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ABSTRACT

A butter-enriched high-fat diet changes lipid metabolism, resulting in fat storage, hyperlipidemia and
obesity. Effects of cinnamon powder were investigated in butter-fed mice. 40 Swiss Albino mice, aged
28 to 30 days, were randomly assigned into two groups. Group A was an untreated control group
(n = 8) and another group (n = 32) was a butter-treated group fed 10% butter. In the fifth week, mice
of the butter-fed group were further divided into four equal groups: B, C, D, and E (n = 8), fed 10% butter
with cinnamon 200 mg, 400 mg, and 600 mg powder per liter drinking water, respectively for 10 weeks.
The butter-fed group was gained the most weight. Cinnamon supplementation significantly normalized
weight gain and had no harmful effects on hematological parameters. Butter supplementation signifi-
cantly increased total cholesterol (TC), triglycerides, and LDL cholesterol (LDL-c) whereas, cinnamon
powder significantly reduced TC, LDL-c and glucose levels. In butter-fed mice, a significant increase
was observed in the liver enzymes, alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) levels with subsequent fat deposition in the liver. Excitingly, these enzymes were decreased and
no fat depositions were observed in the liver of cinnamon-treated mice. Applying different concentra-
tions of cinnamon powder improved the lipid profile in butter-fed female albino mice.

© 2022 The Author(s). Published 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

Hyperlipidemia occurs when the concentration of cholesterol or
triglyceride-carrying lipoproteins in the blood exceeds an arbitrary
standard limit. It is primarily caused by excess lipids or fatty sub-
stances in the blood and considered as a major risk factor for devel-
oping atherosclerosis and heart disease (Vela-Vasquez et al., 2021).
Lipids in the blood include cholesterol, triglycerides, and lipopro-
teins, which are fat and cholesterol molecules linked to proteins.
Lipoproteins are classified into three types: very-low-density
lipoproteins (VLDL), low-density lipoproteins (LDL), and
intermediate-density lipoproteins (IDL) (IDL). Chylomicrons are
lipoproteins that are made up of triglycerides, cholesterol, and pro-
tein (Phogat et al., 2010). Although drugs such as niacin, fibrates,
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HMG-CoA reductase inhibitors, and bile acid-binding resins are
available for the treatment of hyperlipidemia, but associated with
numerous side effects. As a result, herbal treatment for hyperlipi-
demia has gained popularity due to fewer side effects, lower cost,
ease of availability, and safety. To avoid the side effects of synthetic
drugs, various indigenous plants were being used as potential
alternatives for treating a variety of diseases (Javed et al., 2009).
Certain cholesterol-lowering functional foods and powder of tradi-
tional plants are gaining popularity for their exciting ability to
lower total plasma cholesterol levels. Hence, such foods and plant
extracts could provide an alternative therapy for treating mild
hypercholesterolemic patients rather than treating patients with
extremely high cholesterol levels and cardiovascular diseases
(Griindemann et al., 2011).

Cinnamon (Cinnamomum zeylanicum, and Cinnamon cassia),
the eternal tree of tropical medicine, belongs to the Lauraceae fam-
ily. Cinnamon is the inner stem bark of Cinnamomum cassia family
Lauraceae. It is a very popular condiment in many cultures. The use
of cinnamon was found to be quite effective in hypertension
(Preuss et al., 2006) and diabetes (Anderson et al., 2016). Research-
ers have investigated cinnamon for its antimicrobial (Carmo et al.,
2008) acaricidal (Fichi et al., 2007), antimutagenic and antioxidant
(Jayaprakasha et al., 2007) properties. Cinnamon effectively pre-
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vented obesity caused by high-fat diets (Tuzcu et al., 2017). The
administration of cinnamon to mice positively affected the lipid
profile (Kim & Choung, 2010). Another study reported a reduction
in the total cholesterol, triglycerides, and low-density lipoproteins
in rats administered Cinnamomum cassia (15%) for 35 days
(Rahman et al., 2013). The administration of cinnamon at 1, 3,
and 6 g doses per day caused a reduction in serum glucose, triglyc-
eride, total cholesterol, and LDL cholesterol levels in humans (Khan
et al,, 2003). By using a mice model, this study investigated the
effects of different concentrations of cinnamon powder on the
alterations of hemato-biochemical parameters and liver his-
tostructure in response to butter-enriched feed intake.

2. Materials and methods
2.1. Experimental animals

The experiment was carried out at the Department of Physiol-
ogy of Bangladesh Agricultural University (BAU), Mymensingh.
The study used forty adult Swiss Albino mice (Mus musculus)
weighing 30-34 g. The mice were divided into two groups at ran-
dom. The control group (n = 8) was fed standard mice pellets and
fresh drinking water. The remaining mice (n = 32) were allocated
in the butter group, which was fed a standard mice pellet enriched
with 10% butter for five weeks before being divided further into
four groups of eight mice each. Group B was kept as a butter group
fed a standard mice pellet enriched with 10% butter. Groups C (Cn-
200), D (Cn-400), and E (Cn-600) were fed standard mice pellets
enriched with 10% butter plus cinnamon 200 mg, 400 mg, and
600 mg per liter drinking water, respectively. The experiment
was carried out for another ten weeks.

2.2. Ethical approval

The current study, as well as all experimental protocols, were
approved and carried out in accordance with the guidelines for ani-
mal care and use established by the Animal Welfare and Experi-
mentation Ethics Committee at Bangladesh Agricultural
University, Mymensingh, Bangladesh [AWEEC/BAU/2020-24].

2.3. Preparation of cinnamon powder

The cinnamon powder was prepared following a slightly modi-
fied version of the protocol used by Ostroschi et al. (2018). At first
cinnamon barks were purchased from the local market, then were
cleaned & dried well. Dried barks were ground by mortar & pastel
followed by a blender machine to make powder form. Three differ-
ent concentration of cinnamon was mixed with 1 L water (200 mg,
400 mg and 600 mg) and provided to the experimental mice in
drinking water. The preparation was made fresh every day.

2.4. Management practices

The mouse cages were kept in a well-ventilated experimental
animal room. The feeds were stored in an airtight poly-packed
sac to prevent spoilage. Each cage was cleaned on a regular basis
during the experiment and proper hygienic and sanitary measures
were implemented.

2.5. Body weight

The initial body weight of each mouse was determined using an
electric balance. Body weight was assessed on day 0 (the first day
of the experiment) and on every 15 days until the trial was com-
pleted. Body weight gain was calculated as the difference between
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the final body weight and the initial body weight (weight gain
(g) = final body weight (g) -initial weight (g)). In addition, the per-
centage body weight gain was computed as percentage weight
gain (g) equals to final body weight (g) minus initial body weight
(g) divided by initial body weight x 100.

2.6. Hematological studies

Blood samples were collected according to the standard pub-
lished protocol (Sarker et al., 2019). The mice were fasted over-
night before blood collection and then placed one by one in an
airtight container containing diethyl ether presoaked cotton. The
unconscious mice were removed, and blood was drawn directly
from the heart with a sterile syringe. About 1.5 ml of blood was
collected and half of it was transferred to an anticoagulant-
containing Eppendorf tube, while the other half was transferred
to a non-anticoagulant-containing tube for serum preparation.
The blood-containing tubes were kept upright and slanted at room
temperature for 6 h. They were then placed overnight in the refrig-
erator (4 °C). Centrifugation was used to separate the serum sam-
ples and collected by using micro pipette. Serum samples were
kept in the refrigerator at —20 °C for biochemical analysis. Total
erythrocyte count (TEC), hemoglobin (Hb) concentration and
packed cell volume (PCV) were evaluated according to the proce-
dure described (Rakib et al., 2021).

2.7. Serum biochemical studies

Total serum cholesterol, triglycerides and HDL cholesterol, LDL
cholesterol, serum glucose and ALT and AST were determined
using Humalyzer 2000 (Human type, Germany) in accordance with
the instructions provided. Briefly, total cholesterol (TC) and triglyc-
erides were measured after enzymatic hydrolysis and oxidation
with enzymatic colorimetric test for cholesterol and triglycerides
with lipid clearing factor (RANDOX kit, UK). Similarly HDL-C and
LDL-c were measured with RANDOX kit (UK), using Humalyzer
2000 analyzer. Glucose was measured after enzymatic oxidation
in the presence of glucose oxidase with respective diagnostics
kit. ALT and AST were measured accordingly with respective kits
using Humalyzer 2000.

2.7.1. Histopathology of liver tissues

The livers of each group of mice were collected after the blood
was completely removed by perfusion with phosphate- buffered
saline and stored in 10% neutral buffered formalin for 15 days.
The well-fixed tissues were processed, sectioned, and stained with
Hematoxylin and Eosin according to the standard procedure.

2.8. Statistical analysis

All data were statistically analyzed using one-way ANOVA with
post-hoc Tukey’s test by GraphPad Prism 8 software.

3. Results
3.1. Body weight

Table 1 shows the effects of butter on body weight gain in
female mice after 5 weeks of supplementation. The body weight
within all groups was gradually increased with the mice in the but-
ter fed group gaining the most weight after 5 weeks. All of the
butter-supplemented mice gained more weight compared to the
non-butter-supplemented mice (Table 1). Mice in the butter group
were again divided into four groups at the fifth week, and three
groups were supplemented with 200 mg, 400 mg, and 600 mg cin-
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Comparison of average body weight gain at 5th week of experiments in two treatment groups of mice.

Treatment group Body weight (g)

Body weight gain at 5th week (g) % body weight gain at 5th weeks

Initial 5th week
Group A (Control) 34.61 % 0.79 *40.16 * 0.86 5.55 + 0.82 15.58%
Group B (Butter) 31.60 *+ 0.58 *45.60 £ 1.11 14.00 + 0.85 45.77%
3.3. Biochemcial parameters
70 1
60 % The effect of butter and cinnamon on lipid profile is shown in

i
(=]
"

—
(=]
1

—@—Control

Live body weight (grams)

30 4 —-Buttert
——Cn-200
20 - —A—Cn-400
—1-Cn-600
10 T T : \
0 5 10 15
Weeks

Fig. 1. Effects of different concentration of cinnamon powder on live body weight in
butter fed mice. Swiss Albino female mice were supplemented with 10% butter
followed by administration of different concentration of cinnamon (details in
Materials and Method). Body weights were monitored at different time points.
*p < 0.05 (Butter versus control and butter versus cinnamon group), n.s., not
significant.

namon per liter drinking water, respectively. The administration of
various concentrations of cinnamon powder to butter-fed mice
prevented increased in weight gain which caused by the butter

(Fig. 1).

3.2. Hematological parameters

After 15 weeks of experiments, hematological parameters such
as total erythrocyte count (TEC), hemoglobin concentration (Hb
conc.), and packed cell volume (PCV) were measured in different
treated groups of mice, and RBC indices were calculated (Table 2).
The mean values of RBCs, Hb and PCVs were slightly higher in the
butter-fed mice compared to the control group, but the difference
was statistically insignificant. After administering different con-
centrations of cinnamon powder, these values improved slightly
but did not differ significantly. When compared to the control
group, RBC indices (MCV, MCH, MCHC) of different groups did
not differ (Table 2), while MCV values gradually increased in
cinnamon-treated groups. White blood cell count (WBC) counts
in mice treated with different concentrations of cinnamon with
butter were higher compared to the control and butter-treated
mice (Table 2).

Table 2

Fig. 2. The results showed that adding butter to the feed signifi-
cantly increased total cholesterol (205.00 + 15.00 mg/dL), triglyc-
erides (111.67 + 10.41 mg/dL), and LDL-c (125.00 = 7.00 mg/dL)
values in group-B, but not HDL -c values (40.00 = 5.00 mg/dL) val-
ues (Fig. 2). However, a significant increase in HDL-c level was
observed in cinnamon -treated groups (C, D, and E) compared to
groups (A and B), with group-E having the highest value (55.33 +
4.53 mg/dL). In the case of serum glucose (Fig. 3), the butter-fed
group had significantly (P < 0.01) higher values in comparison with
the control group. Interestingly, Cinnamon-treated mice had sig-
nificantly lower glucose levels than the butter-treated mice while
group E had the lowest values, followed by groups D and C. Serum
liver enzymes alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were significantly increased in the
butter-treated group. On the contrary, the levels of these enzymes
in cinnamon extract-treated and non-treated control mice were
normal or not increased (Fig. 3).

3.4. Histology of liver

Excess saturated fats gradually accumulate in the liver, result-
ing in fatty liver syndromes. The current study found that butter-
fed mice had higher cholesterol and triglyceride levels, which were
reduced when the cinnamon powder was added (Fig. 2). Histology
of the liver revealed that the control group’s liver section had nor-
mal tissue structures without any detectable alterations (Fig. 4).
However, the butter-fed group had little fatty changes as well as
pyknotic nuclei of hepatocytes. Interestingly, after the cinnamon
treatment, there was no evidence of fat deposition and the liver
histo-structure resembled the non-butter treated control (Fig. 4).

4. Discussion

The experiment was carried out to determine the effects of cin-
namon on butter-fed albino female mice on growth and blood bio-
marker abnormalities. The findings revealed that eating high fat
diets is strongly and positively associated with being overweight
or obese. It is reported previously that consuming a high fat diet
causes excessive weight gain (Sarker et al., 2019; Hoefel et al,,
2011). Cinnamon extract supplementation significantly reduced
excess weight gain caused by a high fat diet (butter), as reduced
body weight gain was found in cinnamon supplemented group E,

Effects of different concentration of cinnamon powder on hematological parameters in butter fed mice at 15th week.

Group-B (Butter)  Group-C (Cn-200)  Group-D (Cn-400)  Group-E (Cn-600)

Parameters Group-A (control)
Hemoglobin (Hb) (g%) 8.45 £ 0.34

Total Erythrocyte Count (TEC) (10%/uL) 7.11 £ 0.46
Packed Cell Volume (PCV) (%) 34.75 +2.98
Mean Corpuscular Volume (MCV) (fl) 49.22 + 7.46
Mean cCorpuscular Hemoglobin (MCH) (pg) 11.92 + 0.99
Mean Corpuscular Hemoglobin Concentrationb (MCHC) (%) 24.42 + 1.79
Total Leukocyte Count (TLC) (103/uL) 7.85+0.72

8.95 + 0.47 8.45 + 0.59 8.68 + 0.22 8.90 + 0.38
7.55 +0.33 7.07 £ 0.31 6.99 + 0.56 7.11 £0.24
36.5 £3.10 37.0 £ 2.58 38.5+2.38 38.0 £ 2.16
49.46 + 5.25 52.52 £5.95 55.48 +7.19 53.40 = 1.66
12.13 £1.33 11.96 + 0.91 12.46 + 0.931 12.52 £ 0.63
2463 +2.11 2292 +2.44 22.61 +1.90 23.46 + 1.38
8.23+0.33 8.05 + 0.67 8.50 £ 0.43 8.87 £ 0.67

Values in a column don’t differ significantly (P > 0.05).
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Fig. 2. Effects of different concentrations of cinnamon powders on lipid profile in butter-fed mice at 15th week. Swiss Albino female mice were supplemented with 10% butter
followed by administration of different concentrations of cinnamon (details in Materials and Method). Serum lipid profile was analyzed to see the effect. A, Total Cholesterol;
B, Triglycerides; C, LDL-c and D, HDL-c. *p < 0.05 (Butter versus control and butter versus cinnamon group), n.s., not significant.
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Fig. 3. Effects of different concentration of cinnamon powders on serum glucose and liver function tests in butter fed mice at 15th week. Swiss Albino female mice were
supplemented with 10% butter followed by administration of different concentration of cinnamon (details in Materials and Method). Blood samples were collected and serum
glucose, AST and ALT analyzed. A, serum gluocse; B, serum aspartate aminotransfearse, AST; C, serum alanin aminotransferase. *p < 0.05 (Butter versus control and cinnamon

group).

followed by groups D and C. In the current experimental method-
ology, 200 mg of cinnamon per liter water was sufficient to pre-
vented weight loss. The current findings are consistent with
previous findings (Mousavi et al., 2020) that cinnamon supplemen-
tation has a significant effect on obesity measures. It could be rec-
ommended as a weight-loss supplement in the treatment of
obesity. About hematological parameters, cinnamon combined
with butter had no obvious effects. The current study’s findings dif-

3072

fered slightly from previous reports (Ekanem & Yusuf, 2008; Sarker
et al., 2019). The findings were quite similar to previously reported
data showed increased cholesterol and triglyceride levels in butter
supplemented group animals compared to control group values
(Alaam et al., 2012). However, administration of cinnamon at vary-
ing concentrations to the butter-fed group significantly reduced
total cholesterol, LDL-cholesterol, and triglyceride levels when
compared to the butter-fed group values (P < 0.05) (Fig. 2). Liver
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Fig. 4. Photomicrograph of histopathological sections of liver tissues. Swiss Albino female mice were supplemented with 10% butter followed by administration of cinnamons
(details in Materials and Method). On the 15th of the week, liver tissues were collected from each group of mice, processed and stained with Hematoxylin and Eosin stain

(details in Materials and Methods).

function tests including ALT, AST were altered significantly
(p < 0.05) in the butter treated groups. These increased liver
enzymes indicated increased liver activity, which could be due to
excess lipid (cholesterol and triglyceride) depositions in the liver,
leading to fatty liver syndromes. Such elevation in the serum activ-
ity of ALT and AST indicated the hepatic dysfunction and damage
(Sidhu et al., 2004) which caused increase in the permeability of
the cell membrane facilitating the release of transaminase in the
blood stream (Deivanayagam et al., 2014). In butter-fed mice, we
found elevated cholesterol and triglyceride levels, fat deposition
in the liver which were reduced when cinnamon powder was
added (Fig. 2). It has also been reported that adult obese individu-
als have a significant reduction in lipid profile and lipase activity by
cinnamon (Khedr et al., 2020). Serum glucose values also increased
significantly (p < 0.05) in the butter-fed mice compared to the
other groups (Fig. 3). Hyperglycemia may be due to enhanced glu-
coneogenesis and glycolgenolysis and decreased glucose utiliza-
tion under oxidative stress enzymes (Sheikh et al., 2011).
Cinnamon significantly reduced blood glucose level and liver
enzymes. The most important way to reduce blood glucose concen-
trations is by means of glucose transporters. Cinnamon exerts its
effects by enhancing the expression of glucose-transporter, GLUT4
in tissues, such as the muscles and the adipose tissues (Vallianou
et al,, 2014).

5. Conclusion

Based on the findings of this study, it could be concluded that
butter fats have a negative impact on weight gain and lipid profile
while having little effect on hematological values. Cinnamon can
prevent hyperlipidemia and fat deposition in the liver. Cinnamon,
at a concentration of 200 mg, appeared to be sufficient in alleviat-
ing fat-induced physiological changes. To fill the gaps and laps,
more concise studies involving a different mouse strain and other
laboratory animals are required. In addition to that, dissecting the
intricate mechanisms involved in the process would further
broaden our understanding on the use of such plants as treatment
options for hyperlipidemia.
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