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zia\sr;zrt])aAdZi;oo d Authority. Islamabad Results: Following statistical analysis of the data collected, it was found that flaxseed
Pakistan v ’ contained a significant amount of fat (42.13%) and fiber (6.1%), garlic contained allicin

(4.2mg/g), and cinnamon contained cinnamaldehyde (41.2mg/g). The efficacy study
revealed that the rats in group G4 (on a diet of 3 g flaxseed, 4.5 g garlic, and 4.5 g
cinnamon) exhibited reductions in total cholesterol, triglycerides, LDL, VLDL, ALP, ALT,
and AST levels (191.09+0.80; 129.29+0.60; 43.90+0.30, 28.94+1.10, 112.00+1.95;
32.05+0.19; 83.27+0.73, respectively) while showing an increase in HDL (45.61+0.49)
compared to the control group. This group experienced a 48% reduction in cholesterol
levels after 28 days, followed by group G3 with a 41% decrease, and G2 with a 33%
reduction.

Conclusion: The findings of this study indicate that a higher content of garlic and cinnamon
was most effective in enhancing lipid profiles and liver function. Adding flaxseed, garlic,
and cinnamon to daily diets may act as an economical, natural complementary therapy for
controlling high cholesterol levels.
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Introduction

Hypercholesterolemia is a condition whereby there is raised
levels of plasma lipids such as triglycerides, cholesterol, LDL,
VLDL while the level of HDL is reduced. The range of
cholesterol is less than 200mg/dl in blood or elevated
cholesterol level is 240 mg/dl. As reported by the Center for
Disease Control and Prevention (CDC), the odds of
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hypercholesterolemia in adults in Pakistan is 37%.! Coronary
artery disease is a risk factor associated with hyperlipidemia.
The risk of CAD (coronary artery disease) increases by 2-3%
every 1 percent increase in serum cholesterol. There are
several ways to manage hypercholesterolemia like medication
therapy and medical nutrition therapy (MNT). The medications
for hypercholesterolemia include statins of pravastatin and
simvastatin in the first choice with an option of bile acid resins
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like cholestyramine. HDL/LDL is managed using statins or
otherwise with fibrates like (raised cholesterol and triglycerides)
gemfibrozil. Many side effects caused by Statins are
depression, anxiety, indigestion, headache, gastrointestinal
symptoms, alopecia and memory loss. Recent clinical data
showed that overuse of statins has been linked to an increase
Type 2 diabetes risk, but MNT has no side effects on body.2

In Herbal powder flaxseed, dietary fiber; soluble and insoluble both
plays a central role in modulating lipid metabolism. Soluble fibers as
mucilage gums in flaxseed are especially important in lowering
serum cholesterol levels. They also bind to bile acids in the
intestine, leading to their excretion. Since bile acids are synthesized
from cholesterol, their loss triggers the liver to convert more
cholesterol into bile acids, thereby lowering circulating LDL-
cholesterol levels. Flaxseed mucilage forms a gel-like matrix in the
gastrointestinal tract, slowing down digestion and absorption of
dietary fats and cholesterol. This reduces postprandial lipid
absorption, thereby lowering serum cholesterol over time.3
Fermentation of flaxseed fiber in the colon produces short-chain
fatty acids (SCFAs) like propionate, which inhibit hepatic HMG-CoA
reductase, the key enzyme in endogenous cholesterol synthesis.
High fiber intake promotes satiety, reducing overall caloric intake
and body weight, factors that indirectly improve lipid profiles and
reduce cardiovascular risk. Flaxseed dietary fiber acts through
multiple pathways to exert hypocholesterolemia effects: enhancing
bile acid excretion, reducing lipid absorption, producing beneficial
SCFAs, and modulating cholesterol biosynthesis enzymes. These
findings support its inclusion as a dietary strategy for managing
hypercholesterolemia.*

Cinnamon (Cinnamomum zeylanicum), bark is highly prized for its
distinctive therapeutic effects. The primary active components
found in this are coumarin (70%), cinnamaldehyde (75-90%) and
essential oil (4%). Other components found in small quantities
include cinnamic acid, cinnamyl and their aldehydes. FDA allows
adult males to consume up to 1.25mg/kg of cinnamaldehyde per
day.5 Cinnamaldehyde which gives cinnamon its unique flavoring
and smell has also been investigated in its ability to lessen
hyperlipidemia (excessive cholesterol and triglycerides). It may
suppress the activity of an enzyme called HMG-CoA reductase
which plays a critical role in the production of cholesterol in liver.
Due to this cinnamaldehyde acts as a ligand to PPARs
(peroxisome proliferator-activated receptors) PPAR-alpha and
PPAR-gamma, which are nuclear receptors and play the role of
regulating the metabolism of lipids and the reaction of genes. This
activation results in the breakdown of triglycerides, reducing lipid
concentrations in the bloodstream. It can disrupt the digestion of
dietary fats in the intestines by reducing the action of enzymes
responsible for breaking down and absorbing lipids, such as
pancreatic lipase. It exhibits anti-inflammatory qualities, potentially

hindering the generation of mediators involved in chronic
inflammation, which is linked to hyperlipidemia, cardiovascular
disease and demonstrates antioxidant characteristics by effectively
neutralizing free radicals and inhibiting lipid oxidation, potentially
aiding in preventing the development of atherosclerotic plaques by
minimizing oxidative damage lipoproteins.2

Garlic (Allium sativum) is widely used medicinal plants belongs to
the family Liliaceae. The nutritional value of garlic is 66%, 27%,
2.5%, 1.3% and 1.6% of water, carbohydrates, protein, amino acids
and fibre respectively. The bioactive compound of garlic is Allicin
(AC), which impart beneficial effect as antiatherosclerotic,
antithrombotic by decreasing the cholesterol levels in blood.” It
activates the liver to produces its own cholesterol by using
enzymes; malic enzyme, fatty acid synthetase and glucose 6-
phosphate are all important, hydrogenase and the enzyme
3hydroxy,3-methyl glutaryl CoA (HMGCoA) reductase. Using garlic
after a meal helps control post-prandial problems like
hyperlipidemia. Decreases the ability of LDL to become oxidized
due to garlic, specially aging garlic, also known as the use of aged
garlic extract (AGE). As a result, aqueous garlic extract, the active
ingredient in garlic has been found to be allicin, a chemical in this
food that helps prevent atherosclerosis. Aged garlic extract and the
substance it contains, S-allyl cysteine, has been observed to
prevent injury to vascular endothelial cells. This is because the LDL
in garlic that can be oxidized is a potential activator of lipase
enzyme thus, reducing blood triglyceride level 58

Materials and Methods

Brown flaxseed, Desi gulabi garlic and Ceylon cinnamon were
purchased from the local market. Chemicals were purchased
from Duskan Pure Chemicals, BDH, Emplura and Sigma
Aldrich. Garlic was dried at 60°C for 24 hours and milled with
powder, sieved by 70-micron mesh size.® Flaxseed and
cinnamon were milled by using the micro mill (Culutti Typ MFC)
available in the Central Hi-Tech lab to obtain powder. Then, it
was sieved by 70-micron mesh size.®

Moisture content of flaxseed, garlic and cinnamon were
determined using the PMB-53 (0.0019/0.01%, Adam equipment
Inc., UK) moisture analyzer. The crude fat content was done
according to method of AACC (2000). Determination of fat was
done using Soxhlet apparatus (J P. Selecta) and petroleum
ether as solvent (250ml). Raw material flaxseed, garlic and
cinnamon were analyzed using method no. 32-10 of AACC
(2000), to determine crude fiber. Flaxseed, garlic and cinnamon
ash content was determined by the method (08-01) mentioned
in AACC (2000) with muffle furnace (SNOL, 8.0-1100 LHMO) at
550-650°C for 5-6 hours.

The total phenolic content (TPC) of raw materials was
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determined through Folin-Ciocalteu (FC) and the plant material
was extracted according to the procedure explained by Tiwari et
al.’® Absorbance was measured after incubation that was read
at 517nm using Epoch-Eliza reader (Bio-Tek instruments, Inc.,
Winooski, USA).

Rats were randomly divided into five groups: TO (normal
control), T1 (induced control with no treatment), and T2-T4
(treatment groups with varying doses of flaxseed, garlic, and
cinnamon). The complete treatment plan is shown in table 1.1.
Over 28 days, rats received 259 diet/day, with weekly weight
and food intake were recorded. Blood samples were collected
on days 0, 14, and 28 for hematological and biochemical
analysis. Poloxamer P-407 in saline-glucose was administered
for three weeks to induce hypercholesterolemia in all groups
except the normal control, which received only a standard diet.

reducing action of hypolipidemic and antioxidant character. The
results of treatments on Lipid profile of rats are also shown in
table 1.2.

From analysis of variance, the variables time, treatment, and
the interaction between these two varied significantly (p < 0.01)
as a predictor of triglyceride levels in hypercholesterolemic rats.
In T1 TGs were highest (230.76 mg/dL) but in T2 TGs
significantly decreased (152.79) T3 129.29 mg/dL and T4
109.14 mg/dL compared to T1. The most prominent reduction
was T4 (52.71%), T3 (44%) and T2 (33.78%) which possessed
garlic and cinnamon-enriched synergetic hypolipidemic and
antioxidant properties.

Table 1.2. Effect of treatments on Lipid profile of rats

Mean values of total cholesterol of rats

A review confirmed that 0.5-1 g/kg doses of P-407 are equally ;I;:eatme DRSS LR LT L
effective and safe for inducing hyperlipidemia, which was .
i . To 85.70+0.3 87.30+0.63'" 85.91+0.47"  86.30+0.872
confirmed by the end of week three. The same feed formulation 7 £
method was applied by Kristensen et al. (2012) with slight T 8647403 17311206 191.09+08 150224559
difference.* 6 20 02 400
T2 85.58+0.2 142.98+0.7 128.80+0.3  119.12+29.8
Table 1.1. Treatment plan of efficacy study 2i 8 ge 978
Treatment Diet Flaxseed Garlic ~ Cinnamon T3 86.80+0.7 133.12+1.2  113.29+06  111.07+23.2
(9) 1209 (9)20g  (9)/20 3 19 09 38¢
To Normal Diet S > T4 85.76+0.2 125.65+0.3  99.04+0.59" 103.48+20.3
(Non- 7i 7t 15D
induced) Mean 86.06£0.5 132.43+31.  123.63+40.
T1 Normal diet - - - 4c 01~ 968
(Induced) Means values of triglycerides of rats
T2 Normal diet 9 15 1.5 T1 84.7910.2 86.87+0.33" | 87.14+0.73" | 86.27+1.285F
T Normal diet 6 3 3 r
T4 Normal diet 3 45 45 T2 | 8663:0.4 | 211.46+116 | 230.76£0.56 | 176.28+78.23
To= Normal Diet (Non-induced) 3n b @ "
T+ = Normal diet (Induced) T3 | 8571206 | 179.06046 | 152.790.38 | 139.19:48.14
T2 = Normal diet fed with flaxseed (9 g) + garlic (1.5 g) + cinnamon on ¢ ¢ 2
(1.59) T4 87.48+0.9 | 165.82+0.59 | 129.29+0.60f | 127.53+39.20
T3 = Normal diet fed with flaxseed (6 g) + garlic (3 g) + cinnamon (3 g) or d 1¢
T4 = Normal diet fed with flaxseed (3 g) + garlic (4.5 g) + cinnamon | T5 | 87.5580.6 | 151.25£1.02 | 109.14+0.55 | 115.98+32.39
(4.59) il : ¢ 8°
- ) ) - Mea | 86.43+1.1 | 158.89+46.0 | 141.82455.3
Statistical analysis was performed using Statistix 8.1 software. n 8¢ oA 2B
Data was analyzed by two-way analysis of variance (ANOVA).
Means values of HDL of rats
Results To  4310£2.35%c  4350:2.5% 4350£250° 43.3720.231
b A
Statistical results showed that the effect of time, treatmentand ~ T+ 42.80£1.50%c  30.10£2.0¢  27.41+2.06' 23-44i8-218
interaction between. the two variables on tnglycerld.e !gvel in T, 42905100%  3480515% 3918:153% 389644050
hypercholesterolemic rats had a very strong significance od B
(p<0.01). The TG level was at the highest level in T1 (230.76 Ts 43100502  36.43+1.0¢  41.64+0.982  40.39+3.508
mg/dL), complement was a significant reduction in the level in be BC
. ab a
T2 (152.79), T3 (129.29) and T4 (109.14 mg/dL). The reduction ~ T4~ 4329x1.72% 38322052 456120497 42413722
was highest in T4 (52.71%) followed by T3 (44%) and T2 Me  43.04:019° 3663+4.9C 394747148

(33.78%), which signifies that supplementation with garlic and
cinnamon-rich (T4) was most effective because of synergistic
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To 28.48+2.30! 28.50+2.30  28.10+2.30°  28.36+0. Table 1.3. Mean values of components of flaxseed, garlic, and
il 225 cinnamon (Mean + SD)
LE 32.40+1.80N 98.701.80>  112.40+1.8  81.17+42 Parameters Flaxseed Garlic Cinnamon
02 785" components
T2 30.39+1.30N 76.20+1.30  64.80+1.30¢  57.13+23
c e 8498 Moisture 744 t 63.25 8.48 +
T3 28.17+0.80' 68.50+0.80  52.30+0.807 49.66+20 | content (%) 0.30 t 0.20
& .295¢ 0.13
Ts 34.40+0.40" 62.30+0.42  43.90+0.30¢ 46.87+14 | Crude fat 4256 + 045 423 ¢
e 185D (%) 0.27 + 0.42
Mean  30.77+2.64C  66.84+254  60.30£32.0 0.02
7A 3B Crude fiber 2122 + 244 202 *
(%) 0.24 + 0.15
Means values of VLDL of rats 0.27
To 207 21124180 20.18+2.50  20.69+0.474P Ash Content 174 % 217 33 %
6+2. 9 g (%) 0.03 o 0.34
109 0.06
T1 480 55.03+150 58.27+210 53.78+5.228A Mean values of TPC and DPPH flaxseed, garlic and cinnamon
41 @ a TPC (mg GAE 125 + 1148 £ 28.19
600 /100g) 05 045 +1.13
T2 473  4287+120 37.041.80¢  42.41+5.1518 DPPH (%) 54.67+ 5 7057+
1+1. ¢ 1.64 2.24 2.81
i Effect of treatments on Liver Enzymes
Ts 436  38.02+0.70 32.14+1.40  37.95+5.775¢
9+0. d ef
300¢ The impact of time and treatment on the levels of ALP was
T4 468  34.97+0.54 28.94+1.10" 36.93+9.124¢ found to be significant (p < 0.01) as determined by the
;;ﬁg ¢ statistical analysis. T1 (induced control) registered the highest
Nean 413 38402123 35312142 ALP (151.28 21/L) and supplementation lowered them in T2
3411 1B 2C (133.49), T3 (123.31) and T4 (118.66 21/L). T4 decreased the
627 most (21.55%) as an indication of improved liver performance.

The statistical analysis indicated that the effect of time,
treatment level and the interaction between both factors was
significant (p<0.01) on the HDL levels. The lowest was in T1
(27.41 mg/dL) and there was a significant improvement in
supplemented groups T2 (39.18), T3 (41.64), T4 (45.61 mg/dL)
with T4 showing maximum increase of 66.36 per cent. T0
(control) was constant at 43.50 mg/dL. The increase of HDL
particularly at T4 (high in cinnamon and garlic) indicates
excellent cardioprotective benefit and an improved reverse
cholesterol retrial.

The analysis of data revealed that the impacts of time,
treatment and their interaction of LDL levels were very
significant (p < 0.01). Stable low LDL was observed in TO
(normal control) whereas there was a progressive increase with
a maximum of 11240 mg/dL in T1 (induced control)
experienced on the 28th day. There were significant decreases
in the supplemented groups and T4 (high garlic and cinnamon)
was the most effective and reduced LDL to 43.90 mg/dL. T3
and T2 displayed an upward trend as well. The mean values of
flaxseed, garlic and cinnamon compounds shown in table 1.3.

Statistical analysis also revealed that time and treatment had
significant (p<0.01) effect on the level of ALT. The highest ALT
value 60.07 (T1-induced control) was measured after 72 hours
then reduced to 45.74 (T2), 38.63 (T3) and 34.09 m/L (T4) after
supplementation. The largest decrease (43.24%) was observed
in T4, which indicates an increased liver function. The effect of
treatments on Liver enzymes of rats discussed in table 1.4.

Table 1.4. Effect of treatments on Liver Enzymes of rats

Means values of ALP of rats

Treatme 0 Days 14 Days 28 Days Mean

nt

To 110.45+1. 11242409 111.26%2.8 111.38+0.99
899 2 6 0E

T1 115.184£0.  165.61£19 173.05+1.5 151.28+31.4
719 & 6? 844

T2 114.75¢1.  150.38+1.0 135.35+1.2  133.49+17.8
189 ha 4de 878

Ts 111.67£0.  138.18+2.2 120.07+04  123.31%13.5
929 2 of 48¢

T4 113.00£2.  130.98+0.7 112.00+1.9  118.66+10.6
069 9e 59 81pP

Mean 113.01£2.  139.51£20.  130.35+25.
00° 044 768

Means values of ALT of rats

To 30.62+1.15 31.45+1.69"  30.15+2.07°  30.74+0.658F

f
T1 32.39+1.39  65.08£2.49>  82.75+0.942  60.07+25.551
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f A

T2 33.5340.27 55.34+1.37¢  48.36+1.549  45.74+11.138
f B

T3 33.24+0.30 45.16+0.269  37.49+0.72¢  38.63+6.040°
f

T4 31.58+0.16  38.63+1.35¢  32.05+0.19"  34.09+3.9420
f

Mea  32.27+1.19 47.13+13.33  46.16+21.64

n B A A

Means values of AST of rats

To 80.26+1.46 82.93+0.699  81.59+2.699  81.59+1.335F
g

Ti 83.84+2.63 130.19£1.37° 158.85+0.2  124.29+37.85
fg 4a 1A

T2 82.62+0.37 115.47+0.95¢ 100.04+0.8  99.38+16.435
g 2d B

T3 82.04+0.68 102.36+2.27¢ 88.00+2.51¢  90.80+£10.445
g f c

T4 81.50+0.32 92.02+1.89¢  83.27+0.739  85.60+5.634P
g

Mea 82.05+1.32 104.59+18.7  102.35+2.3

n C 4A gB

Discussion

The moisture content was highest in garlic (63.25%) as
documented by Ashraf et al. (2016) therefore, they require
proper storage since garlic is highly perishable.! Price is the
contrary as moisture levels were drastically lower in flaxseed
(7.44%) and cinnamon (8.48%) as compared to Mahmood et
al. (2015), respectively, which is indicative of better stability and
process ability.2

The highest crude fat was found in flaxseed (42.56%), which is
within reported ranges of 38 45% as indicated by Kajla et al.,
(2015) and Singh et al., (2011), showing it is rich in omega-3
(ALA).1314 Cinnamon was of moderate fat (4.23%) provided
minor lipid-soluble bio-actives such as cinnamaldehyde. In
agreement with Amagase (2006), garlic contained insignificant
fat (0.45%) hence can be used as food in low-fat diets because
it is high in moisture and contents of bioactive substances such
as allicin.'®

The Flaxseed had 21.22 percent crude fibre, which is in line
with Kajla et al. (2015), who showed 20-28 percent, mostly
insoluble fibre, and useful in digestion and lowering cholesterol
levels.” Cinnamon is the most fibric, with 22.02%, which is
higher than the 18-21 percent maximum recorded. Garlic
contained the least amount of fiber (2.44%), which supports the
findings of Amagase (2006) as it is a high moisture and soft
tissue food.’® The ash content in flaxseed was 1.8%, which
corresponds to Singh et al. (2011), and Oomah (2001) and
affirmed the mineral content of flaxseed.'416 Garlic contained
2.17 percent ash as compared to Musa et al. (2012), which
could be attributed to the presence of minerals such as
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selenium and calcium associated with this medicinal effect.!”
Cinnamon was the highest in ash content (3.31%), but still
marginally above, but similar to that reported by Mathew and
Abraham (2006) and Ravindran et al. (2018), which makes its
mineral profile high.18.19

DPPH antioxidant activity ordered in such a way that cinnamon
exhibited the highest value of DPPH activity (70.57%), followed
by garlic (56%) and flaxseed (54.67 percent). This is in tandem
with its high phenolic content.'® The high activity of garlic is
associated with sulfur compounds such as allicin.'” The
moderate but significant activity of flaxseed is attributed to
lignans and PUFAs and not phenolic.

The results of this research are in line with those of Naik et al.
(2018) and therefore support the polarized LDL-improving
attribute of supplementation with bioactive.20

Statistical analysis indicated that the time and treatment factors
had a significant effect (p < 0.01) on the levels of VLDL. In
VLDL the values were highest in T1 (induced control) and
lowest in T4 because of supplementation (induced control:
53.78 mg/dL; supplementation: 42.41, 37.95 and 36.93 mg/dL,
respectively). T4 exhibited the highest percent decrease
(31.33%), probably because it has more garlic and cinnamon
contents. These findings are in line with the works by Al-Jawad
et al. (2014) and Naik et al. (2018) attesting to the lipid-lowering
effects of combined plant-based supplementation.2021

The discoveries are in line with the hepatoprotective effects as
found under flaxseed and garlic supplementation by Naik et al.
(2018), 15-20 percent reduction of ALP. 20

These findings are consistent with those of Naik et al. (2018),
which have also demonstrated similar changes in ALT with
mixtures of garlic and cinnamon supplements because
hepatoprotective properties of synergistic supplementation have
also been proven in these studies.20

The treatment and time had a very significant difference
(p<0.01) with AST levels. T1 (induced control) recorded the
highest AST (124.29 p/L) and the levels decreased to 99.38
(T2), 90.80 and 85.60 1/L (T4). T4 displayed the most
significant decrease (31.14%), which is a sign that the liver is in
a better condition. These findings are congruent with what is
reported by Vijayan et al., (2018) who favor hepatoprotective
effect of flaxseed and garlic and cinnamon.

Hypercholesterolemia is a condition whereby there is raised
levels of plasma lipids such as triglycerides, cholesterol, LDL,
VLDL while the level of HDL is reduced. The range of
cholesterol is less than 200mg/dl in blood or elevated
cholesterol level is 240 mg/dl. As reported by the Center for
Disease Control and Prevention (CDC), the odds of
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hypercholesterolemia in adults in Pakistan is 37%. Coronary
artery disease is a risk factor associated with hyperlipidemia.
The risk of CAD (coronary artery disease) increases by 2-3%
every 1 percent increase in serum cholesterol. There are
several ways to manage hypercholesterolemia like medication
therapy and medical nutrition therapy (MNT). The medications
for hypercholesterolemia include statins of pravastatin and
simvastatin in the first choice with an option of bile acid resins
like cholestyramine. HDL/LDL is managed using statins or
otherwise with fibrates like (raised cholesterol and triglycerides)
gemfibrozil. Many side effects caused by Statins are
depression, anxiety, indigestion, headache, gastrointestinal
symptoms, alopecia and memory loss.

Conclusion

Recent clinical data showed that overuse of statins has been
linked to an increase Type 2 diabetes risk, but MNT has no side
effects on body. Following the analysis of the research data
collected, it was found that flaxseed contained a significant
amount of fat (42.13%) and fiber (6.1%), garlic contained allicin
(4.2mglg), and cinnamon contained cinnamaldehyde
(41.2mglg). The efficacy study revealed that the rats in group
G4 (on a diet of 3 g flaxseed, 4.5 g garlic, and 4.5 g cinnamon)
exhibited reductions in total cholesterol, triglycerides, LDL,
VLDL, ALP, ALT, and AST levels (191.09+0.80; 129.29+0.60;
43.90+0.30,  28.94+1.10,  112.00+1.95;  32.05+0.19;
83.2740.73, respectively) while showing an increase in HDL
(45.61£0.49) compared to the control group. This group
experienced a 48% reduction in cholesterol levels after 28 days,
followed by group G3 with a 41% decrease, and G2 with a 33%
reduction. The findings of this study indicate that a higher
content of garlic and cinnamon was most effective in enhancing
lipid profiles and liver function. Adding flaxseed, garlic, and
cinnamon to daily diet.
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