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Abstract:

Objectives: This research aimed to find out the potential cfiaf
cloves (Syzygium aromaticungn hyperglycemia, hyperlipidemia, hepato-
renal disorders and oxidative stress as the knawmptcations related to
diabetes.Materials and Methods: forty male rats were divided into 5
groups (n=8), including the healthy control grolf)C§ and four diabetic
groups. Alloxan- monohydrate (BDH) was used fornppting diabetes
(100mg/kg b.w.). Rats with diabetes were put intooatrol group (DC),
diabetic treated with clove oil (200mg\kg) (G3)pw extract (200mg\kg)
(G4) and clove powder (20g\kg) (G5). After 4 weekghe treatment, the
blood samples were taken for measuring the fadiiagd glucose, insulin,
lipid profiles, liver and kidney functions and soraatioxidant/oxidative
stress markersResults: The therapeutic groups (clove oil, extract and
powder) statistics had low levels of fasting blagagar, total cholesterol,
LDL-c, VLDL-c, triglycerides, AST, ALT, urea, uriacid, creatinine,
bilirubin and MDA in comparison with the DC grou@ontrarily, serum
insulin levels, HDL-c, SOD and GSH actually wergher in the clove oill,
extract and powder groups compared to the DC gr@apclusion: it could
be concluded that the clove oil or extract or powpeved antioxidant
gualities and has potential as a functional foaggadient to protect against
the complications caused by diabetes.

Keywords: Cloves, Diabetes, Lipid profile, Antioxidant statu
Liver and kidney functions.
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INTRODUCTION

Diabetes mellitus (DM) , is a systemic metabolicsedse,
distinguished by hyperglycemia, vascular troublesd aneuropathic
complications (Inzucchi and Sherwin, 2011) International Diabetes
FederationIDF) (2021) stated that 10.50% people all over the dvsuffer
from diabetes and this number is predicted to behrd1.30% by 2030 and
12.20% by 2045,6un et al. , 2022 . The chief reasons for hyperglycemia
and hyperlipidemia which expose diabetic patierdsrisk for further
cardiovascular diseasdRajasekaran et al., 2005 and Mokashi et al.,
2017) and some other complicated proble(@heetz and King, 2002)
Chronic hyperglycemia can result in extended aretaverable harm to the
eyes, nerves, kidneys, heart, and blood vessealspthwer organs of the body
(Mohamedet al., 2016)

Nowadays, the approved cure for diabetes aretyleesctions for
example exercise, weight control, diet theréiggmpf et al., 2008andYeh
et al., 2016) andthe use of some natural herbs for diabetes manageme
(Manukumar et al., 2017) As some of these plants may contain insulin-
like materials in glucose utilizatiofGray and Flatt, 1999and Gruenwald
et al., 2010) or activate the regeneration of pancreatic belia ¢®8ingh et
al., 2001 and Adewole and Ojewole, 2007)One of these plants is the
cloves Syzygium aromaticung fragrant sprout plant that is a member of
the Myrtaceae familyBisset, 1994)js originated in AsigCortés-Rojaset
al., 2014). Commercially, it is used widely in applications food,
pharmaceutical, tobacco, cosmetic and agriculturgroduction
(Nurdjannah and Bermawie, 2012; Cortés-Rojaset al., 2014 and EI-
Saber Bathaet al., 2020. It is plentiful in some phytochemicals like
sesquiterpenes, monoterpenes, hydrocarbon, andlpheombinationgEl-
Saber et al., 2020) Traditionally, S. aromaticumhas several therapeutic
values in curing vomiting, nausea, cough, dyspepgktulence, liver, and
bowel and stomactroubles. Moreover, it helps relief in pain, dental care
and stimulant for nerve@hyllis and James, 2000; Elujobeet al., 2005;
Sulieman et al., 2007and Tanko et al., 2008) More recentlyPourlak et

al. (2020)and Abtahi-Eivari et al. (2021)demonstrated that cloves extract
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may urge renal and hepatoprotective activities imbetic rats, enhances
glycemic control and lipid profileS. aromaticums well-known for having
anti-mutageni¢Miyazawa and Hisama, 2003)antioxidant(Chaieb et al.,
2007 and Astuti et al., 2019) anti-carcinogeni¢Miyazawa and Hisama,
2001) antibacteria(Oshomohet al., 2015andBharadwaj, 2020) antiviral
(Saeed and Tariqg, 2015)antifungal (Park et al., 2007) and antiparasitic
activities (Yang et al., 2005) Moreover, it can be used as, anti-
inflammatory (Kim et al., 1998) anti-ulcerogenicLi et al., 2005) and
antithrombotic (Srivastava and Malhotra, 1991). These biological
activities ofS. aromaticunL. may be due to its high content of phenolic
compounds@olmakani et al., 2017; Hatamiet al., 2019; Tun¢ and Koca,
2019andEl-Saber Batihaet al., 2020).Shukri et al., (2010),reported that
clove treatment reduced blood sugar increases igitl peroxidation in
diabetic rats.

This research to assess the impacts of cl¢8esaromaticum)oil,
extract and powder on fasting blood glucose, insuipid profile, liver and
kidney functions and some antioxidant/oxidativessrindicators of diabetic
rats.

MATERIALS AND METHODS
Materials:

* CloveSyzygium aromaticunpowder and oilwere bought from the
community market in Cairo City, Egypt.

* Casein, minerals, vitamins mixture and L-argininerevpurchased
from El- Gomhoria Company.

e Alloxan, it was pure chemical fine product (DBH) mepurchased
from SIGMA Chemical Co., (USA), and was used faduation of
diabetes among rats.

e Adult Sprague Dawley albino male rats were broufypin The
Animal Colony, Food Technology Research InstituAgyiculture
Research Center, Giza, Egypt.
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Methods:
Preparation of clove aqueous extract:

Twenty five grams of clove powder were extractedhws00 ml
boiled distilled water for 5 min ,cooled for 30 mamd filtrated twice .the
extract was kept in the fridge . Rat dose of ageedract was (200 ml / kg
/b.w. day) and was given orally by stomach tubeeting to the method of
(Taherehet al., 2014)

Biological evaluation

Forty adult male white rats weighing (69-749) weised in this
study. The whole rats were kept under standardezedlitions (12h light/
dark cycle, 22°C) and were given free access tetiedard diet and water
according tdNRC (1995)

Composition of the standard diet

Ingredients g/kg diet
Casein 200
Corn starch 497
Sucrose 100
Vitamin mixture 020
Mineral mixture 100
Corn oll 050
Cellulose 030
Methionine 003

Induction of Diabetes:

Rats were injected with alloxan- monohydrate (BDHPOmMg/kg
b.w.) dissolved in normal salt water. Seven dayderafalloxan
administration, blood was taken from the rat eyaertsans of Haematocrit
tubes in EDTA tubes. Plasma was separated by fiegdation and analyzed
for blood glucose. Animals with fasting blood glsedhigher than 300mg/dl
were chosen and used as diabetic rats.

After 4 weeks, the animals were prevented frondfowernight and
sacrificed by decapitation. Blood was taken in thfferent tubes, one with
C 6 )
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anticoagulant (potassium oxalate and sodium fl@)ritbr plasma and
another without anticoagulant for serum separafdasma and serum were
separated by centrifugation.

After the adaptation period, rats were put intar&ugs (8 rats each)
as follows:

* Group (1): Fed on basaliet (Negative control)

» Group (2): Fed on basal diet and injected with alloxan- mgdoate
(BDH) (100mg/kg bw) (Diabetic control).

» Groups (3): Diabetic ratsfed on basaliet that contained clove oil
(200mg\kg).

» Groups (4): Diabetic rats fed on a diet with clove extré2@@mg/kg.

» Groups (5): Diabetic rats fed on a diet with clove powder (R@g.

The rats’ body weight was measured three timesyeweek for
four weeks. Daily changes in body weights were m@ed in percentage
Daily changespercentagan body weights was calculated in accordance
with the following formula:

Changein body weights (%) = 100 X (Final weight -Initial weight) /
Initial weight

Feed efficiency ratio (FER) was calculated at the end of the
experiment as follows: FER= Body weight gain (gnfjdod intake (gm)
according tdChapmanet al., 1950).

Biochemical Analysis

Fasting blood glucose was evaluated by the enZgroalorimetric
method(Siestet al., 1981).

Plasma linsulin level was tested by Enzymatic Linked
Immunosorbent Assay (ELISA) Kit as described Ngkagawa et al.,
(1973)

Total cholesterol, HDL-cholesterol and triglyceridontent werset
by the enzymatic colorimetric method accordingAlban et al., (1974);
Richmond (1973)andFassati and Principle (1982)respectively.
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LDL-cholesterol and VLDL-cholesterol were calceldt by the
Friedewald Formula according Esiedewald (1972).

Bilirubin, Plasma alanine and aspartate aminotesiase enzymes
activities (ALT and AST) were also determined adowog to the method of
Reitman and Frankel (1957).

Plasma total protein was decideddryenzymatic method according
to Henry (1964)

Plasma uric acid was evaluated by an enzymatitiadeaccording
to Trinder (1969).

Plasma creatinine was determined accordirtgeory (1974).
Determination of some antioxidant parameters

Superoxide dismutase (SOD) activity according(@@chatelet et
al., 1974) Determination of malondialdehyde (MDA) in red @b cells
RBCs by the method described Btocks and Donnandy (1971).
Glutathione (GSH) according ®eutler (1984).

Statistical analysis:

All data were exposei one—way analysis of difference (ANOVA)
and regarded as mean = SD and the normality ofwlasaperformed by the
Kolmogorov-Smirnov test. The comparisons amonged#fit groups were
performed using Tukey post h¢@nedecor and Cochran, 1967).

RESULTS AND DISCUSSIONS
Effect of the clove oil, extract and powder on nuttional parameters:

Data from Table (1) showed that all groups had laimnitial body
weights and all of them gave positive body weighihd BWG) at the end of
the experiment. Meanwhile, the injection of BDH tats significantly
decreased BWG%, daily food intake and food efficierratio (FER)
compared to the NC group. It was noticed that feeeks of feeding the
clove oil, extract and powder at 200mg\kg, 200mg\gd 20g\kg,
respectively result in a marked improvement in #iese nutritional
parameters. The treated rats with clove oil weeelist mitigating ability
against BDH toxicity.
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These results keep up wiota et al., (2012) and Narasimhuluet
al., (2014)who stated that hunger and the weight loss ofbthaty in rats
with diabetes because of the body’s incapacitydepkor use glucose and
due to protein losing as a consequence of carbabg/dnexistencdAl-
Attar, 2010). The reduction in BWG of diabetes, the incremdrfbod and
water intake and urine volume may be dug+aells damage and insulin
secretion disordefKang et al., 2006) However, Al- Attar and Zari,
(2007)stated that clove oil produced a notable increnretite body weight
in comparison with the DC group, which may be bseanf the insulin-like
action of clove. In addition, eugenol supplemenotatexhibited significant
glycemic control improvement by preventing body gii loss and
increasing food and fluid intake in rats which suofffrom diabetes.
Chaudhry et al., (2013)and Srinivasan et al., (2014).Also, Rabehet al.,
(2021) found that treating rats with clove extract ledatmotable raise in
body weight gain and feed efficiency ratio in comgan with the DC

group.
Table (1): Effect of the clove oil, extract and poder on nutritional
parameters
G Initial Final weight |weight gain| Daily food |feed efficiency"
roups
P weight(g) | weight(g) | gain(g) % intake ratio %

G1l:Negative | 70.3+2.7 | 149.40+20}79.1.0+8.27112.53+10.3 13.66+3.63| 0.08+0.02
Control (NC) rkk
G2: Diabetic | 72.1+3.49|103.94+15.831.845.32*| 44.14 10.28+2.97 0.03+0.01
control (DC)
G3: Clove oil | 71.54£2.9 | 135.8+18.164.3+7.2***  89.9 12.043.6 | 0.07£0.01**
(200mg\kg)
G4:Clove 71.8+2.7 | 131.7+21.159.99+7.31t 83.55 12.044.1 | 0.07+0.02**4
extract (200mg

\kg)
G5: Clove 69.9+3.5 | 132.7+19.762.8+6.1** 89.8 11.55+2.3| 0.08+0.01**)

ILpowder(ZOg\kg
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Effect of the clove olil, extract and powder on thensulin and fasting
blood glucose levels:

Compared with the NC group, the mean fasting bigladose had a
significantly higher level in the DC group, as iasvincreased more than 3-
fold (Table 2), which indicates hyperglycemia. Hoer after 4 weeks of
clove (oil, extract and powder) treatment, the Hlapucose levels were
extremely lower in comparison with the DC group. rsfaver, the serum
insulin level decreased in the DC group signifibacbmpared to the NC
group. It could be noticed that there was no caraiole difference between
the clove-treated groups (G3, G4 and G5) on thensensulin levels and
they had lower serum insulin levels compared to M@ group although
they were still significantly higher than the DCogp, suggesting that the
clove (either oil or extract or powder) is effeetifor the diabetes
amelioration.

These results are consistent withmza and El shahat (2011jho
indicated that alloxan administration elevated géeclevels and decreased
insulin levels in rats, however, raw or irradiateldve extract improved
these alterations towards the normal levelsiroda et al., (2012)
demonstrated that clove extract significantly diistied the increase of
blood glucose levels in type 2 diabetic KK-Ay miédso, (Pourlak et al.,
2020)and(Rabeh et al., 2021)showed that the fasting blood sugar of rats
treated with cloves extract significantly decreasdtereas insulin levels
increased compared to the DC group where the clexteact can lead to the
remnants of beta cells secreted insulin or regémdrata cells. In addition,
Abd EI-Rahman (2015) and @btahi-Eivari et al., 2021) revealed that
clove can control glycemic by decreasing the seglotose level and
increasing the serum insulirPr@sad et al., 2005)showed that clove may
suppress the “Phosphoenolpyruvate carboxykinased #Blucose 6-
phosphatase” genes expression, which plays an eynrole in
gluconeogenesis. These were in limigh Tu et al.,(2014) hypothesis that
clove extract has the ability to enhance musclediysis and mitochondrial
function via phosphorylating AMP-activated prot&inase and controlling

sirtuin 1, which regulates genes involved in melisbmathways Adefegha
{ 10 )
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et al.,( 2014)assured that the clove hypoglycemic impacts magxipéained
by a reduction in intestinal alpha-glucosidasevégti which causes greater
blood glucose levels in diabetic rats. As a reslidtye exerts actions similar
to those of insulin, can lower glucose absorptard can minimize the need
for insulin. Additionally, S. aromaticum's abilitg reduce blood sugar may
activate beta cells, which would enhance the proolicof the hormone
insulin (Chaudhry et al., 2013).Moreover, some phenolic chemicals, such
eugenol and eugenyl acetate, may be the causésdiypoglycemic impact
(Shukri et al., 2010).While eugenol may inhibit the body from producing
glucose when glucagon is present by lowering theigcof the enzyme
glycogen phosphorylag&anaest al., 2014).

Table (2): Effect of the clove oil, extract and poder on the insulin and
fasting blood glucose levels.

||Groups Insulin(u\ )  [Fasting blood glucose (mg/dl)

||Gl:Negative Control (NC) 12.6 £1.85 113.40+15.8
||(32: Diabetic control (DC) 4.8+0.99 329.4+63.50
||G3: Clove oil (200mg\kg) 9.01+1.2*  |228.14+35.7*

||G4:Clove extract (200mg \kg)  [9.4+1.8** 299.2+67.3***

||GS: Clove powder(20g\kg) 9.51+1.1*  1209.4+42.96**

Effect of the clove oil, extract and powder on ligl profiles

Table (3) showed the variation in serum lipid pesf in all the
treatment groups. It could be observed that the dd»Qup represented
remarkable increases in serum total cholesterol),(Tilyceride (TG),
LDL-c and VLDL-c as in comparison with the NC groupn the contrary
the DC group proved significant decreases in semdBL-c as in
comparison with NC and all treated groups with elo¥he increment in
serum TC, TG, LDL-c and VLDL-c were amelioratedaihgroups that had
the clove (oil, powder and extract). However, Gf4reated rats with clove
extract (200mg\kg) showed the lowest effect in tipgd improvement
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compared to the NC group. From these data, ieiardhat the clove powder
(20mg\kg) had the greatest effect in the decreméftC, TG, LDL-c and
VLDL-c and the increment of HDL-c as compared wiite DC group and
in some parameters it had no significant changesoagared with the NC
group.

One of the frequent side effects of diabetes isHypdemia, which
is characterised by an increase in serum levdistalf cholesterol, TG, and
LDL-c and a decrease in HDL-Erasudaet al., 2017andAbtahi-Eivari et
al., 2021) these may be due to the reduction of insulin ll@reinsulin
resistancéFayad and Schentag, 2017hich resulting in a decrease of the
lipoprotein lipase activity, the key enzyme of |goteins hydrolysis
including TG (Taskinen and Nikkila, 1979) Alloxan administration
increased blood total cholesterol, TG, LDL and VLIvels and lowered
HDL levels, according t§ Hamza and Elshahat 2011)However, raw or
irradiated clove extract improver these changeteo normal valuesAbd
El-Rahman (2015) found that cloves powder reduced the serum total
cholesterol, triglycerides, LDL-c and VLDL-c levet®wever increased the
HDL-c level significantly compared to the DC group.

By regulating lipid metabolisnRourlak et al., (2020)andRabehet
al., (2021)demonstrated that cloves extract significantlyrdased plasma
cholesterol, triglycerides, and LDL levels whileiaasing HDL levels in co
mparison to the DC group. Als&. aromaticumreduced the MDA level
therefore can prevent lipid peroxidativiadav and Bhatnagar, 2007and
Adefegha et al., 2014) because of the capability &. aromaticumto
restore beta cell activities and increase serumlimgevels subsequently,
improving the lipoprotein lipase activity, which gnancrease the serum
HDL level whereas reducing the TG, LDL, and TC lsv& diabetes.
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Table (3): Effect of the clove oil, extract and poder on lipid profiles

G T.C. TG HDL-c LDL-c | VLDL-c T.C LDL/
|Groups
P (mg/dl) (mg/dl) (mg/dl) (mg/dl) | (mg/dl) | /HDLc | HDLc
G1:Negative 77.0 90.6 38.0 23.6
18.12+1.7) 2.02 0.62
Control (NC) +9.08 +9.8 1.5 5.7
G2: Diabetic controll 110.0 175.6 23.0 40.8
35.12+2.8 4.78 1.77
(DC) 1+9.82 +13.76 +4.69 +17.97
G3: Clove oll 76.80 100.6 33.3 28.20 20.12+ 0.76 0.84
(200mg\kg) +5.63* +8.2% £2.1% | 481 | 1.6** ' '
G4:Clove extract 83.8 120.0 29.8 33.6 24.0£2.1
281 1.12
(200mg \kg) £5.9%k | 417 2% +3.7* 19.6**+* ok
G5: Clove 68.4 94.3 34.0 26.7 [18.86%1.3
2.01 0.78
powder(20g\kg) +14.7* £7.1%* 12.34** +5.9%* *

Cholesterol (TC), triglyceride (TG), Low densitypdiprotein (LDL-c),
Very low density lipoprotein (VLDL-c), High densitipoprotein (HDL-c).
Effect of the clove oil, extract and powder on theiver and renal

functions:

It can be seen that the BDH administration ledatsignificant
increase in some indicators of liver damage (seagpartate transaminase
(AST) and alanine transaminase activities (ALT))comparison with the
NC group. Also, a significant increase in serumaym@eatinine, uric acid
and bilirubin levels had been shown in BDH -treatets. Meanwhile,
treatment with clove either oil or powder or extraearly restored the levels
of these parameters towered the NC group level [€Tdl. It could be
noticed that clove powder fulfilled this role wistightly more competence
than clove oil and extract.

These results are parallel téamza and Elshahat (2011)who
indicated that alloxan administration elevated seAST, ALT, ALP, urea
and creatinine levels in rats, however, raw ordiated clove extract
improved these alterations towards the normal gewdlhich indicated that
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the oxidative stress associated with diabetes raayltrin liver and renal
functions impairment and damageorbeset al. 2008 and Pourlaket al.,
2020) Abd El-Rahman (2015); Pourlak et al. (2020) and Rabeh et al.
(2021)revealed that the treatment wigh aromaticunsignificantly extract
decrease the AST and ALT levels compared to thegi@Qp According to

Sharma et al., (2006), diabetes can elevate serum urea and creatinine

levels.. On the contraryRabeh et al., (2021) and Abtahi-Eivari et al.

(2021)found that therapy with S. aromaticum can prewaidative damage
to renal tissue and lower serum urea and creatilewvas in diabetic rats;
these effects may be caused by the herb's potdiuxigant qualities
(Abtahi-Eivari et al., 2017)Moreover,Bakour et al., (2018)reported that
S. aromaticuntan decrease kidney and liver damage caused bydsya
peroxide. AlsoAdam et al. , (2013)found thatS. aromaticumowered the
serum urea level.

Table (4): Effect of the clove oil, extract and poder on the liver and
renal functions:

||Groups ALT AST Urea Creatinine | Uric Acid | Bilirubin
G1:Negative Contro 12.6 28.40 12.2 0.8 2.8 0.45
(NC) 15.85 +4.8 +2.9 +0.10 +0.38 +0.03
G2: Diabetic contro 30.8 454 29.70 2.64 4.04 1.0
(DC) +4.29 +3.50 +3.2 +0.15 +0.58 +0.03
G3: Clove oi 26.2 29.4 24.2 1.86 2.8 0.55
(200mg\kg) 17 .2%%% +2.96* +3.32* +0.43** +0.5** +0.09**
G4:Clove extrac 29.9 41.2 26.1 2.2 3.1 0.62
(200mg \kg) 15.0%** +7.3%** +3.6* 10.17** +0.5** +0.05**
G5: Clovg 214 26.0 23.7 1.7 2.54 0.44
powder(20g\kg) 17.4%* +3.93** +2.6* +0.11** 10.6** +0.06**

Aspartate transaminase: AST alanine transamirzsétias: ALT
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Effect of the clove oil, extract and powder on someplasma
oxidative/antioxidant biomarkers:

The information in Table (5) demonstrated that Blijection
decreased levels of glutathione reductase (GSH)sapdroxide dismutase
(SOD), but that it increased levels of malondiaigkh (MDA) in
comparison to the NC group. Contrarily, rats fediet containing clove
showed considerably higher levels of SOD and GSkdnadompared to the
DC group. It is obvious that clove oil, powder, extract significantly
reversed the changes in biochemical parametergbtran by BDH. Clove
powder treatment on G (5) resulted in a considerdhdp in SOD and GSH
levels as well as a reduction in the increase inAMidought on by the
administration of BDH.

Hamza and Elshahat (201} published similar findings, showing
that diabetic rats given raw or irradiated clovér&st had decreased MDA
concentrations and the level of GSH increased fsgmitly toward the
normal value in comparison to the alloxan grouprth@rmore, according
to( Pourlak et al., 2020)and(Shukri et al., 2010) diabetic rats treated with
clove extract had higher levels of SOD, GPx, andH@8d lower levels of
MDA. Additionally, (Abtahi-Eivari et al., 2021) shown that S. aromaticum
therapy significantly raised blood levels of SODdaBPx while statically
lowering serum levels of MDA in comparison to th€ Qroup.. Its phenolic
and flavonoid components, including eugenol, eubanetate, and thymol,
are responsible for this antioxidant actioNagsar et al., 2007 and
Pulikottil and Nath, 2015). According toQar et al., (2022) treatment with
eugenol boosted myocardial SOD activity, which npagtect the diabetic
heart by strengthening antioxidant defence mechamidn more recent
research, Ali et al. (2022) found that clove floveatract reduced MDA, a
measure of lipid peroxidation, and improved GPx,DSCand CAT
antioxidant activity in streptozotocin-induced desib mice.
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Table (5): Effects of clove oil, extract, and powdeon several
plasma oxidative/antioxidant biomarkers

||Groups MDA U/mL  SOD mg/L  |GSH U/mL
||Gl:Negative Control (NC) 11.26+1.4 1.54+0.12 [9.27+0.6

lc2: piabetic control (DC) 19.2+0.8 0.26£0.09 | 4.22+1.54
||GS: Clove oil (200mg\kg) 14.0£1.2* 0.67+0.05*** | 6.25+0.03*
||G4:Clove extract (200mg \kg) [14.45+2.5* 0.65£0.17** | 5.66+0.79*
les: clove powder(2ogkg) ~ [12.5¢1.7+  [0.75:0.20% [7.7+0.88+

Superoxide dismutase (SOD)

Glutathione reductase (GSH),

Malondialdehyde (MDA)
Conclusions:

Cloves(S. aromaticumlan be used as effective herbal medicines
has several beneficial effects on the managementiabetes-induced
complications. Thus it can be considered as a gwodlidate for further
research in patients with diabetes.
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