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ABSTRACT

Dyslipidemia, an established risk factor for coropdeart diseases (CHD), is strikingly common inigrats with
type 2 diabetes mellitus (T2DM). This study ingedéd the effects of some antidiabetic herbs us&hudi Arabia
on lipid profile in diabetic rats. Six experimengoups of adult male Albino rats each consistsaanty five rats.
The first group was considered as a control grolipe rest of groups were affected by induction abeies by
Alloxan. The second group received no treatmeng fhird group was treated with the aqueous extiafcthe
mixture contains an equal ratio of Fenugreek, Nayelnd Termis seeds. The fourth group was treatid the
aqueous extract of Nigella seeds, the fifth groas weated with the aqueous extract of Fenugreeklsand the
sixth one was treated with the aqueous extract eimis seeds. After four weeks of treatment, bio@sm
parameters were performed, including: fasting blogllicose (FBG), serum insulin (SI), and lipid plefi
Pancreatic samples were obtained for microscopid goantitative evaluation. The usage of the miximreach
plant alone improves the dyslipidemia present iabdtic rats. Also, correct the glucose and insukvel.
Microscopically, all treated groups showed a sigwnt increase ing-cell number as compared to non-treated
group. The aqueous extract of the mixture of thdistl herbs is useful in reducing the hyperglycelyiancreasing
insulin level and regenerating-cell of the pancreas. The aqueous extract of theune and Fenugreek are the
most powerful in amelioration of lipid abnormalii@resent in diabetic rats.
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INTRODUCTION

Diabetes mellitus (DM) is possibly the world's &gtgrowing metabolic disease [Patients with T2DM have a
higher incidence of hypertension, dyslipidemia, astgbsity, which contribute to their high risk of OHZ2].
Disturbance of lipid metabolism appears to be aly exent in the development of T2DM, potentialkgpeding the
disease by several years [3]. The spectrum of gigelimia in DM can include all the various typesdgélipidemia
identified in the general population; however, ttigaracteristic features are a high plasma triglgee(TG)
concentration, increased concentration of smalsitigtipoprotein (LDL) particles and low high detyslipoprotein
(HDL) concentration which are attributed mostlyitsulin resistance (IR) and insulin deficiency [4he main
cause of diabetic dyslipidemia is the increased fatty acid release from IR fat cells into theelivn the presence
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of adequate glycogen stores promotes TG productidrich in turn stimulates the secretion very lownsity
lipoprotein cholesterol (VLDL) [5].

The increased number of VLDL cholesterol particad increased plasma TG levels decrease the Iet#Db and
increase the concentration of small, dense LDLigea# via several processes: VLDL transported T@xishanged
for HDL transported cholesteryl ester through tlséom of the cholesteryl ester transfer protein TBE which
results in increased both atherogenic cholest&bl-¥LDL remnant particles and TG rich cholestedapleted
HDL particles [6]. Many plants have been investigated for their ber@fuse in DM and their active principles
have been reported to possess pancreatic betareajlsneration, enhance glucose uptake by adiposeuscle
tissues, inhibit glucose absorption from the intestind glucose production from the liver, and gotéze IR [7].
The literature survey revealed that Nigella (Nigediativa) has been shown to produce multi-systdraieficial
actions including hypocholestermic, hypoglycemid amtioxidant [8]. Oral administration of the etbha extract
of Nigella seeds to streptozotocin induced diabetis for 30 days reduced the elevated levelsafdblucose and
improved altered levels of lipid peroxidation prathibecause of its antioxidant effects [9]. Fenelgr@rigonella
foenum-gracaeum) belongs to the family Fabaceaeisnded in many parts of the world for the treaimef
diabetes. Fenugreek seeds have been shown to pdsgerjlycemic, hypolipidemic, and antioxidant effe[10].
Various hypotheses about the mechanism of the hypegic activity of Fenugreek have been postulateduding
delayed gastric emptying, increase the plasmdiimkavel and an agonist effect on insulin recepfdrl, 12].

The presence of proteins and fiber (galactomannarmenugreek seeds might exert a lipid lowerirfgaf[13] and
may form a viscous gel in the intestine and inhifiitcose and lipid absorption [14]. Termis seedgp{hus termis
or Lupine) are a medicinal plant with potentialualn the management of diabetes. In white mice etttracts of
seeds of the Termis were associated with increederthnce to an oral glucose administration [1®m8 studies
observed a beneficial influence of lupin protein lWood cholesterol concentrations and also paytigl blood
pressure [16]. Our previous work [17] revealed thiaé usage of theses plants corrected the glumeddnsulin
level in the Alloxan induced diabetic rats and nieywe a cardiometabolic protective effect. Basedhenabove
mentioned findings, This study was designed to eémarthe effects of the aqueous extracts of a mixtantaining
equal ratio of Nigella, Fenugreek and Termis andawh of these plants individually on lipid profitediabetic rats.

MATERIALS AND METHODS

The study was approved by the Research Ethics Ctiemsj College of Medicine, Taif University, KSA.

Plant material

The dried seeds of Nigella, Fenugreek and Termishased from a local market in Taif, KSA in Jar012. A
voucher specimen of each plant was kept in the Deeat of Pharmacognosy, College of Pharmacy, Taif
University, KSA.

Preparation of plant extract

Exact weight (50 gm) of the dried powdered seedsigélla, Fenugreek and Termis and a mixture ofabgatio of
the powdered seeds (16.66 g Nigella + 16.66 g ek + 16.66 g Termis) were separately extractéd 100 ml
distilled water each, by the decoction method atpterature 100 °C for five minutes (boiling timepdh extract
was separately filtered through cotton followedré¥iltration through filter paper. The obtaineduaqus extract of
each sample was concentrated under vacuum usiotay evaporator to about 10 ml each followed bmplete
drying by lyophilization method using a freeze-dryte afford dried extracts as follow: Nigella (5.5fn),
Fenugreek (6.48 gm), Termis (5.23 gm) and the mix{6.04 gm). All dried extracts were kept on -4QfCused
for this study. The obtained dried aqueous extrattsigella, Fenugreek, Termis seeds and the mixteach were
suspended in 0.5% carboxymethylcellulose sodium QENolution immediately before use and was given
separately by the oral route of administratiormale albino diabetic rats in a dose 100 mg/kdybeeight [18].

Animals’ material

One hundred fifty adult male albino rats 10-12 vweeafge with body weight ranging between 180-200 gtained
from the Laboratory Animal Unit, King Fahd Medidakesearch Centre, King Abdulaziz University, Jedd&éBA.

All experiments were taken place in the researbbriatories, College of Medicine, Taif UniversitySK. Animals
were housed in a clean rodent cage, in a roomneitttiive humidity not less than 30% and not exaegdi0%, and
room temperature 22 °C - 30 °C, with artificialHighng with a sequence being 12 hours light and d@r$ dark.
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Animals were fed on conventional laboratory anirdadt for rats with an unlimited supply of drinkingater.

Animals were randomly selected, marked to permitugridentification. All animal procedures were penfied

according to the Guide for the Care and Use of taiooy Animals of the National Institute of Health well as the
guidelines of the Animal Welfare Act.

Induction of DM was done in 125 rats by giving a subcutaneoustinjeof Alloxan solution 120 mg/kg (powder
from BDH chemical LTD, England), dissolved in at¢ethuffer (pH 5.5) prepared immediately before ddter an
overnight fast, then 48 hours later, FBG level watermined according to glucose-oxidase methsidg kits from
Diamond Diagnostic. Rats with a blood glucose leaebing from 180 to 250 were considered diabetic.

Plant extracts administration: Aqueous extracts of Nigella, Fenugreek, Termis seed a mixture of equal ratio of
the powdered seeds, each with 0.5% CMC was sepagiten by oral gavage to diabetic rats in a db8@ mg/kg
body weight daily for four weeks.

The experiment was carried out on six groups; gachp contains 25 rats as following:

Group | (Control group): normal rats were given a SC saline solution (00100 gm body eight).

The remaining one hundred diabetic rats were clased as follows:

Group II: was considered a diabetic group without receiging treatment, only CMC.

Group lll: were treated with the aqueous extract of the méxtd equal ratio of the seeds (100 mg/kg of boejgin).
Group IV: were treated with the aqueous extract of Nigelieds (100 mg/kg of body weight).

Group V: were treated with the aqueous extract of Fenugseedéls (100 mg/kg of body weight).

Group VI: were treated with the aqueous extract of Termeésls€100 mg/kg of body weight).

After 4 weeks, all animals fasted overnight, andnthweighted, blood samples were obtained and thén r
sacrificed. The animal is made comfortable in @raéser while maintaining the temperature aroun@4ato 27°C.

If the vein is not visible, the tail is dipped int@arm water (40°C). Local anesthetic cream appdiedhe surface of
the tail 30 min before the experiment. A 23G neésllaserted into the blood vessel and blood itect#d using a
capillary tube or a syringe with a needle. Aftempbeting blood collection, pressure and silveratgrointment is
applied to stop the bleeding. Blood samples cemefl at 4000 xg for 10 min at 4°C and supernatept &n -70°C
for further biochemical measurements. Pancreasvethdhen homogenizes separately, in 2, 5, 20 entddd PBS,
respectively.

Biochemical assaysBiochemical studies were done to assess the fallgwiochemical parameters: FBG, serum
SI, serum TG, serum total cholesterol (TC), HDL &b levels.

Histological studies: The samples of pancreas were fixed at 10% neutriééred formal saline at pH 7.0 for 5
days. Dehydrated in ascending grades of alcohothraded in Benzol. Samples from each group wetgegleed in
paraffin with a melting point between 55 °C and°&6for 4 hours and then paraffin blocks were pregaParaffin
sections were made at 5 um and stained with Hemliioand Eosin for demonstrating any histologichbiges.
Modified Aldehyde Fuchsin [19] for detecting diféet cells of islets of Langerhans was done. Thetises were
examined under the Microscope. Image analysis sygteica DMDFC 299, Germany) was used for detertiona
alpha, beta and delta cell number and diametetgiislet of Langerhans.

Statistical analysis

Data were analyzed using SPSS version 20Fkher exact tests were applied to observe arciassm between
qualitative variables. Quantitative variables wexpressed in means + SDs. The comparison of qaawtitdata
was performed by independent t-test or Mann Whithest according to the normality of distributionr fo
independent variables consisting of two groups andNOVA and Kruskal Wallis test according to thermality
of distribution for independent variables consigtof more than two groups. Statistical significamaes set at 0.05
levels [20]. A p-value of < 0.05 was consideredtagistically significant.

RESULTS
Tables (1, 2), revealed that the serum glucose leised to about 266 mg/dl (p= 0.008) and semsnlin level

fallen to about 21 U/L (p= 0.008) with significanthcrease levels of TC, TG and LDL and a significdecrease in
HDL level in diabetic rats. After the 4th week oféatment, glucose concentrations (mg/dl) were#1258, 131.2
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+4.43,131.2 +1.92 and 134.8 £ 0.83 respectivEhe glucose lowering effect occurs in all trelageoups with a
more marked decrease in the rats treated by mixtuherbs (p<0.001). Also, insulin was statistigalicreased in
all treated groups compared with non-treated g{psp0.001). The rise was more marked in rats tcebyemixture
of herbs (p<0.001). The levels of TC. TG and LDLrevsignificantly decreased when compared with tlabetic
group (p< 0.001). The lowering effect was more iixtare and Fenugreek groups (p<0.001). HDL showed- n
significant increase among all treated groups.dtigfical study of pancreas in treated and non-égkgtoups of rats
were shown (tables 3, 4 and figures 1). Inductibdiabetes by Alloxan in rats had no effect on alpind delta cells
(number, cellular and nuclear diameters). Howesesignificant decrease {itcell number and increase facell
diameter as well as nuclear diameters was founkerdiabetic group as compared to control groug(@®01). All
treated groups showed a significant increasp-@ell number and decrease frcell diameter as well as nuclear
diameters compared to non-treated group (p<0.0@d\ever, the effect ofi-cell number was more marked in rats
treated with a mixture of herbs (p<0.00Mp significant differences between all treated groas regard effects on
B-cell and nuclear diameter.

Table (1) Comparison between control and diabeticrgups as regard metabolic profile

Control Diabetic untreated group
Parameters (N=25) (N=25) P
mean + SD mean = SD
FBG mg/dl 136.8+1.9 266.4 £ 0.89 0.0001
S| ng/ml 41.2+0.83 20.2+14 0.0001
TC mg/dl 143.4+2.2 222.1+1.1 0.0001
TG mg/dl 130.243.0 166.8+4.5 0.000:
LDL-C mg/dl 69.3+2.8 125.9+2.05 0.0001
HDL-C mg/dl | 47.2+0.75 441 +1.4 0.000[L

*Fisher’s Exact
* p-value < 0.05 was considered as statisticallyrsficant.

Table (2) Comparison between diabetic groups as ragd metabolic profile

Diabetic untreated Mixture treated Nigella treated Fenugreektreated Termis treated
rou rou rou rou rou
Parameters (?\nzzg) (?\nzzg) (?\nzzg) (?\1:22) (?\1:22) P
mean = SD mean + SD mean = SD mean * SD mean = SD
FBG mg/dl 266.4 +£0.89 127 +1.58 131.2+4.43 131.2+1.92 34.8+0.8 0.001
SI ng/ml 20.2+14 45.2+3.3 324+3.2 384+15 34.6% 2 0.001
TC mg/dl 222.1+1.1 141.4 £0.79 191.1+2.7 140.6 + 1.3 .8902.7 0.001
TG m/dl 166.8+4.54 138.5+ 3.6 147.7£1.7 136.3+2.4 157.8+3.5 | 0.0001
NS between Mixture and Foenugreek treated groups
LDL mg/dI 125.9 £ 2.05 68 +0.92 1148+1.6 67.8 +2.05 #2125 0.001
HDL mg/dl 441+14 45.8 £0.93 453+24 452 +3 45 452.0 0.294
*ANOVA test
* p-value < 0.05 was considered as statisticallyrsficant.
Table (3) Comparison between control and diabeticrgups as regard to pancreatic cells
Control Group | Diabetic untreated group p
Parameters (N=25) (N=25)
mean = SD mean + SD
Number 2.83+0.64 2.43+1.04 0.01
Alfa cells | Nuclear Diameter, 1.34+0.43 1.50+0.42 0.169
Cell Diameter 3.03+0.60 3.48+0.78 0.016
Number 32.66+13.94 10.8045.14 <0.001
Beta cells | Nuclear Diameter, 1.58+0.35 2.39+0.48 <0.001
Cell Diameter 3.25+0.29 4.49+0.74 <0.001
Number 4.3+1.6 4.40£1.84 0.97
Delta cells | Nuclear Diameter, 2.01+0.47 2.01+0.56 0.929
Cell Diameter 4.45+1.36 4.33+0.62 0.482
*Fisher’'s Exact
* p-value < 0.05 was considered as statisticallyrsiicant.
4
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Fig (1): A photomicrograph of a section in the paneas of a diabetic rat 30 day of herbal mixture sheing decreased signs of vacuolation
in g-cell with normal islets (Hx& E X 400)

A
Fig (2): A photomicrograph of a section in the paneas of a diabetic rat 30 day of Nigella Sativa irested rat illustrating vacuolatedp-
cell, deeply stained nuclei, and with normal isletéHx& E X 400)
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Fig (3): A photomicrograph of a section in the paneas of a diabetic rat 30 day of Terms seeds ingestrat showing vacuolated and
degenerateds-cell. Small islet having cellularity and poor vasularity (Hx& E X 400)

Fig (4): A photomicrograph of a section in the paneas of a diabetic rat 30 day of Foenugreek ingesteat showing less vacuolateg-
cells, and within normal islets (Hx& E X 400)
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Table (4) Comparison between diabetic groups as ragd different pancreatic cells after treatment

Diabetic Mixture Nigella Fenugreek Terms
untreated rats | treated group | treated group | treated group | treated group
(N=25) (N=25) (N=25) (N=25) (N=25)
Number 2.43+1.04 2.40+0.89 2.93+1.74] 2.93+1.74 21800
Alfa cells | Nuclear Diameter| 1.50+0.42 1.27+0.31 1.2540.2 #0228 1.36+0.39
Cell Diameter 3.48+0.78 2.88+0.55 2.96+0.68 2.9680. 3.15+0.73
Number 10.8045.14 34.12+16** 25.90+13.70*  25.90#1IB. 26+10.94*
Beta cells | Nuclear Diameter| 2.39+0.48* 1.32+0.17* 1.31+0.27 .31+0.27* 1.33+0.21*
Cell Diameter 4.49+0.74 3.02+0.46* 2.70+0.381 2.088* 3.06+0.50*
Number 4.40+1.84 3.40+1.10 3.46+0.89 3.43+1.04 Bl416
Delta cells | Nuclear Diameter| 2.01+0.56 1.90+0.63 1.73+0.77 40720 1.83+0.68
Cell Diameter 4.33£0.62 3.66+1.06 3.34+0.64 3.38%0. 3.03+0.46
*ANOVA test

* p-value < 0.05 was considered as statisticallynsicant.
DISCUSSION

The present study was carried out to determineetfeets of aqueous extracts of some antidiabetidiciveal herbs
individually and as a mixture on lipid profile iats with T2DM. Our results revealed a significamtrease in the
levels of TC, TG and LDL and a significant decreaséiDL level in diabetic rats. Dyslipidemia affeny almost
50% of patients with T2DM. An increase in the cartcation of TC and LDL, and a decrease in HDL asoaiated
with a raised risk of CHD [21]. TC, TG and LDL I&¢ were significantly decreased in the treatedugso
compared to non-treated one (p< 0.001). The lowgeegffect was marked in mixture and Fenugreek groups
(p<0.001). HDL showed non-significant increase agah treated groups. This may attributed to tiséimulation
to the most aspects of carbohydrate metabolisnuditg rapid cell glucose uptake, enhanced glucgaresis,
increased absorption rate from the gastrointestiaat and increased insulin secretion [22]. SeVsperglycemia
in diabetic rats in the present work can be comsitlas a direct reflex to the marked hypoinsulirrecgiused by the
selective destructive cytotoxic effect of Alloxan the B-cells of the pancreas [23]. Our results revealedase
lowering effect in all treated groups after the dtbek of treatment which is more marked in the orttreated
group by (p<0.001). Also, insulin was statisticédltgreased in all treated groups compared withdiabetic group
(p< 0.001). The rise was more marked in rats tceaféh herb mixture (p< 0.001).

Abdel Moneim et al. [24] reported that the hypagimic effect of Nigella may be attributed to anreéase in the
Islet numbers and to its effect on the time-coufsglucose reabsorption from the intestine. Ondtreer hand, the
treated groups showed a significant increas@-@ell number and decrease in their diameters ak avalclear
diameter. These plants may have a stimulatory effacthe division of3-cells, block the diabetogenic action of
Alloxan and restore insulin production [25]. Augushd Sheela, 1996, [26] mentioned that some plexst their
effect onp-cell through both protection of the already prégecell due to their antioxidant effect and through
stimulation of thep-cell to release insulin. Akash et al. [27] men&dnthat some medicinal herbs may have
antioxidant effects especially Nigella. Marles kt[85] suggested that, the hypoglycemic effecs@fne medicinal
plants could be attributed to factors other thamdation of insulin release only, e.g. Their effen the number
and /or affinity of insulin receptors on targetlselnd the post-receptors of these cells.

Zahida et al. [28] found that Nigella decreasedle$terol 14.58%, LDL 23%, triglycerides 15.16% avidDL
15.16%, whereas HDL increased 3.18%, significa(fly0.05) after six months of treatment and conduthat
Nigella has ability to reduce the lipid profile whiis a major risk factor for coronary artery disgan cardiac
patients. Ghazi Mahmood et al. [29] stated thageNa is more effective than Gemfibrozil in hyppitiemia and it
can be used as an add on drug therapy in patiéntetabolic syndrome with poor glycemic control.eTmost
important action of Nigella that may be responsifoeits beneficial effect in metabolic syndromeitis insulin
sensitizing action [12]. Similarly the effects ofgdlla seeds on the blood levels of cholester@|ywerides, HDL
and LDL in white albino rats were studied by Aliadt, (2003) [30] a total of 200 rats, 150 expental and 50
controlled were included in the study. Six dosesNajella sativa were used (50, 100, 200, 300, 468 %00
mg/day/200g rat). The dose was given for five darst 1, 4, 7, 10, and 14 days. Generally, all dasfeNigella
sativa produced significant reduction in the bloexkl of all studied parameters. There was no limese or time
dependent effect of Nigella sativa on these pararsefThe effect of Nigella sativa started after aysd and
continued some swings, for the rest of the duration
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The effective dose of Nigella sativa seemed tbéveen 100-400 mg/kg. The carbonyl fraction ofgbed extract
has got excellent choleretic activity which mayeaff the body total lipid concentration and help vpre
atherosclerosis [28]. Sirtori et al. (2004), [313cashowed that lupin protein isolates were ableettuce plasma
total, VLDL and LDL cholesterol concentrations iats. This effect was associated with the stimufatib LDL
receptors by a well-defined protein component efltipin seeds, as demonstrated by in vitro stutfieshie-Stark
and Wa'sche (2004), [32] also showed that the egpbin of lupin-isolated protein had the capaciybtnd bile
acids to nearly the same extent as cholestyramBimilarly, Martins et al. (2004, 2005), [33] found
hypocholesterolemic effect of Termis and stated tthia effect was mainly the consequence of a nthdezrease in
the intestinal absorption of cholesterol probablydulated by bile acid reabsorption and a higheterdrof dietary
phytosterols. Bahr et al. (2013), [34] found thatnadest amount comprisirgb.0 g/d of additionally consumed
Termis is capable of lowering total and LDL choést concentrations as well as the LDL:HDL choledteatio
from baseline to week 4, primarily in subjects witlgher hypercholesterolemia. Proteins, galactormaanand
polyphenols from Fenugreek seeds have been reprtetjulate dyslipidemia in obese and diabetientsl The
presence of these phytoconstituents effectiveljbitthfat accumulation and ameliorate dyslipidemiabese rats,
which is due to the improvement in glucose andllipietabolism, increased insulin sensitivity, impr@ntioxidant
defense, and downregulation of lipogenic enzymé&s [3

CONCLUSION

The aqueous extract of the mixture of the studiexb$ (Nigella, Fenugreek and Termis) is usefuleiducing the
hyperglycemia by increasing insulin level and regating p-cell of the pancreas. The aqueous extract of the
mixture of the studied herbs and Fenugreek is thstmpowerful in amelioration of lipid abnormalitipsesent in
diabetic rats either through control of DM and diraction on associated dyslipidemia without adside effects.
More studies on these plants are advised to be datle different doses and for different periods dyef
recommending their use on a wide scale.
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