5). This negative effect is
particularly pronounced with aging (25).

Cinnamon facilitates the maintenance of the
homeostatic mechanism during the surgery,
thereby preventing multiorgan failure and
increased mortality postoperation. The impro-
vement of oxidative condition is a highly helpful
measure in surgical geriatric patients. Antioxidant
capacity decreases during the post-liver resection
period (5). Moreover, severe postoperative
complications are reportedly associated with a
marked inflammatory response to surgery (8). The
consumption of antioxidants, including cinnamon,
could maintain oxidative balance within a healthy
range (8). Proteins are the major targets of
oxidative injuries (26). The anti-inflammatory
property of polyphenols, as the major constituents
of cinnamon, contributes to better recovery and
nitrogen balance maintenance after the surgery.
Some supplements, such as polyphenols, can be
helpful owing to their antioxidant properties and
higher protein efficiency.

Cinnamon exhibits superoxide dismutase-like
(SOD) activities. To the best of our knowledge, no
study has investigated cinnamon consumption as
an agent for pharmacological preconditioning or
complementary therapy for liver surgery yet.
However, many studies have addressed the anti-
inflammatory and antioxidant effects of cinnamon
on hepatotoxicity (27), hepatocellular carcinoma
(28), and other liver injury models (29, 30). In
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these studies, cinnamon has been reported to have
beneficial effects by reducing MDA or NO and
inducing SOD activity. The hepatoprotective effect
of cinnamon is attributed to the free radical-
scavenging activities of its polyphenol compounds.
Moreover, curcumin is reported to be a rich source
of polyphenols, attenuating inflammation and
oxidative stress 24 h (31) and 7 days after partial
hepatectomy in male Sprague-Dawley rats (32).

Cinnamon can also facilitate the improvement
of liver regeneration. Better recovery from liver
resection surgery in cinnamon-treated rats can be
attributed to its composition and related
properties. As previously stated, cinnamon is
composed of a rich source of polyphenol and has
positive effects on the lean body mass. Therefore,
this spice can induce positive effects on surgical
outcomes by restoring oxidative damage.

As the findings of this indicated, cinnamon
intake for 45 weeks lowered plasma NOx level
since this herb acts as NO; therefore, it eliminates
the need for NO production in vivo. Nevertheless,
NO level increased in the rats treated with
cinnamon, while it decreased in the control rats
due to liver resection. In a study, NO production
was reported to increase after liver resection (33).
Furthermore, there is evidence regarding the
improvement of liver regeneration in the rats
subjected to hepatectomy as a result of L-arginine,
as a precursor for NO (34). However, NO
production, chiefly hepatic NO (2), is impaired by
aging (35). Nitric oxide is synthesized from L-
arginine substrate following the activation of NO
synthase enzyme (NOS). There are three main
forms of NOS, namely endothelial NOS (type III),
neuronal NOS (type I), and inducible NOS (type II).
After liver resection, inducible NOS is upregulated
and acts as a mediator for other inflammatory
molecules involving in liver repair (33). It can be
concluded that following cinnamon consumption,
NO can be synthetized in young animals, similar to
that in adult animals. This seems to induce an
impressive effect on the function of the
hepatocytes.

Conclusions

The findings of the present study revealed that
cinnamon improved recovery from the liver
resection surgery among rats by attenuating
oxidative stress and modulating the nitric oxide
level.
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