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Abstract: Diabetes is a leading health problem worldwide, so researchers continue to seek out plant-based 

therapies that potentially are more acceptable than pharmaceuticals in society. The current case study was conducted 

to gauge the effectiveness of four multiherbal compositions, including three or two of the following ingredients: 

cardamom pods (Elettaria cardamomum), lime fruit (Citrus aurantifolia), and frankincense resin (Boswellia sacra). 

The mixtures were tested on rabbits induced experimentally with diabetes using alloxan. Thirty New Zealand 

rabbits were collected then broken into ten groups of three. One group was used for the negative control, and the 

other nine were induced to diabetes using alloxan (100 mg/kg) following weekly injections. Diabetes was confirmed 

by hyperglycemia, which was measured before and after the injections. The four multiherbal compositions were as 

follows: Citrus Elettaria Boswellia Extract (CEBE), all three species; Citrus Boswellia Extract (CBE), just lime and 

frankincense; Citrus Elettaria Extract (CEE), lime and cardamom; and Elettaria Boswellia Extract 

(EBE), cardamom, and frankincense. Each composition was administered once daily, at two concentrations (500 

mg/kg and 250 mg/kg). As expected, diabetic rabbits lost significant body weight in proportion to their blood 

glucose levels. The lipid profile (total cholesterol, triglycerides, high-density lipoprotein, low-density lipoprotein, 

very low-density lipoprotein) also significantly increased across all parameters with diabetes. The utilization of 

plant extracts dramatically improved blood biomarkers of cholesterol and triglycerides, weight, and blood glucose 

levels. Interestingly, the lower concentration of plant extract was more effective at normalizing blood parameters, 

which may be related to processes in the liver, i.e., xenobiotic metabolism. 

Keywords: citrus Elettaria Boswellia extract, citrus Boswellia extract, citrus Elettaria extract, Elettaria 

Boswellia extract. 

評價一種傳統草藥混合物在四氧嘧啶誘導的糖尿病兔中的抗糖尿病活性 

摘要：糖尿病是全球主要的健康問題，因此研究人員繼續尋找可能比社會上的藥物更容

易接受的基於植物的療法。當前的案例研究旨在評估四種多草藥組合物的有效性，包括以下

三種或兩種成分：荳蔻莢、酸橙果、和乳香樹脂。使用四氧嘧啶在實驗性誘發糖尿病的兔子

身上測試了這些混合物。收集了三十隻新西蘭兔，然後分成十組，每組三隻。一組用於陰性

對照，另外九組在每週注射後使用四氧嘧啶（100 毫克/公斤）誘導糖尿病。糖尿病通過在註

射前後測量的高血糖得到證實。四種多草藥組合物如下：柑橘蓮藕乳香提取物，所有三種；

柑橘乳香提取物，只是酸橙和乳香；柑橘蓮藕提煉、酸橙和荳蔻；和蓮藕乳香提煉、荳蔻和

乳香。每種組合物以兩種濃度(500 毫克/公斤和 250 毫克/公斤) 靜脈內給藥，每天一次。正

如預期的那樣，糖尿病兔子的體重與其血糖水平成正比。血脂（總膽固醇、甘油三酯、高密

度脂蛋白、低密度脂蛋白、極低密度脂蛋白）在糖尿病的所有參數中也顯著增加。植物提取

物的利用顯著改善了膽固醇和甘油三酯、體重和血糖水平的血液生物標誌物。有趣的是，較

低濃度的植物提取物在使血液參數正常化方面更有效，這可能與肝臟中的過程有關，即外源

性代謝。 
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1. Introduction 

From the medical side, diabetes represents a series 

of disordered metabolic and autoimmune conditions 

related to what is referred to as hyperglycemia, i.e., 

hyperglycemia resulting from partial or total insulin 

deficiency. This rise is often estimated by calculating 

blood glucose [1]. 

Diabetes mellitus, as defined by the International 

Diabetes Federation, may be a long-term (chronic) 

condition that happens when glucose levels during a 

person's blood are above normal because the body 

cannot produce enough or not produce any amount of 

the hormone insulin or the insulin produced could also 

be used ineffectively. High blood glucose is classified 

as a chronic imbalance in body functions and should 

also cause failure in various organs like kidneys, eyes, 

heart, nerves, and blood vessels [2]. 

Scientists exploited some characteristics of a gaggle 

of chemicals within the development of diabetes to 

conduct scientific experiments to discover the 

acceptable treatment for the disease, including alloxan 

and streptozotocin [3]. Alloxan is understood together 

with the toxic glucose analogs; it targets pancreatic 

beta cells liable for making insulin and works to 

destroy them specifically [4]. The mechanism of action 

of alloxan on pancreatic beta cells involves oxidation 

of the SH-sulfhydryl group [5]. Some studies have 

shown that this compound is characterized by two 

functions that are evidence for the mechanism of action. 

The primary is to selectively block the action of 

glucokinase, which is the main catalyst for insulin 

secretion from beta cells, and therefore the second 

function is to get free radicals through oxidation and 

reduction, which successively results in the necrosis of 

pancreatic cells [6]. 

A complete cure for diabetes has not yet been 

discovered. The treatments used are for the aim of 

regulating and maintaining blood sugar, like insulin 

injections, which relieve symptoms and prevent the 

consequences of high sugar on the body, like renal 

failure, protecting the guts, and preventing amputation 

of limbs. Some also use medications to scale back the 

rise in glucose in diabetic patients [7]. 

Nature has always been the most source of what 

humans need in terms of food, clothing, transportation, 

and medicines. Plants are the idea that medical systems 

have been inherited for thousands of years and still 

provide humans with appropriate treatments for several 

diseases. It had been experienced and a real 

understanding that gave humans complete knowledge 

of handling plants to be used in treatment [8]. It is 

known that the effectiveness of medicinal plants and 

their pharmacological action is thanks to their diversity 

with the chemical compounds they contain Among 

these compounds are alkaloids, glycosides, lactones, 

tannins, proanthocyanidins, dyes, ecdysones, saponins 

[9].  

Elettaria cardamomum is one among the species of 

the Zingiberaceae family because it is named (the king 

of spices) [10]. The historical medical use of the plant 

as a remedy for abdominal pain, sciatica, cough, strong 

tonic, and diuretic, but currently, it is used for asthma, 

bronchitis, influenza, infection, diarrhea, cataracts, 

heart disorder, and nausea [11]. Cardamom contains 

many components like carbohydrates, protein, and fats 

in several proportions. It also contains a gaggle of 

essential minerals like magnesium, calcium, 

phosphorous, potassium, iron, and sulfur. Additionally, 

zinc, manganese, and copper are often present in 

proportions that will be large [12]; it also contains 

active ingredients in its composition like tannins, starch, 

terpenoids, phenols, flavonoids, sterols, and proteins 

[10]. Cardamom is additionally a source of alkaloids 

and anthocyanins [13]. 

Citrus aurantiifolia, referred to as lime, belongs to 

the family: Rutaceae is cultivated in tropical or 

subtropical regions with multiple nutritional and 

therapeutic uses. From the medical side, studies 

indicate its use to alleviate pharyngitis, fever, colds, 

cough, and indigestion [14]. Other medicinal uses of 

lime-like are laxative, flatulence, bronchitis, sinusitis, 

and asthma, and it is also useful for getting obviate 

obesity and as a treatment for rheumatic infections of 

the joints. It is also used as an antidepressant [15]. 

The main known components of this sort are 

flavonoids and vitamin C, also because of alkaloids, 

phytosterols, coumarins, and phenolic acids, which are 

biologically active [16]. 

Boswellia sacra belongs to the Burseraceae, 

specifically the Boswellia, which incorporates many 

species cosmopolitan around the world. It is often 

noted that there are 23 species of this genus that grow 

on the coasts of India and Africa and within the 

Arabian Peninsula region [17].  

Frankincense has protective effects on the liver and 

also acts as a pain reliever, and has antioxidant 

activities. It is also used as an anti-coagulant, diuretic, 

tumor suppressant, stomach, skin, and liver disorders, 

and anti-inflammatory. It also improves the 

consequences of Alzheimer's disease [18]. On the 

opposite hand, it is used as a mouth freshener, an 

antimicrobial agent, and resin oils to treat 

dysmenorrhea, ulcers, gums, wounds, and an anti-
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inflammatory agent [19]. On the opposite hand, it is 

used to treat infections of the bronchi, mouth, and tract 

[20]. 

Boswellia features a complex group of chemical 

compounds of about 200 different compounds. The 

chemical composition can show compounds like 

saponins, Penta- and tetracyclic terpenoids, alkaloids, 

tannins, polyphenols, and essential oils. The special 

activity of frankincense in medicinal use is thanks to 

the presence of pentacyclic Boswellic acids 

additionally to other compounds that also are 

medicinally active [21]. 
 

2. Materials and Methods 
 

2.1. Experiment Animals 

The study was started in November of 2020 and 

until the start of March of the year 2021, during which 

male New Zealand rabbits were obtained from some 

animal breeders in Baghdad, Qadisiyah, and Karbala 

governorates were used. Thirty rabbits were obtained, 

and their initial weights ranged from 1250 g to 1988 g. 

They were placed in separate cages inside a single-

purpose room with controlled environmental conditions 

like temperature and ventilation. 

 

2.2. Induction of Diabetes Mellitus  

The alloxan, obtained by CDH Central Drug House 

(P) Ltd. (New Delhi, India), was dissolved in sterile 

saline to make a 50% solution (W/V). Alloxan was 

administered to fasting rabbits (12 hours fasting) after 

thawing at a dose of 100 mg/kg of body mass via a 24-

cannula placed within the marginal ear vein. Animals 

were then subcutaneously injected with 10 ml of 

glucose solution [22]. The animals were also provided 

with food immediately after injection and had access to 

a glucose solution (20%) during the first twenty-four 

hours to scale back the shock of hypoglycemia due to 

treatment with alloxan. After the initial alloxan 

injection, the animal received a second dose of alloxan 

(100 mg/kg intravenously) to maintain a raised blood 

sugar level. Diabetes was measured (Accu-Chek, 

Roche Diabetes Care, Inc., Indianapolis, IN, USA), and 

animals that showed a big increase in blood sugar 

levels (BGL) above 250 mg/dL were considered 

diabetic [22]. 

 

2.3. Experimental Design 

The animals were randomly distributed into ten 

groups, and every group was placed in a cage with 

dimensions of 60 cm x 50 cm x 50 cm for length, width, 

and height, respectively. The groups were divided into 

two control groups, the negative control group (three 

animals) and the positive control group (three animals). 

Then the remaining animals were allocated to the 

treatment groups, which were divided into eight groups 

of three. Each group was dosed daily with differing 

types and concentrations of plant extracts prepared 

before the beginning of the study and administered 

intravenously. The compositions were as follows; 

CEBE, all three species (six animals, two doses; 250 

mg/kg – three animals, & 500 mg/kg – three animals); 

CBE, just lime and frankincense (six animals, two 

doses); CEE, lime, and cardamom (six animals, two 

doses); and EBE, cardamom and frankincense (six 

animals, two doses). 

1. Group AA received CEBE plant extract at a 

dose of 500 mg/kg for 14 days. 

2. Group AB received CEBE plant extract at a 

dose of 250 mg/kg for 14 days. 

3. Group BA received CBE plant extract at a dose 

of 500 mg/kg for 14 days. 

4. Group BB received CBE plant extract at a dose 

of 250 mg/kg for 14 days. 

5. Group CA received EBE plant extract at a dose 

of 500 mg/kg for 14 days. 

6. Group CB received EBE plant extract at a dose 

of 250 mg/kg for 14 days. 

7. Group DA received CEE plant extract at a dose 

of 500 mg/kg for 14 days. 

8. Group DB received CEE plant extract at a dose 

of 250 mg/kg for 14 days. 

 

2.4. Preparation of Plant Aqueous Extracts 

The plant parts extracted were the seed pod and 

seeds of cardamom (Elettaria cardamomum), the fruit 

of lime (Citrus aurantifolia), and the oleo-gum resin 

from frankincense (Boswellia sacra). Different 

combinations of plant material were combined and 

extracted according to the following: CEBE, all three 

species; CBE, just lime and frankincense; CEE, lime 

and cardamom; and EBE, cardamom, and frankincense. 

The aqueous extracts of the plants under study were 

prepared after mixing 40 g of the combined material 

with 160 ml of water. Mechanical crushing was 

completed using an electric mixer, and then the mixture 

was left for twenty-four hours at a temperature of 4°C 

for soaking. The mixture was after that filtered using 

several layers of gauze filters. The filtrate was 

centrifuged at 3000 rpm for 10 minutes, and then the 

supernatant was filtered again, employing a Buchner 

funnel using Whatman paper. The filtrate was 

gradually dried using an air incubator at 37°C. The 

extracts were kept in tightly closed plastic containers 

until use. 

 

2.5. Blood Sampling 

Blood samples were drawn at the top of the dosing 

period with the extracts through a quick heart stab and 

before sacrificing the animals with a volume of 5 ml to 

make tests for lipid profile (TG, TC VLDL, LDL, HDL) 

and antioxidant tests. Blood samples were placed inside 

a serum separating gel tube and left for a minimum of 1 

/ 4 of an hour at temperature, and then the tubes were 
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transferred to a serum separating gel tube centrifuge, 

discarded at 4000 pm, for 10 minutes. Then the serum 

was separated using micropipettes placed in Eppendorf 

tubes and sent to the laboratory for lipid profile tests, 

while a variety of them was kept at -20°C for later use. 

 

2.6. The Statistical Analysis 

For statistical analysis, the variance analysis 

(ANOVA) was utilized to compare among different 

variables; values were presented as the mean ± SE of 

triplicate measurements. 

 

3. Results 
 

3.1. Qualitative and Quantitative Disclosures for 

Plant Extracts 

The active ingredients in the four plant extracts 

(CEBE, CBE, EBE, and CEE) were qualitatively 

assessed using colorimetric assays, and the presence of 

active metabolites was evidenced for flavonoids, 

phenols, tannins, and alkaloids (Table 1). By cross-

examination of the botanical ingredients, it is clear that 

tannins are lower in frankincense resin. Cardamom and 

lime appear to be good sources of flavonoids, and all 

ingredients are rich in phenols.  

 
 Table 1 Qualitative and quantitative disclosures for plant extracts 

 CEBE CBE EBE CEE 
Measuring 

unit 

Flavonoids 0.7 0.2 1.0 0.3 GAE/g 

Phenols 5.9 6.0 5.8 5.5 Catechin/g 

Tannins 2.1 1.3 1.3 2.0 Quercetin/g 

Alkaloids 2.3 2.0 2.3 2.2 mg /g 

 

3.2. Body Weight 

Statistical analysis of the results of the weights 

obtained from the study showed a significant decrease 

(p ˂ 0.05) of rabbits' weights at the end of the study. In 

the positive control group (Table 2) with alloxan but no 

treatment, the mean mass of 1416.33 ± 77.3 g at the 

start contrasts with the average mass at the end of the 

study, which was 1177.3 ± 108.0 g. Therefore, it is 

evident that the rabbits lost a significant amount of 

body mass in their diabetic state. In contrast, in the 

treatment groups (Table 3), most animals either 

maintained their mass or lost mass not exceeding 10%. 

 
Table 2 Difference of mass in the positive control group with 

alloxan but no treatment 

Duration 
Before  

Alloxan 

After  

Alloxan 

One week  

after Alloxan 

Two weeks  

after alloxan 

Weights 

(grams) 

1416.33  

± 77.3 

1311.0  

± 53.8 

1476.71 

± 35.462  

1177.3  

± 108.0 

Note: Values represent mean ± standard error. 

 

Table 3 Masses of rabbits after induction to diabetes using alloxan, 

before, during, and at the end of treatment (8 treatments) 

 
Mass 

pre-treatment 

Mass 1-week 

treatment 

Mass 

 2-weeks 

treatment 

G1 

CEBE 500 mg/kg 

1477.7 

± 112.6 

1361.7 

± 113.2 

1382.7 

± 75.7 

G2 

CEBE 250 mg/kg 

1596.0 

± 57.5 

1527.7 

± 81.5 

1452.0 

± 88.6 

G3 

CBE 500 mg/kg 

1350.7 

± 115.5 

1252.3 

± 95.2 

1277.5 

± 196.5 

G4 

CBE 250 mg/kg 

1483.3 

± 38.7 

1425.3 

± 49.2 

1385.3 

± 43.7 

G5 

EBE 500 mg/kg 

1677.0 

± 97.3 

1645.0 

± 106.0 

1644.0 

± 78.3 

G6 

EBE 250 mg/kg 

1662.3 

± 118.4 

1546.3 

± 116.3 

1591.7 

± 136.3 

G7 

CEE 500 mg/kg 

1528.3 

± 11.7 

1479.3 

± 38.1 

1519.7 

± 22.9 

G8 

CEE 250 mg/kg 

1610.3 

± 80.8 

1576.0 

± 51.2 

1535.7 

± 54.3 

Control 

± Alloxan 

1311.0 

± 53.8 
n.d. 

1177.3 

± 108.0 

Control 

 

1321.3 

± 21.5 

1357.3 

± 23.4 

1486.0 

± 24.7 

Note: Values represent mean ± standard error. 

 

3.3. Changes in Blood Glucose Level 

The statistical results showed a significant (P<0.05) 

increase in the average glucose level in the 

experimental animals. An increase in glucose level was 

observed after the development of diabetes mellitus 

through the injection of Alloxan (Table 4). It was 

noticed that the glucose percentage increased 

significantly (P<0.05) when injecting alloxan at a 

concentration of 100 mg/kg for the first time. A 

significant increase was also evident (P<0.05) after the 

second alloxan injection. On the other hand, a 

significant decrease (P<0.05) in the glucose level was 

observed between the period before dosing with the 

extracts and the period of the second week of dosing 

(Table 5). The data demonstrate that some treatments 

were more effective than others and that a dose-

response curve is true. 

In some cases, the treatments could return blood 

glucose levels to within normal ranges after two weeks 

of treatment. These more potent treatments were lime 

and cardamon and lime and frankincense. 

Unfortunately, the treatments did not include lime, or if 

the lime content was diluted due to a higher diversity of 

ingredients, the efficacy diminished. Thus, lime is a 

promising candidate for further study. 
 

Table 4 Blood glucose levels of animals with Alloxan-induced 

diabetes 

Duration 

Glucose 

pre-

alloxan 

Glucose level 

second alloxan 

Glucose 

level 

diabetes 

Glucose 

level 

final 

Glucose 

level 

106.0 a 

±7.1 

227.3 a 

± 68.5 

358.3b 

±11.0 

552.7c 

± 61.1 

Note: Values represent mean ± SD, different letters represent 

significant differences (p≤0.05) 
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Table 5 Difference in blood glucose level 

 
Glucose 

before 

treatment 

Glucose 

one week of 

treatment 

Glucose 

two weeks of 

treatment 

G1 

CEBE 500 mg/kg 

406
a 

± 123.4 

493
 a 

± 98.0 

429.3
 a 

± 156.0 

G2 

CEBE 250 mg/kg 

520
a 

± 130.0 

453.3
 a 

± 118.7 

553.7
 a 

± 50.9 

G3 

CBE 500 mg/kg 

409.3
 a 

± 73.9 

260.7
 a 

± 67.9 

122
b 

± 75.8 

G4 

CBE 250 mg/kg 

463.3
 a 

± 103.4 

225.7
 a 

± 29.4 

351.3
 a 

± 99.9 

G5 

EBE 500 mg/kg 

402.3
 a 

± 38.4 
273.3

 a 

± 106.8 

332
 a 

± 166.6 

G6 

EBE 250 mg/kg 

541
 a 

± 109 

462
 a 

± 94.2 
385

 a 

± 48.7 

G7 

CEE 500 mg/kg 

465.3
 a 

± 94.4 
122

b 

± 20.7 

115.7
b 

± 10.6 

G8 

CEE 250 mg/kg 

568.7
 a 

± 40.8 
578

 a 

± 41.3 

236.7
b 

± 9.0 

Note: Values represent mean ± SD, different letters represent 

significant differences (p≤0.05). 

 

3.4. Lipid Profile 

After conducting a statistical analysis of the data of 

lipids in the blood plasma of rabbits, it was noticed that 

there are significant differences between treatments and 

the negative control with Alloxan (Table 6). However, 

although all treatments demonstrated an improvement 

compared to alloxan alone, there was minimal dose-

response confirmation. Treatments that improved the 

glucose profiles (Table 5) were the best lipid profiles. 

The inverse dose-response for some of the treatments 

indicates potential liver toxicity at higher treatment 

concentrations. 

 
Table 6 Plasma lipid profiles of rabbits 

 TC TG HDL LDL VLDL 

G1 

CEBE 500 mg/kg 

b
 93.3 ±

4.5 

a
135.0 

±20.4 
b
10.3 ±2.6 

b
56.0 ±4.6 

a
27.0 ±4.1 

G2 

CEBE 250 mg/kg 

a
59.0 ±

6.9 

a
71.0 

±3.8 
a
13.0 ±2.5 

a
31.8 ±4.0 

a
14.2 ±0.8 

G3 
CBE 500 mg/kg 

a
58.5 

±3.5 

a
84.0 ±

6.0 
b
10.5 ±0.5 

a
31.2 ±2.8 

a
16.8 ±1.2 

G4 

CBE 250 mg/kg 

a 
75.7 ±

17.1 

a
 110.7 ±

27.0 

a 
13.3 

±1.7 

a
 40.2 

±10.4 

a 
22.1 

±5.4 

G5 
EBE 500 mg/kg 

b 
100.3 ±

18.8 

a 
153.7 ±

29.9 

a 
16.0 

±2.0 

b 
53.6 

±10.9 

a 
30.7 

±6.0 

G6 
EBE 250 mg/kg 

b 
110.3 ±

16.6 

a 
168.7 

±51.1 

a 
14.3 

±2.4 

b 
62.3 

±4.0 

a 
33.7 ±

10.2 

G7 
CEE 500 mg/kg 

a
 76.0 ±

11.1 

a 
127.0 

±27.4 

a 
14.7 

±1.8 

a 
35.9 ±

7.4 

a 
25.4 

±5.5 

G8 
CEE 250 mg/kg 

a 
59.3 

±9.7 

a 
89.3 

±11.8 

b 
12.0 

±0.6 

a 
29.5 

±6.9 

a 
17.9 

±2.4 

G- 

+Alloxan 

b
113.0 ±

7.4 

a 
146.7 

±27.8 

b 
12.7 ±

1.5 

b
71.0 ±

10.6 

a 
29.3 

±5.6 

G- 

- 
c
40.3 ±4.4 

b 
67.0 

±8.7 
c
6.7 ±1.2 

c
20.3 ±1.9 

b 
13.4 

±1.74 

Notes: TC - total cholesterol, TG - triglycerides, HDL - high-

density lipoprotein, LDL - low-density lipoprotein, VLDL - very-

low-density lipoprotein; 

Values represent mean ± standard error; 

* Different letters represent significant differences (P< 0.05). 

 

4. Discussion 
It is noticed from the statistical analysis that there 

are changes in rabbits' weights. There was a weight loss 

in the groups treated with alloxan to induce diabetes 

compared to the negative control group that was not 

treated with alloxan.  

This decrease in weight can be explained by the fact 

that the pancreatic beta cells responsible for insulin 

production were significantly damaged after treatment 

with alloxan. This damage leads to a decreased 

production or absence of the hormone insulin. Insulin 

is responsible for bringing glucose into the cells to 

carry out the process of glycolysis, which provides the 

energy needed for the cells. The body compensates for 

the lack of energy obtained through glycolysis with 

gluconeogenesis, which requires catabolism processes 

for fats and proteins to release energy for use by cells. 

The statistical analysis showed that the dosed 

extracts, in general, stopped the weight deterioration, 

but it was noted that there was a weight gain after the 

second week of dosing. This weight gain may be 

attributed to the role of the active substances in the 

extracts on stimulating beta cells to secrete insulin and 

reduces oxidative damage due to hyperglycemia, 

improving insulin sensitivity, which in turn enhances 

the structural state of proteins and fats, which were the 

main source of body energy, as well as controlling the 

metabolic activity of carbohydrates. It was also found 

that the presence of lemon leads to an increase in 

appetite and contains antioxidants, which in turn 

regulate the digestive process [23]. 

The current study results showed that treatment with 

alloxan caused a significant increase in glucose in the 

blood of rabbits. The reason for this could be the 

damage to pancreatic beta cells caused by alloxan, thus 

inhibiting insulin production, which in turn prevents 

glucose from entering the cells, which leads to the 

accumulation of glucose in the blood, which is the 

reason for measuring the high level [24]. The reason 

for the high level of glucose can also be attributed to 

the alloxan effect on some vital body activities, such as 

its interference in the activity of compounds containing 

the sulfhydryl group included in enzyme glucokinase 

synthesis, and thus the loss of the enzyme 

effectiveness, which has an important role in the 

process of glycolysis [25]. 

For example, we note that the extract with the 

highest diversity of ingredients (CEBE at a 

concentration of 500 mg/kg and 250 mg/kg) did not 

cause changes in the upward level of glucose in the 

first week of dosing, but the continuation of the dose 

for the second week led to a decrease (not statistically 

significant) at the concentration of 500 mg/kg. The rise 

in blood sugar at the concentration of 250 mg/kg for 

CEBE demonstrates that a dose-dependency exists. A 

noteworthy outcome was derived from the use of the 
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combination of cardamon and lime (CEE), which at a 

concentration of 500 mg/kg led to a significant 

decrease during both the first week and the second 

week of dosing, but at a concentration of 250 mg/kg 

only lowered blood sugar in the first week, but was not 

strong enough to maintain this effect into the second 

week of dosing. 

All of the extracts demonstrated some ability to 

reduce the blood glucose level of the animals. It is 

considered that the phytochemicals responsible for 

these positive effects may be recognized at a class level 

as conferring effects. For example, flavonoids are 

generally known for their antidiabetic or anti-

hyperglycemic activity conferral. There is also a role 

for vitamin C, which is present in lemon extracts, in 

reducing the destructive role of free radicals that 

destroy insulin-secreting cells.  

The statistical analysis of the average cholesterol 

ratio of the infected and dosed groups with the positive 

and negative control group showed significant 

differences. It was noticed that the groups (G2, G3, G4, 

G7, and G8) showed significant differences (P<0.05) 

with the alloxan-positive negative control group. On 

the other hand, some treatments were significantly 

different from the alloxan-negative control group (G1, 

G4, G5, G6, and G7). The level of cholesterol in the 

blood depends on the activity of the enzyme 

Cholesterol Acyl Transferase. Cholesterol absorption in 

the intestine and its concentration increase in the blood 

depend on its absorption of larger amounts of 

cholesterol. The absence of insulin stimulates this 

enzyme, so the increase in cholesterol after injection 

with alloxan is due to the high activity of this enzyme, 

as alloxan works to destroy insulin-producing cells, 

causing severe or complete lack of insulin level. The 

treatments helped lower cholesterol in rabbits' blood 

because they enhanced the oxidation of cholesterol 

particles and eventually converted them into bile salts. 

Another possibility is that the treatments inhibited 

intestinal absorption of cholesterol and thus prevented 

its accumulation in the blood. A third possibility is 

increased cholesterol secretion to the intestines as a 

form of elimination. Lastly, blocking cholesterol 

synthesis is also possibly one of the causes of 

cholesterol-lowering by plant extracts consistent with 

other studies. 

The statistical tables showed a difference in the non-

significant rise (P˃0.05) of the TG ratio between the 

dosed groups (G1, G2, G3, G4, G7, and G8) and 

between the negative control groups. Also, the groups 

(G5 and G6) showed a significant increase (P<0.05) 

when compared to the negative control group. The 

comparison between the infected and dosed groups 

with the extract (G1, G2, G3, G4, G7, and G8) and the 

Alloxan-control group showed a non-significant 

decrease (P˃0.05), while the groups (G5 and G6) had 

an insignificant increase (P<0.05). 

The activity of the lipoprotein lipase enzyme for 

reducing blood lipids is related to the presence of 

insulin, but in the presence of severe insulin deficiency 

due to diabetes mellitus, the action of the lipase 

enzyme is inhibited. Thus, the breakdown of fats is 

reduced, leading to an increase in triglycerides. In the 

current study, the decrease in triglycerides after 

treatment is likely to be the therapeutic effect of plants 

in improving the level of insulin release and regulating 

metabolic processes on fats and carbohydrates.  

The statistical results of HDL levels for the groups 

treated with the extracts G2, G4, G5, G6, and G7, 

compared with the Alloxan control group, showed 

significant differences (P<0.05) involving a lowering 

of HDL. The reason for the low level of HDL may be 

attributed to the lack of insulin that occurs as a result of 

damage to the insulin-producing beta cells in the 

pancreas caused by alloxan, and this, in turn, leads to 

the activation of the hepatic liver lipase (HL) enzyme 

responsible for the breakdown of fats. Since HDL 

molecules are rich in triglycerides, the increase in its 

percentage in the blood creates a suitable environment 

for the work of the Hepatic lipase (HL) enzyme, and as 

a result, the HDL particles will be digested, and their 

percentage in the blood will decrease. The use of some 

plants, especially those containing flavonoids such as 

Citrus aurantifolia, leads to an increase in HDL-C in 

the blood plasma. The increase may be attributed to the 

inhibition of the cholesterol ester transfer protein 

(CETP). In the CETP protein, they were found to have 

a high level of HDL-C. 

The statistical analysis of LDL percentage showed 

that several groups (G2, G3, G4, G7, and G8) caused a 

significant (P<0.05) decrease in comparison with the 

Alloxan control group (71.00 ± 10.621). It was also 

noted that there were significant differences between 

some groups (G1, G5, and G6) and the Alloxan control 

group if they were compared with the Alloxan-negative 

control group (20.27 ± 1.919). The reason for the 

elevated LDL level caused by alloxan may be the 

inactive status of the enzyme lipoprotein lipase, which 

is responsible for breaking down triglycerides due to 

diabetes. The plant extracts generally decreased LDL 

may be due to the improvement of the body's metabolic 

activities after dosing with the extracts. It is clear that 

the flavonoids and phenols in the plant components, 

including Citrus aurantifolia, play an important role in 

reducing the ratio of LDL and VLDL. In addition, 

flavonoids have antioxidant activity and reduce 

reactive free radical species that inhibit cholesterol 

synthesis and absorption. 

Statistical results showed a significant increase 

between groups (G5 and G6) compared to the Alloxan-

negative control group, and all groups showed a clear, 

insignificant decrease (P˃0.05) after comparing them 

to the Alloxan-positive control group. Alloxan 

increased VLDL level is likely due to the increased 
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lipolysis in the adipose tissue. Also, enzyme 

lipoprotein lipase inhibition causes a reduced number 

of receptors due to diabetes to prevent the entry of 

VLDL into cells, which leads to its collection in the 

bloodstream. Also, an increase in VLDL level is 

associated with an increase in triglycerides in the blood 

serum, which was caused by diabetes. The reason for 

the decrease in response to dosing with plant extracts 

may be the presence of active substances in those 

extracts, such as flavonoids, alkaloids, and others, 

which show a role in improving the level of insulin 

secretion, regeneration of pancreatic beta cells, and 

other metabolic processes in the body. 

 

5. Conclusion 
Chronically high blood glucose leads to damage too 

many of the body's vital organs. The longer the disease 

duration, the more vulnerable the internal organs are to 

damage. Inducing diabetes by alloxan led to changes in 

body weight, glucose ratio, and lipid profile in rabbits' 

blood plasma, which mimics what is found in 

individuals with diabetes. The use of plants containing 

active substances, known as phytochemicals, has 

become an important consideration in manufacturing 

appropriate treatments for diseases. The use of the 

plant parts in the current study (Elettaria cardamomum, 

Citrus aurantifolia, and Boswellia sacra) reduced those 

symptoms associated with the disease. It may therefore 

be considered useful in the context of lifestyle choices 

that improve the condition of diabetes. 
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