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Abstract                                                                                                                  

The current study was conducted at the AL-ameen center for research and advanced biotechnologies and the Faculty 

of science / department of Biology / animal house. Forty nine male albino rats belonging to the strain Sprague 

Dawley, species Rattus rattus, were used. They weighed (200 – 245)  g, and were divided into 7 groups, 7males in 

each group. The first included control group that was orally dosed with a solution of physiological salt 0.9% NaCl. 

The second group was injected subcutaneously with alloxan 100 mg/kg. The third and fourth groups were orally 

administrated with terpene extract at the two concentrations 150 and 300 mg/kg respectively. The fifth and sixth 

groups were injected with alloxan 100 mg/kg, then was orally subjected to terpene extract 150 and 300 mg/kg 

respectively. The last group was orally given amaryl solution 0.1 mg/kg after being injected with alloxan 100 

mg/kg. It is worth mentioning that the dosage process lasted for 30 days, once per day. Regarding the results of the 

present study, the levels of biochemical parameters including blood glucose, total cholesterol(TC),triglycerides 

(TG), low-density and very low-density lipoprotein (LDL, VLDL), urea and creatinine, in addition to the liver 

enzymes activity of AST, ALT and ALP all showed a significant increase (P˂ 0.05) at the treated group with 

alloxan and the amaryl group, on the contrary, the levels of high-density lipoprotein (HDL) revealed significant 

decrease(P˂ 0.05)  in the same two groups, while the groups that were dosed with the terpene extract in two 

concentrations (150 and 300) mg /kg  revealed notable decrement (P˂ 0.05 ) in the levels of total cholesterol (TC), 

triglycerides (TG), and low-density and very low-density lipoprotein (LDL, VLDL), in addition to the liver enzymes 

activity of AST, ALT and ALP,  also levels of urea and creatinine, contrastively, the levels of HDL showed a 

observable elevation (P˂ 0.05) in the group that administrated with terpene at concentration of 300 mg ⁄ kg  when 

compared with the control group and other experimental groups. 

Keywords: Zingiber officinale, Terpene , Alloxan, Diabetes mellitus, Lipid profile                                          

Introduction                                                                                                                           

Diabetes mellitus is a chronic metabolic disorder 

diagnosed by hyperglycemia, and a decreased insulin 

levels [1,2]. It is one of the most common chronic 

diseases in the world [3,4].  Researchers used 

medicinal extracts from plants and their secondary 

compounds treating diabetes.  Many extracts have 

been discovered to control diabetes. Hence, 

medicinal plants and their extracts have been used as 

popular prescriptions for the treatment of diabetes 

since ancient times all over the world. There are 

many medicinal plants with sugar-lowering 

properties such as Aloe vera, Bitter melon, 

Cinnamon, Fenugreek, Okra and Ginger. They have 

the ability to restore pancreatic tissue function by 

increasing insulin secretion or reducing intestinal 

absorption of glucose, which means that herbal 

medicines have the feature of protecting pancreatic β 

cells and mitigate fluctuations in the level of glucose 

[5]. Terpenes are a large group of hydrocarbon 

compounds found in essential oils and in different 

parts of the plant. They are composed of smallest 

units called isoprene, which contain five carbon 

atoms and eight hydrogen atoms C5H8 linked in 

double bonds.                                                                                                              

The simplest form of terpenes are the monoterpenes, 

which contain two units; isoprene and sesquiterpenes, 

which contain three isoprene units, and diterpenes, 

which contain four units of isoprene and others. The 

available terpenes are either hydrocarbons or 

compounds of oxygen in which case they are called 

terpenoids [6]. There is a plenty of research on 

terpenes isolated from plants, because many terpenes 

contain a variety of plant chemicals that show useful 

and important effects in promoting humans’ health. 

They are less toxic compared to chemical 

compounds. Therefore, terpenes are considered 

alternative medicine for many diseases, including 
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chemo-preventive treatment of cancer, anti-

hyperglycemia, anti-fungal and anti-viral, anti-

inflammation, active anti-parasitic, and treatment of 

neurological diseases such as Alzheimer’s, epilepsy 

and depression. It is an antioxidant and scavenger of 

free radicals, as well as enhances immunity and skin 

permeability [7, 8] 

Aim of study                                                                                                                  

The study aims to diagnose the potential therapeutic 

effects of terpenes isolated from ginger plant on the 

glucose level, lipid profile, and some biochemical 

parameters in alloxan-induced diabetic rats, and 

compare the impacts of these plant origin compounds 

with the widely used chemical drug (amaryl) in 

regulating the level of blood glucose and preventing 

the development of  microvascular and 

macrovascular  complications.  

Material and Methods                                                                                                             

1-Preparation of the laboratory animals of study                                                                   

Forty nine albino male rats weighing 200-245 g and 

their ages three months were used for this study. 

They were its source from the animal house of the 

department of Biology/ College Faculty of science / 

University of Kufa. Animals were kept in plastic 

cages and brushed with sawdust. The rats were 

maintained under standard laboratory conditions of 

12 h light–dark cycle, temperature (22-28C), relative 

humidity, standard diet and water.                                              

2-Plants selection                                                                                                                    

A- Drying Plants                                                                                                                      

The rhizome stems of ginger plant were cleaned and 

dried in the shade, away from moisture, after being 

purchased from the local markets in AL-Najaf 

Governorate ,then                                      the dried 

stems of the plant were crushed in an electric mill, 

and the ginger powder was kept in in airtight glass 

vials                                                                                                    

B- Preparation of alcoholic ginger 

extract                                                                           

In preparing the alcoholic extract by placing 10 g of 

ground ginger powder in an extraction thimble to 

obtain the extracted materials sequentially by the 

Soxhlate extraction device using 100 ml of hexane 

alcohol for (24 hours), the method was used [9]  .                                                

3- Methods of isolating and purifying plant 

materials                                                                  

A- Column chromatography technique                                                                                     

     After preparing the extract, it was isolated by 

column chromatography technique of [10].  Finally, 

hence three parts formed from the terpenes isolated 

of the ginger extract.                                       

B- Thin layer chromatographic analysis (TLC).                                                                   

     The method was used [11].                                                                                                       

C - Gas chromatography mass spectrometry (GC-

Mas)                                                        

     According to the [12] method.                                                                                                   

4.Solutionspreparation                                                  

A- Terpene solution                                                                                                                 

In two concentrations, 150 and 300 mg ⁄ kg, the 

terpene was dissolved in 10 ml of distilled water [13] 

by preparing the original stock solution to prepare the 

terpene extract (150 mg ⁄ kg) depending on the 

weight rate of the rat according to the following 

equation                                   

B- Alloxan solation monohydrate drug                                                                                     

The alloxan provided from India (CDH Company) 

with dose of 120 mg/ kg, and the method that 

mentioned by [14] was followed.                                                                                            

C.Glucosesolution    

The glucose equipped by Chemistry Department in 

(Faculty of Education for girls) with dose of 5 g, and 

prepared according to the method of [15].                                                                 

D- Preparation of amyral (Glimepiride) drug                                                                        

The drug that was used in this study provided from 

France (Sanofi Company) with concentration 0.1 

mg/kg according to [16] was followed.                                                                                 

5- Induction of diabetes mellitus                                                                                                   

To induce the diabetes mellitus experimentally, the 

method of [17] was followed.                      

6- The experimental groups of study                                                                                     

The rats were divided into seven groups of seven rats 

for each one .  

Group I: control rats orally dosed with normal saline 

(0.9%) daily for 30 days.  
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Group II: diabetic rats submitted to glucose solution 

(5%) that was prepared previously for 30 days [16] 

Group III: orally treated with terpene extract (150 

mg/kg) daily for 30 days [13].  

Group IV: orally given terpene extract (300 mg/kg) 

daily for 30 days. 

Group V: diabetic rats administered with terpene 

extract (150 mg/kg) daily for 30 days.  

Group VI: diabetic rats subjected to terpene extract 

(300 mg/kg) daily for 30 days.  

Group VII: diabetic rats orally dosed with standard 

drug amaryl (0.1 mg/kg) daily for 30 days.      

7- The collection of blood samples   

After the end of experiment (30 day), the animals 

were fasted for 24 h, and they were anesthetized with 

xylazine and ketamin at a ratio of 3: 1. The blood 

collected (2ml) by directed heart puncture to estimate 

the levels of blood 

biomarkers.                                                             

8-The evaluation of biochemical blood parameters                                                                 

A- Estimation of glucose level in the serum                                                                           

The method [18] was used to assess the glucose 

levels in the blood.                                                    

B- Estimation of lipid profile levels in the 

serum                                                                    

The serum TC, TG, HDL, LDL, and VLDL profiles 

were estimated in the serum according to [17,18] . 

Moreover, the kits and reagents were provided from 

France (Biolabo Company) .In addition, the 

absorbance read at (500 nm) by spectrophotometer.                                                

C    - Estimation of liver enzyme activity (AST, ALT 

and ALP) in the serum  

To evaluate the serum AST ,ALT and ALP activities 

the methods that mentioned by [18 ,19]  were used 

,and the kits ,as well as reagents purchased from 

Syria(Syrbio Company). Moreover, the absorbance 

read at (546, 546, 510 nm) respectively by 

spectrophotometer.                           

 D- Estimation of urea and creatinine levels in the 

serum                                                      

The serum urea and creatinine levels were assessed 

according to [17,20] . The kits were provided from 

France (Biomerieux Company) and the absorbance 

read at ( 580,460 nm) respectively by 

spectrophotometer.  

 9-The statistical analysis                                                                                                         

The findings of the current study were analyzed 

statistically by the Statistical Package Social Sciences 

(SPSS) program, and to extract the mean ,as well as 

standard error (Mean ± SE) for all the criteria 

included in the study, the Descriptive Analysis was 

used , then the study groups were compared with 

each other's by ANOVA and Least Significant 

Differences (LSD) at P˂0.05  level [21]. 

 Results                                                  

 1- Identification of bioactive terpene compound 

by Gas Chromatography Spectrometry Mass 

(GC-Mass)                                                                                                                 

The results of the GC-Mass technique analysis for 

parts (1-4) showed 12 compounds. The highest area 

was 32.78% at peak 23 in a retention time of 38.838 

minutes for the active compound gamma-Sitosterol, 

while the lowest area was 0.06% at peak 1 in a time 

retention of 13.319 minutes for the active compound 

2-Propanone, detected by TLC and IR 

chromatography as shown in table (1). 

Table (1): GC-MS analysis of terpenes isolated from the stems of Zingiber officinale for parts of (1-4) 

Mol-  Weight Mol- 

Formula 

Classification Chemical Names NO 

180 C10H12O3 Monoterpene 2-Propanone 1 

242 C15H30O2 Sesquiterpene Pentadecanoic acid 2 

204   C15H24   Sesquiterpene Zingiberene 3 

204 C15H24 Sesquiterpene Cyclohaxene 4 

128 C8H16O Monoterpene Octanal 5 

400 C28H48O Triterpene Campesterol 6 
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412 C29H48O Triterpene Stigmasterol 7 

414 C29H50O Triterpene gamma- Sitosterol 8 

428 C30H52O Triterpene Cycloartanol 9 

152 C10H16O Monoterpene 3,6-Dimethyl-2,3,3a,4,5,7a-

hexahydrobenzofuran 

10 

410       C29H46O Triterpene         Stigmastadiene-3-one            11 

412       C27H40O3 Triterpene       Testosterone cypionate        12 

    

On the other hand, the analysis for parts (5-9) diagnosed 23 chemical compounds. The highest area was 18.33% at 

peak 50 in a retention time of 41.200 minutes for the active compound Citronellol, while the lowest area was 0.24% 

at peak 1 in a retention time of 5.718 minutes for the active compound Octanal detected by TLC and IR 

chromatography as shown in table (2).                       

Table (2): GC-mas analysis of terpenes isolated from the stems of Zingiber officinale for parts of (5-9) 

Mol- Weight Mol-Formula Classification Chemical Names NO 

128 C8H16O         Monterpene Octanal 1 

154 C10H18O      Monterpene endo–Borneo (Camphol)         ( Borneo 

camphor) 

2 

154 C10H18O    Monterpene alpha.-Terpineol 3 

156 C10H20O    Monterpene Decanal 4 

204 C15H24 Monterpene Zingiberene 5 

204 C15H24    Sesquiterpene Bergamotene 6 

204 C15H24 Sesquiterpene alpha.- Farnesene 7 

204 C15H24 Sesquiterpene beta.-Bisabolene 8 

204 C15H24 Sesquiterpene beta-Sesquiphellandrene 9 

222 C15H26O Sesquiterpene Nerolidol 10 

204 C15H24 Sesquiterpene Sesquisabinene 11 

222 C15H26O Sesquiterpene Farnesol 12 

222 C15H26O Sesquiterpene cis-Sesquisabinene hydrate 13 

442 C30H50O2 Triterpene    Uvaol 14 

156 C10H20O Monoterpene Citronellol 15 

154 C10H18O Monoterpene Geraniol 16 

204 C15H24 Sesquiterpene Germacrene D 17 

506 C30H51O4P Triterpene Phosphoric acid, tribornyl ester 18 

202 C15H22 Sesquiterpene Curcumene 19 

594 C40H82O2 Tertraterpene Hexadecane 20 

414 C29H50O Triterpene gamma.-Sitosterol 21 

 C16H22N4O4 Diterpene Menthone 22   

390 C23H34O5 Sesterterpene Gitoxigenin (Bigitaligenin) 23 

 

The analysis of parts (10-12) showed 19 chemical 

compounds. The highest area reached 13.17% at peak 

36 in a retention time of 27.002 minutes for the active 

compound Geraniol, while the lowest area was 0.41% 

at peak 23 in a retention time of 18.015 minutes for 

the active compound Oleic acid, detected by TLC and 

IR chromatography as shown in table (3). Later, the 

parts were collected and mixed together to have the 

terpene extract. 
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Table (3): GC-mas analysis of terpenes isolated from the stems of Zingiber officinale for parts of (10-12) 

Mol- Weight Mol-Formula Classification Chemical Names                   NO 

154 C10H18O Monoterpene endo-Borneol 1 

   alpha.-Terpineol 2 

222 C15H26O Sesquiterpene Nerolidol 3 

204 C15H24 Sesquiterpene alpha.-Farnesene 4 

204 C15H24 Sesquiterpene beta.-Bisabolene 5 

204 C15H24 Sesquiterpene Cyclohexene 6 

222 C15H26O Sesquiterpene Hedycaryol 7 

222 C15H26O Sesquiterpene Sesquisabinene hydrate 8 

222 C15H26O Sesquiterpene Germacrene 9 

168 C10H16O2 Monoterpene   Geranic acid 10 

180 C10H12O3 Monoterpene 2-Propanone   11 

222 C15H26O Sesquiterpene Farnesol 12 

156 C10H20O Monoterpene Citronellol 13 

282 C18H34O2 Faty acid     Oleic Acid 14 

442 C30H50O2 Triterpene Uvaol 15 

154 C10H18O Monoterpene Geraniol     16 

222 C15H26O Sesquiterpene beta.-Eudesmol  (beta.-Selinenol)                             17 

172 C10H20O2 Monoterpene n-Decanoic acid 18 

202 C15H22 Sesquiterpene Curcumene 19 

 

2- The effect of treatment of alloxan , terpene 

extract with (150 and 300) mg ⁄ kg and amaryl on 

glucose level of albino male rats                                                                                

The results of the statistical analysis indicated that 

the inducing experimental diabetes in the rats led to a 

significant increase (P<0.05) in the level of glucose 

by (485.4 ± 51.9 mg ⁄ dl) compared to the healthy 

control group by (117.8 ± 5.38  mg ⁄ dl) and the other 

experimental groups. Moreover, the group treated 

with alloxan (100 mg / kg + amaryl 0.1 mg / kg) had 

a substantial increment (P<0.05) in blood glucose 

level by (215 ± 9.09 mg / dl) compared to the control 

group. Meanwhile, the groups treated with: the 

terpene extract 150 mg ⁄ kg, the terpene extract 300 

mg ⁄ kg, alloxan 100 mg ⁄ kg + the terpene extract 150 

mg ⁄ kg and alloxan 100 mg ⁄ kg + the terpene extract 

300 mg ⁄ kg, did not show any significant differences 

in the blood glucose level (P> (0.05) by 92.4 ± 2.83, 

88.2 ± 2.33, 118.4 ± 4.33, and 106.8 ± 3.15 

respectively, compared with the control group and 

when comparing these groups with each other, as in 

table (4).                                                                                                                                 

 

Table(4) : Effect of alloxan ,terpene extract (150, 300 mg/kg), and amyral drug on the blood glucose level 

Blood glucose level (mg/dl ) 

Experimental groups Glucose level 

Control group 117.8±5.38c 

Group  of alloxan 485.4±51.9a 

Group of the extract of terpene (150 mg /kg) 92.4±2.83c 

Group of the extract of terpene (300 mg /kg) 88.2±2.33c 

Group of alloxan (120 mg/kg) + terpene (150 mg/kg) 118.4±4.33c 

Group of alloxan (120 mg/kg) + terpene (300 mg/kg) 106.8±3.15c 

Group of alloxan (120 mg/kg) s + amyral (0.1 mg/kg) 215±9.09b 

LSD                                                                58.5 

 Similar letters mean no significant differences at (P <0.05) between groups. 
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Different letters mean significant differences at (P 

<0.05) between groups. 

Values are expressed as mean and standard 

error.                                                                               

3- Effect of treatment of alloxan, terpene extract 

(150 and 300) mg ⁄ kg and amaryl on total  

cholesterol (TC) and triglyceride level (TG) of 

male albino rats   

The findings showed that the induction of 

experimental diabetes in rats led to a remarkable 

elevation (P<0.05)) in the level of total cholesterol by 

(87.6 ± 5.22 mg ⁄ dl) compared to the control group 

by (45.94 ± 3.32 mg ⁄ dl). Also, the group treated 

with alloxan 100 mg ⁄ kg + amaryl 0.1 mg ⁄ kg did not 

show any significant change (P>0.05) in the level of 

total cholesterol, by (60.4 ± 24.2 mg ⁄ dl) compared to 

the control group. Meanwhile, the groups 

administrated with: terpene extract 150 mg ⁄ kg, 

terpene extract 300 mg ⁄ kg, alloxan 100 mg ⁄ kg + the 

terpene extract 150 mg ⁄ kg and alloxan 100 mg ⁄ kg + 

the terpene extract 300 mg ⁄ kg pointed to no 

significant differences (P<0.05) in total cholesterol 

levels, by (39.66 ± 3.25, 45.6 ± 2.37, 39.2 ± 2.87, and 

41.2 ± 4.68) mg/dl, respectively, when compared to 

the control group and when comparing these groups 

with each other, as in table (5). 

Furthermore, the statistical analysis indicated that the 

induction of experimental diabetes in animals 

resulted in a significant rise (P<0.05) in the TG level 

by (142.8 ± 6.71 mg ⁄ dl) compared to the control 

group by (68.28 ± 3.21 mg ⁄ dl). Moreover, the TG 

level of the group that submitted to alloxan 100 mg ⁄ 

kg + amaryl 0.1 mg ⁄ kg increased significantly 

(P<0.05) by (94 ± 4.84 mg ⁄ dl) compared to the 

control group . 

On the other hand, the groups subjected to terpenes 

150 mg ⁄ kg, and terpene 300 mg ⁄ kg recorded a 

significant decrement (P<0.05) in the TG level by 

(43.8 ± 3.72, 32.6 ± 3.76)mg/dl respectively, 

compared to the control group and the other 

experimental groups. Meanwhile, the alloxan group 

100 mg ⁄ kg + terpene extract 150 mg ⁄ kg and alloxan 

100 mg ⁄ kg + terpene extract 300 mg ⁄ kg, showed no 

noticeable  variations (P>0.05) in the level of TG, by 

(55.2 ± 5.07,59.8 ± 5.74,) mg ⁄ dl when compared 

with the control group, as in table(5  ( . 

Table(5) : Effect of alloxan ,terpene extract (150, 300 mg/kg), and   amyral drug on the total  cholesterol (TC) 

and triglycerides level 

Total cholesterol& Triglycerides level (mg/dl ) 

Triglycerides (TG)          Total cholesterol  (TC) Experimental groups 

68.28±3.21c 45.94±3.32b Control group 

142.8±6.71a   87.6±5.22a Group of alloxan 

43.8±3.72de 39.66±3.25b Group of the extract of terpene (150 mg /kg) 

32.6±3.76e 45.6±2.37b Group of the extract of terpene (300 mg /kg) 

55.2±5.07cd 39.2±2.87b Group of alloxan (120 mg/kg) + terpene (150 

mg/kg) 

59.8±5.74c 41.2±4.68b Group of alloxan (120 mg/kg) + terpene (300 

mg/kg) 

94±4.84b 60.4 ±24.2b Group of alloxan (120 mg/kg) s + amyral (0.1 

mg/kg) 

14.1 28.35 LSD 

Similar letters mean no significant differences at (P <0.05) between groups. 

Different letters mean significant differences at (P 

<0.05) between groups. 

Values are expressed as mean and standard error.   

4- Effect of treatment of alloxan, terpene extract 

(150 and 300) mg ⁄ kg and amaryl on the 

lipoprotein levels of albino male rats                                                                                                           

     The data of the present study detected a significant 

increase (P < 0.05) in the level of low-density 

lipoproteins (LDL) by (70.8 ± 8.28 mg ⁄ dl) in the 

group that administrated with alloxan  compared to 

the control group by (20.6 ± 4.4 mg ⁄ dl). In addition, 

the level of low-density lipoproteins (LDL) increased 

significantly (P<0.05) by (35.7 ± 2.63 mg ⁄ dl) in the 

group treated with alloxan 100 mg ⁄ kg + amaryl 0.1 

mg ⁄ kg compared to the control group. On the other 
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hand, the groups treated with: the terpene extract 150 

mg ⁄ kg, the terpene extract 300 mg ⁄ kg, alloxan 100 

mg ⁄ kg + the terpene extract 150 mg ⁄ kg and the 

alloxan 100 mg ⁄ kg + the terpene extract 300 mg ⁄ kg 

did not show any observable alterations (P<0.05) in 

(LDL), by (11.6 ± 2.29, 10 ± 2.25, 18.92 ± 3.95, and 

22.2 ± 3.56) mg/dl, respectively, when compared 

with the control group and when comparing the these 

groups with each other, as in table (6). 

Additionally, the results of the current study 

diagnosed that the induction of experimental diabetes 

in rats led to a significant rise (P<0.05) in the level of 

very low-density lipoproteins (VLDL) by (42.4 ± 

3.85 mg ⁄ dl) compared to the healthy control group 

by (13.6 ± 0.5 mg ⁄ dl). Also, (VLDL) of the group 

treated with alloxan 100 mg ⁄ kg + amaryl 0.1 mg ⁄ kg 

increased significantly (P<0.05),  by (22.6 ± 1.93 mg 

⁄ dl) compared to the control group, while the 

statistical results did not show any  significant 

decrease (P<0.05) in the level of very low-density 

lipoproteins (VLDL) in the groups dosed with: the 

terpene extract 150 mg ⁄ kg, , alloxan 100 mg ⁄ kg + 

the terpene 150 mg ⁄ kg and alloxan 100 mg ⁄ kg + the 

terpene extract 300 mg/kg by (9.8 ± 0.37, 10.52 ± 

1.1, and 9.58 ± 1.23 mg ⁄ dl) respectively, when 

compared with the control group. In concern with the 

terpene extract 300 mg ⁄ kg, there was a notable 

decline in the VLDL level by 6.68 ± 1.45 mg/dl 

comparing to the control group.  Further, there was 

no significant difference (P>0.05) in the level of 

VLDL when comparing the other groups with each 

other, as in table (6). 

On the other hand, the findings revealed a remarkable 

reduction (P<0.05) in the level of high-density 

lipoproteins (HDL) in the group injected with alloxan 

at 100 mg ⁄ kg by (9.04 ± 2.64 mg ⁄ dl) compared to 

the control group by (45 ± 4.38 mg ⁄ dl), and the other 

groups. Moreover, the results of the statistical 

analysis did not indicate any significant change 

(P>0.05) in the level of HDL in the group treated 

with alloxan 100 mg ⁄ kg + amaryl drug 0.1 mg ⁄ kg 

by (34.38 ± 1.53 mg ⁄ dl) compared to the control 

group. In contrast to above, a significant elevation 

(P<0.05) was observed in the level of high-density 

proteins (HDL) in the group treated with the terpene 

extract at 300 mg ⁄ kg, by (83.8 ± 3 mg ⁄ dl) compared 

to the control group and other experimental groups 

.Furthermore,  the terpene group 150 mg ⁄ kg showed 

significant increase (P<0.05) in the level of high-

density proteins by (60 ± 2.96) when compared with 

the control group. However, the two groups 

administrated with alloxan 100 mg ⁄ kg + terpene 

extract 150 mg ⁄ kg, and alloxan 100 mg ⁄ kg + 

terpene extract 300 mg ⁄ kg, did not show any 

significant difference in the level of that index when 

compared with the control group and also when 

comparing these study groups with each other, as in 

table (6). 

Table(6) : Effect of alloxan, terpene extract (150, 300 mg/kg), and amyral drug on the lipoprotein levels 

Lipoprotein levels ( HDL , LDL & VLDL) (mg/dl)                           

VLDL LDL HDL Experimental groups 

13.6±0.5c 20.6±4.4c 45±4.38c Control group 

42.4±3.85a 70.8±8.28a 9.04±2.64d Group of alloxan 

9.8±0.37cd 11.6±2.29c 60±2.96b Group of the extract of terpene (150 mg /kg) 

6.68±1.45d 10±2.25c 83.8±3a Group of the extract of terpene (300 mg /kg) 

10.52±1.1cd 18.92±3.95c 53.2±8.63bc Group of  alloxan (120 mg/kg) + terpene (150 mg/kg 

9.58±1.23cd 22.2±3.56c 54±4.57bc Group of alloxan (120 mg/kg) + terpene (300 mg/kg 

22.6±1.93b 35.7±2.63b 34.38±1.53c Group of alloxan (120 mg/kg) + amyral (0.1 mg/kg) 

5.35 12.66 13.05 LSD 

Similar letters mean no significant differences at (P <0.05) between groups. 

Different letters mean significant differences at (P 

<0.05) between groups. 

Values are expressed as mean and standard error.   

5- Effect of treatment of alloxan, terpene (150 and 

300) mg ⁄ kg and amaryl on the liver enzyme 

activity ( ALT AST, ALP) of male albino rats   

     The trial showed that the induction of 

experimental diabetes in rats yielded a significant 

increment (P<0.05) in the activity of the ALT 

enzyme, which reached (48.6 ± 9.09 units / liter) in 

comparison with the control group by (60 ± 11.8 

units / liter) as well as the experimental groups .In 

regard with the group treated with alloxan 100 mg ⁄ 

kg + amaryl 0.1 mg ⁄ kg .The was an observable 



Pak Heart J 2023:56(01) 

http://www.pkheartjournal.com 

  

 

536 

increase (P<0.05) in the activity of the ALT enzyme 

up to (149 ± 11.2 units ⁄ liter) compared to the control 

group. However, the groups treated with: the terpene 

extract 150 mg ⁄ kg, the terpene extract group 300 mg 

⁄ kg, the alloxan group 100 mg ⁄ kg + the terpene 

extract 150 mg ⁄ kg and alloxan 100 mg ⁄ kg + the 

terpene extract 300 mg ⁄ kg did not reveal any 

significant differences (P>0.05) in the activity of the 

ALT enzyme, they were (48.6 ± 9.09 , 17.8 ± 3.16, 

64 ± 9.06,53.6 ± 9.44 units per liter), respectively 

when compared with the control group and when 

comparing these groups with each other, as in table 

(7). 

     Additionally, the results showed that the induction 

of experimental diabetes in rats caused a substantial 

elevation (P < 0.05) in the activity of the aspartate 

aminotransferase (AST) enzyme of up to (484.6 ± 

73.3 units / liter) compared with the control group 

(110.7 ± 11.7 units / liter) and the experimental 

groups. The group treated with alloxan 100 mg ⁄ kg + 

amaryl 0.1 mg ⁄ kg recorded a significant increase 

(P<0.05) in the AST enzyme activity amounting to 

(202.4 ± 18.1 units ⁄ liter) compared to the control 

group. While the groups submitted to terpene extract 

150 mg ⁄ kg, the terpene group 300 mg ⁄ kg, alloxan 

100 mg ⁄ kg + the terpene extract 150 mg ⁄ kg and 

alloxan 100 mg ⁄ kg + the terpene extract 300 mg ⁄ kg 

no significant differences were found (P>0.05) in the 

enzyme activity AST amounted to 67.4 ± 12.2, 76.4 ± 

8.12 , 113.4 ± 4.66 ,112.2 ± 4.01 units / liter 

respectively when compared with the control group 

and also when comparing these groups with each 

other, as in   table (7). The experiment also indicated 

to a significant increase (P < 0.05) in the alkaline 

phosphatase enzyme (ALP) activity (312.4 ± 39.6 

units / liter) in alloxan-injected group compared with 

the control group by (136.4 ± 10.4 units / liter) as 

well as the other experimental groups. The group 

treated with alloxan 100 mg ⁄ kg + amaryl 0.1 mg ⁄ kg 

recorded a noticeable rise (P<0.05) in ALP enzyme 

activity of up to (209.8 ± 7.88b units ⁄ liter) compared 

to the control group. Moreover, the results revealed a 

significant decrease (P<0.05) in the (ALP) activity in 

the group treated with the terpene extract at 300 mg ⁄ 

kg by (82.2 ± 6.24 units ⁄ liter) compared with the 

control group. However, in the other groups: the 

terpene extract group 150 mg ⁄ kg, alloxan 100 mg ⁄ 

kg + terpene extract 150 mg ⁄ kg and alloxan 100 mg ⁄ 

kg + terpene extract 300 mg ⁄ kg, there was no 

significant differences (P>0.05) in the ALP activity 

of up to 97.8 ± 6.08 , 124.8 ± 8.07, and127.8 ± 11.3, , 

units / liter, respectively when compared with the 

control group and when   comparing these groups 

with each other, as in table (7  ). 

Table (7): Effect of alloxan ,terpene extract (150, 300 mg/kg), and amyral drug on the liver  enzyme activity( 

ALT AST, ALP) 

The liver enzyme activity ALT AST, Alp (U/L)                              

ALP AST ALT Experimental groups 

136.4±10.4c 110.7±11.7c 60±11.8c Control group 

312.4±39.6a 484.6±73.3a 466.4±88.6a Group  of alloxan 

97.8±6.08cd 67.4±12.2c 48.6±9.09c Group of the extract of terpene (150 mg /kg) 

82.2±6.24d 76.4±8.12c 17.8±3.1c Group of the extract of terpene (300 mg /kg) 

124.8±8.07cd 113.4±4.66c 64±9.06c Group  of alloxan (120 mg/kg) + terpene (150 

mg/kg) 

127.8±11.3cd 112.2±4.01c 53.6±9.44c Group of alloxan (120 mg/kg) + terpene (300 

mg/kg) 

209.8±7.88b 202.4±18.1b 149±11.2b Group of alloxan (120 mg/kg) + amyral (0.1 

mg/kg) 

49.11 85.5 86.2 LSD 

 Similar letters mean no significant differences at (P <0.05) between groups. 

Different letters mean significant differences at (P 

<0.05) between groups. 

Values are expressed as mean and standard error.   

6- Effect of treatment of alloxan, terpene extract 

(150 and 300) mg ⁄ kg and amaryl on the urea and 

creatinine levels of male albino rats   

     The results detected that the induction of diabetes 

in rats yielded in a significant increment of (P<0.05) 

in the urea level by (98.6 ± 11.5 mg/dl) compared 
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with the control group by (35.94 ±4.04 mg/dL) as 

well as the experimental groups .Regarding the group 

administrated with alloxan 100 mg ⁄ kg + amaryl 0.1 

mg ⁄ kg ,the urea level increased significantly 

(P<0.05) by (64.74 units ⁄ liter) compared to the 

control group. On the other hand, the groups treated 

with terpene 150 mg ⁄ kg, terpene extract 300 mg ⁄ kg 

, alloxan 100 mg ⁄ kg + terpene extract 150 mg ⁄ kg 

and alloxan 100 mg ⁄ kg + terpene extract 300 mg ⁄ 

kg, revealed no significant differences (P>0.05) in 

urea levels by (22.94 ± 3.02 , 20.04 ± 3.87 , 29.32 ± 

3.02, and 23.2 ± 1.99 mg/dl), respectively, when 

compared with the control group and when 

comparing the othese groups with each other, as in 

table (8). 

According to the results, it was shown that the group 

of diabetes induction resulted in a remarkable 

elevation (P<0.05) in the creatinine level by (2.16 ± 

0.25 mg/dl) compared to the healthy control group by 

(0.42 ± 0.05 mg/dl) and the experimental groups. The 

group treated with alloxan 100 mg / kg + amaryl 0.1 

mg / kg showed a significant increase (P<0.05) in 

creatinine level by (1.3 ± 0.23 mg / dl) compared to 

the control group. Meanwhile, the groups treated 

with: terpene extract 150 mg / kg, terpene extract 300 

mg ⁄ kg, alloxan 100 mg ⁄ kg + terpene 150 mg ⁄ kg, 

and alloxan 100 mg ⁄ kg + terpene extract 300 mg ⁄ kg 

showed no significant differences (P>0.05) in 

creatinine level by 0.28 ± 0.06 , 0.18 ± 0.03, 0.23 ± 

0.05,and 0.24 ± 0.05 mg/dl, respectively when 

compared with the control group and when 

comparing the these groups with each other, as in 

table (8) 

 

Table(8) : Effect of alloxan ,terpene extract (150, 300 mg/kg), and amyral drug on the urea and creatinine 

levels 

Urea and creatinine levels (mg/dl)                                          

Creatinine Urea Experimental groups 

0.42±0.05c 35.94±4.04c Control group 

2.16±0.25a 98.6±11.5a Group  of alloxan 

0.28±0.06c 22.94±3.02c Group of  the extract of terpene (150 mg /kg) 

0.18±0.03c 20.04±3.87c Group of the extract of terpene (300 mg /kg) 

0.23±0.05c 29.32±3.02c Group  of alloxan (120 mg/kg) + terpene (150 mg/kg) 

0.24±0.05c 23.2±1.99c Group  of alloxan (120 mg/kg) + terpene (300 mg/kg) 

1.3±0.23b 64.74±11.3b Group  of alloxan (120 mg/kg) + amyral (0.1 mg/kg) 

0.41 19.48 LSD 

    Similar letters mean no significant differences at (P <0.05) between groups. 

    Different letters mean significant differences at 

(P <0.05) between groups. 

    Values are expressed as mean and standard 

error. 

Discussion                                                                                                                     

1- Identification of bioactive terpene 

compound by Gas Chromatography Spectrometry 

Mass (GC-Mass) 

The results are in line with the results of [22] when 

using iodine test on thin silica films TLC and 

examining them with the naked eye yielded in colors 

between (yellow-light brown to dark brown) and 

when examined under ultraviolet radiation with a 

wavelength of (254 nm) the stains were colored 

(yellow - light brown - brown - dark brown), 

respectively. This indicates that the compounds in the 

isolated terpenes under study express the positive 

detection of the terpene compounds in the alcoholic 

extract of ginger. The qualitative analysis was 

performed using the GC-Mass gas chromatography 

technique on the three parts of the terpenes that were 

collected after isolating from alcoholic ginger extract 

by column chromatography technique. Hence, many 

chemical compounds belonging to the terpene group 

were diagnosed, and they were identified in the GC-

Mass scores on the basis of the preserved indicators 

of compound structures, literary data and previous 

studies of the authors which were consistent with the 

researcher [23]. 

2-The effect of treatment of alloxan and terpene 

extract with (150 and 300) mg ⁄ kg and amaryl on 

glucose of albino male rats  

The high levels of glucose in rats may be attributed to 

the structural similarity of alloxan with glucose and 

the effectiveness of the absorption mechanism of beta 
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cells. This leads to damage to these cells via several 

mechanisms particularly the generation of toxic free 

radicals, oxidation of sulfhydryl groups, and 

inhibition of the glucokinase enzyme with 

disturbances of calcium balance in cells [24,25,26].  

The results of the current study showed a significant 

decrease in glucose level in the groups treated with 

terpenes at two concentrations (150 and 300) mg ⁄ kg 

compared to the alloxan-injected group. Many studies 

have indicated that the curcumene compound, which 

is a terpene sesquiterpene - which was detected 

among the terpene compounds isolated from the 

ginger in the current study - plays a significant role in 

reducing glucose level by activating pancreatic beta 

cells and stimulating them to secrete insulin. This in 

turn plays an important role in enhancing the liver to 

store glucose as glycogen by activating the enzyme 

hexokinase, thus rapidly transferring glucose to the 

liver through the glucose transporter, GLUT2. Then 

the excess of glucose is transformed to adipose and 

muscle tissues, which contain the insulin-regulating 

transporter GLUT4. This causes a decrement in blood 

glucose levels subsequently [27, 28,29],  , which is 

the case observed in groups treated with terpenes at 

two concentrations (150 and 300 mg ⁄ kg) compared 

to other groups. On the other hand, the drug used to 

reduce the level of glucose in the blood may be 

explained to the increased secretion of insulin by the 

pancreatic beta cells and stimulating the action of 

insulin from the peripheral tissues [30]. 

3-Effect of treatment of alloxan, terpene extract 

(150 and 300) mg ⁄ kg and amaryl on total 

cholesterol (TC) and triglyceride level (TG) of 

male albino rats 

The data of the current study recorded a significant 

increment in the level of cholesterol in the induced-

diabetes group, which is consistent with [31]. Hence, 

after the male rats were injected with alloxan, an 

elevation in the level of cholesterol (TC) was 

observed compared to the control group. The increase 

in cholesterol level may be attributed to various 

mechanisms and metabolic changes, including a 

decrease in the level of insulin, which is responsible 

for increasing the activity of the enzyme cholesterol 

acyl transferase, which in turn stimulates the 

absorption of total cholesterol from the intestine. This 

leads to an increase in the level of cholesterol in the 

blood [32]. Moreover, reduction in insulin levels 

causes a decrease in the production of the enzyme 

lipoprotein lipase (LPL) in the adipose tissue, which 

breaks down triglycerides under normal conditions, 

resulting in the production of TG from internal 

sources specifically in the liver, which coincides with 

the persistence of high blood glucose. It is worth 

mentioning that hypertriglyceridemia is common in 

diabetic patients and is responsible for vascular 

complications [33]. 

In relation with other groups dosed with terpenes at 

two concentrations (150 and 300) , the results showed 

a significant decline in compared to the alloxan-

induced diabetic group. The finding is consistent with 

some studies [34] ,that the terpene compound of 

Menthone isolated from the mint plant ,which was 

also detected among the terpene compounds isolated 

from the ginger plant using GC-mas technology in 

the present study, has the ability to lower cholesterol 

levels and activate the secretion of bile acids in rats. 

Also, when administering terpene-induced diabetic 

rats with Cyclohaxene isolated from walnut leaves 

for 28 days (this compound was diagnosed when 

separating the terpene compounds from the rhizome 

stems of the ginger plant for the current study) it 

showed an effect in reducing the level of triglycerides 

TG and total cholesterol TC as indicated by the 

results. Moreover, an observable decrease was 

noticed in the two groups treated with terpenes (150 

and 300 mg ⁄ kg), which indicates that the terpene 

extract possesses antioxidant compounds that have 

the ability to reduce lipid levels and lipoproteins 

production after improving the level of blood sugar 

[35,36]. As for the diabetic group treated with 

amaryl, the results revealed a significant decrease 

compared to those injected with alloxan. This could 

be because the drug belongs to the sulfonylureas 

family, which has the ability to lower blood sugar 

levels while stimulating insulin secretion, and thus 

reducing levels of total cholesterol and triglycerides 

consequently [37].                                                                                                          

4-Effect of treatment of alloxan, terpene extract 

(150 and 300) mg ⁄ kg and amaryl on the 

lipoprotein levels of albino male rats  

The results of the study revealed a notable reduction 

in the level of high-density lipoproteins (HDL) in the 

alloxan induced diabetic group, compared to the 

control group, which is consistent with [38]. Hence, 

when rats were injected with alloxan for a period of 6 

weeks, the results showed a decrease in high-density 

lipoproteins (HDL) compared to low-density 

lipoproteins (LDL) and very low-density lipoproteins 

(VLDL). The reason may be due to the decrease in 

the levels of the hormone insulin, which enhances the 

hormone-sensitive lipase enzyme to increase fat 

decomposition and the metabolic rates of fatty acids 
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in the blood of rats' induced-diabetic group and 

convert the surplus of free fatty acids in the liver into 

phospholipids and cholesterol. These substances form 

with large amount triglycerides a large mass in the 

form of lipoproteins [39].Conversely , and when 

diabetic animals were administered the terpene 

extract isolated from ginger plant, a significant rise in 

the level of HDL was observed, in particular the 

terpene extract at  300 mg ⁄ kg showing a substantial 

decrease in the level of low-density and very low-

density lipoproteins. 

The present study is in agreement with [40], thus 

when the extract of the terpene compound alpha-

Farnesene isolated from citrus fruits - and from the 

ginger plant - was subjected  to rats, it had a 

hypolipidemic impact and an increment in the level 

of high-density protein lipids.  Likewise, this effect 

was found when terpene extract was administered to 

the rats at 300 mg ⁄ kg. This may be because terpenes 

increase the level of adiponectin in the blood plasma, 

which is associated with an inverse relationship with 

VLDL and TG, and thereby stimulates the catabolism 

of low-density lipoproteins (VLDL) by increasing the 

activity of the enzyme lipoprotein lipase and the 

expression of VLDL receptors that are related with 

improving insulin. This mechanism mediates a 

decrease in the levels of lipoproteins and triglycerides 

in the blood [41]. Concern with the amaryl treatment, 

it revealed a significant decrease in the levels of low-

density lipoproteins (LDL) and very low-density 

lipoproteins (VLDL), with increase in high-density 

lipoproteins (HDL), compared to the alloxan-induced 

diabetic group. It likely to be due to the amaryl 

stimulation of insulin from beta cells, which 

suppresses the breakdown of glycogen and fats, and 

at the same time enhances the activity of the enzyme 

lipoprotein lipase and inhibits the enzyme hepatic 

lipase, which all work synergistically towards 

increasing the levels of high-density proteins HDL 

[42-45]. 

5-Effect of treatment of alloxan, terpene (150 and 

300) mg ⁄ kg and amaryl on the liver enzyme 

activity( ALT AST, ALp) of male albino rats 

In the current trial, a significant elevation was 

observed in the activity of liver enzymes (AST, ALT, 

ALP) in male rats of induced diabetes, compared to 

the control group. The increase in liver enzymes 

effectiveness may be attributed to the alloxan, which 

causes an imbalance in the metabolic processes of 

liver cells, with an increment in cellular metabolism 

rate and an enlargement of the hepatocytes. This 

results in stimulation of the internal plasma reticulum 

to produce a large amount of liver enzymes in line 

with the size of the liver cell. Moreover, the toxic 

effect of alloxan on the liver cells causes its enzymes 

to go out to the bloodstream. Hence, its negative 

influence extends to stopping the protein producing 

process and increasing the catabolism. This in turn 

results in damage to the hepatic cells with poor 

membrane selectivity, which allows the passage of 

enzymes from the cytoplasm of the cells into the 

blood and increases the activity of liver enzymes in 

the blood plasma accordingly. Thus, the high activity 

of these enzymes indicates to a dysfunction in the 

liver caused by high blood sugar, which induces liver 

toxicity. [46-48]                       

In contrast to what have been preceded, the terpene 

extract showed a significantly low effectiveness of 

liver enzymes in the group submitted to the terpene 

extract at 300 mg ⁄ kg compared to the control group. 

Moreover, the groups treated with the terpene extract 

revealed a remarkable decrement in compared to 

alloxan-induced diabetic group. The current study 

agreed with [49] that the β-Bisabolene isolated from 

the plant Duguetia gardneriana, - and β-Bisabolene 

among the terpene compounds isolated from the 

ginger plant by GC-mass technique - has the ability 

to inhibit the cytotoxicity of hepatocellular carcinoma 

cells and thus prevent the death of liver cells. This is 

because the compound β-Bisabolene has water 

solubility and penetrability, which improves tissue 

matrices significantly [50].In regard with the drug, it 

reduces the effectiveness of liver enzymes as a result 

of diabetes, possibly due to increased insulin 

production, stimulation of the fusion of amino acids 

into proteins, and elevated glycogen uptake by the 

liver tissues [51]                                                                  

6-Effect of treatment of alloxan, terpene extract 

(150 and 300) mg ⁄ kg and amaryl on the urea and 

creatinine levels of male albino rats   

The results of the current study pointed to a 

significant rise in the level of creatinine and urea in 

diabetic animals compared to the control group. This 

was consistent with many studies [52], which 

indicated high levels of urea and creatinine in the 

alloxan-induced diabetic group. They attributed this 

to the toxic effect of alloxan on the renal tissues, 

which results in inhibiting the nephrons to perform 

their functions and a defect in the histological 

structure of the kidney that leads to an increment in 

the volume of fluids resulting from the failure of the 

glomerular filtration mechanism .This leads to 
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accumulation of waste products such as urea and 

creatinine and increase their levels in the blood 

plasma significantly. 

As for the groups administrated with the terpene 

extract, the results of the study indicated a noticeable 

decline compared to the induced-diabetic group. 

These results were supported by [53], who used the 

terpene extract of Geraniol in two concentrations 

(100 and 200 mg / kg) in doxorubicin-induced renal 

failure rats. Hence, Gas-mass technology showed that 

the terpene compound Geraniol had the highest 

surface area when isolating the terpenes of the ginger 

plant. Thus, the terpene extract tries to prevent renal 

damage caused by doxorubicin, improves the 

functions of renal glomeruli and reduce the high 

levels of some bio-indicators particularly creatinine, 

albumin, and urea in the blood [54-56]. The 

researchers attributed this to the fact that Geraniol is 

a strong antioxidant and anti-inflammatory 

compound, and it works on suppressing the 

deteriorative ROS generated by the toxicity of the 

drug doxorubicin, besides its inhibitory effect on the 

inflammatory pathway NF-κB. Moreover, it has a 

vital role in the balance of programmed death 

proteins. This was confirmed by some studies [57].  

Conclusion: The terpenes isolated from the Zingiber 

officinale Roscoe regulate blood glucose level and 

ameliorate lipid profile because of their substantial 

contained of bioactive antioxidants., In addition, the 

induced diabetic group and treated with amaryl 

showed a significant decrease when compared to the 

group injected with alloxan only. These results were 

consistent with a studies who suggested this to the 

ability of the sulfonylurea group to penetrate 

pancreatic tissue and stimulate the remaining beta 

cells to secrete insulin, which in turn activates the 

cellular metabolism of these metabolites by special 

mechanisms within the tissues of body. 

References 

1. AL-Fatlawi, H. Y.; and Jwad, S. M. (2022). 

Assessing the level of a trial natriuretic peptide 

and some biochemical parameters in men with 

type 2 diabetic nephropathy. Uttar Pradesh 

Journal of Zoology,43(9):1 -13. 

2. Najjar, Z. S. R.; Jwad, S. M.; and Alkhafaji, R. 

S. (2020). Assessment of 1.25 (OH) 2D3 levels 

and nephropathy stages in adult male patients 

with type-2 diabetes mellitus. J. Crit. 

Rev, 7(13), 1667-1674. 

3. Najjar, Z. S. R.; Jwad, S. M.; and Alkhafaji, R. 

S. (2020). Evaluation of VDR gene 

polymorphisms with nephropathy stages in men 

with type 2 diabetes mellitus. J. Cardiovasc 

Disease Res, 11(4), 275-279. 

4. AL-Fatlawi,H.Y. and Jwad, S. M. (2022). 

Evaluation of physiological and immunological 

parameters in men with type 2 diabetic 

nephropathy. NeuroQuantology, 20(5), 646-657.  

5. Hussain , S. A.; Namilikonda, M. G.; Chandra, 

T. K. and Pasha, M.d. A.(2020). A review on 

medicinal plants with anti- diabetic activity . 

2320-5407 Int. J. Adv. Res. 8(03), 902-917. 

6. Buckle , J.(2015). Basic plant taxonomy, basic 

essential oil Chemistry, extraction, biosynthesis, 

and analysis . clinical aromatherapy (Third 

Edition) Medically reviewed by eloise theisen, 

RN, MSN, AGPCNP-BC — By Jon Johnson on 

March 6 .                                                     

7. Panigrahy ,S.K.; Kumar, A. and Bhatt, R. 

(2020). Hedychium coronarium rhizomes: 

Promising antidiabetic and natural inhibitor of 

α-amylase and α-glucosidase. J Diet 

Suppl;17:81-7.                                                                                                                                                          

8. Shehadeh M.B.; Suaifan, G.A.and Abu-Odeh, 

A.M. (2021). Plants secondary metabolites as 

blood glucose-lowering molecules. 

Molecules;26:4333.                                                                    

9. Qureshi , £ .; Shah, A. H.   and Ageel, A. M. 

(1992) Toxicity studies on Alpinia galanga and 

Curcuma longa. Planta Med. 58 .                                                                                                     

10. Jiang , Z.;  Kempinski, C. and  Chappell, J. 

(2017). Extraction and analysis of  terpene / 

terpenoids . Curr Protoc Plant Biol. ; 1: 345–

358.  

11. Rodrigues ,V. F.; Carmo, H. M.; Oliveira, R. R.  

; Filho, R. B.; Mathias, L. andVieira1, I. C.( 

2009). Isolation of terpenoids from Trichilia 

quadrijuga (Meliaceae) by droplet counter-

current chromatography    

12. Ingole , P. G.; Pawar, R. R.; Baig, M. I.; Jeon, J. 

D., and Lee, H. K. (2017). Thin film 

nanocomposite (TFN) hollow fiber membranes 

incorporated with functionalized acid-activated 

bentonite (ABn-NH) clay: towards enhancement 

of water vapor permeance and selectivity. J. 

Material. Chem. A., 5(39), 20947-20958                                                                                            

13. El-Bassossy, H. M. ; Ghaleb , H.; Elberry, A. A.  

; Balamash , K. S. ; Ghareib,  S. A. ; Azhare and 

A. and Banjar, Z. (2017) . Geraniol alleviates 

diabetic cardiac complications: Effect on 

cardiac ischemia and oxidative stress. 

https://www.sciencedirect.com/science/article/pii/B9780702054402000036
https://www.sciencedirect.com/science/article/pii/B9780702054402000036
https://www.sciencedirect.com/science/article/pii/B9780702054402000036
https://www.sciencedirect.com/book/9780702054402/clinical-aromatherapy
https://www.sciencedirect.com/book/9780702054402/clinical-aromatherapy
https://www.medicalnewstoday.com/reviewers/eloise-theisen
https://www.medicalnewstoday.com/reviewers/eloise-theisen
https://www.medicalnewstoday.com/authors/jon-johnson


Pak Heart J 2023:56(01) 

http://www.pkheartjournal.com 

  

 

541 

Biomedicine & Pharmacotherapy. 88 :1025–

1030 .                          

14. Rashid ,K.; Das,J.and Sil,P.C.(2013). Taurine 

ameliorate alloxan induced oxidative stress and 

intrinsic apoptotic pathway in the hepatic tissue 

of diabetic rats .food. Chem.Toxicol.51:317-329                                                                                                                                                      

15. Ankur , R. and Shahjad ,A.(2012). Alloxan 

Induced diabetes: mechanisms and effects. 

department of pharmaceutical sciences, Shri 

gopi chand group of institutions, baghpat, uttar 

pradesh, india. Vol. 3 (2) Apr – Jun2012 . 

International Journal of Research in 

Pharmaceutical and Biomedical Sciences.                                                                                                                    

16. Oyedepo , T. A. ; Babarinde, S. O.; and  

Ajayeoba, T. A. (2013). Evaluation of anti-

hyperlipidemic effect of aqueous leaves extract 

of Moringa oleifera in alloxan induced diabetic 

Rats . International Journal of Biochemistry 

Research Review . 3(3): 162-170.                                

17. Tietz, N.W. (1999). Textbook of clinical 

chemistry. 3nd Ed. C.A. Burtis, E.R. Ashwood, 

W.B. Saunders, Pp:282-884 and Pp:1429-

1431.                                                                       

18. Glew, R. and Peters, S.P. (1987). Clinical 

studies medical biochemistry. Oxford 

University Press, Madison Avenue, New York. 

Volume17, Issue1:Pages 50-50. 

https://doi.org/0.1016/0307-4412(89)90070-8.          

19. Johnson, R.D.O.; Connor, M.L. and Kerr, R.M. 

(1995). Extreme serum deviations of aspartate 

aminotransferase Am. J., Gastroenterol., 90:5-

244.                                                          

20. Labbe´, D.; Vassault, A.; Cherruau, B.; 

Baltassat, P.; Bone`te, R.; Carroger, G.; 

Costantini, A.; Gue´rin, S.; Houot, O.; Lacour, 

B.; Nicolas, A.; Thioulouse, E., and Tre´po, D. 

(1996). Method selected for the determination 

of creatinine in plasma or serum. Choice of 

optimal conditions of measurement (in French). 

Ann. Biol. Clin., 54: 285–298.                                           

21. Ghafil  R A,  Alrazaq N A, Mahmood N A. 

Synthesis of Triazole Derivatives via Multi 

Components Reaction and Studying of (Organic 

Characterization, Chromatographic Behavior, 

Chem-Physical Properties). Egyptian Journal of 

Chemistry.  2020 ;63(11): 4163-74.,  DOI: 

10.21608/EJCHEM.2020.23541.2399  

22. Kosales, I.; Stjepan,P. and Danica,K. (2005). 

Antifungal activity of fluid extract and essential 

oil from anise fruits ( Pimpinella anisum L., 

Apiaceae) , University of Zagreb , Acta .Pharm . 

Croatia . 55:377 -385.                               

23. Ibrahim , E. A.; Wang,M ; Radwan; M.M.; 

Wanas,A.S. ; Majumdar; C.G., Avula, B.; 

Wang, Y-H. ; Khan, I.A.; Chandra,S. ; Lata,H.; 

Hadad,G.M.; Abdel Salam,R.A. ; Ibrahim,A.K. 

;Safwat A. Ahmed,S.A ; and ElSohly; 

M.A.(2019). Analysis of terpenes in Cannabis 

sativa L. Using GC/MS: Method Development, 

Validation, and Application, Planta Med 2019; 

85: 431–438.                                                                                                                                        

24. Honari, N., and Pouraboli, I. (2019). The effect 

of hydroalcoholic extract of Thymus 

caramanicus on serum testosterone and testis 

antioxidant enzymes levels in streptozotocin 

induced diabetic rats: An experimental study. 

Journal of Rafsanjan University of Medical 

Sciences, 17(11), 1017–1030. http://journ 

al.rums.ac.ir/artic le-1-4089-en.html.                               

25. AL-Dbagh,M.B.R. and Jwad,S.M.(2020). 

Shrimp extract (Astaxanthin) ameliorates the 

lipid profile and oxidative stress parameters in 

experimentally induced diabetes rats. Journal of 

critical reviews.,7(13):1675-1688. 

26. AL-Dbagh,M.B.R. and Jwad,S.M.(2020). 

Evaluation of efficiency of shrimp extract 

(Astaxanthin) histologically and 

immunologically in the treatment of induced 

diabetes mellitus with alloxan in albino male 

rats. Research Article.,12(3):268. 

27. Nampoothiri, S.V.; Philip, R.M.; Kankangi, S.; 

Kiran, C.R. and Menon, A.N.; (2015). Essential 

oil composition, α-amylase inhibition and 

antiglycation potential of Curcuma aromatica 

Salisb. J. Essent. Oil Bear. Plants 18, 1051–

1058. 

28. Xiang, H.; Zhang, L.; Yang, Z.; Chen ,.F; 

Zheng, X. and Liu X.( 2017) Chemical 

compositions, antioxidative, antimicrobial, anti-

inflammatory and antitumor activities of 

Curcuma aromatica Salisb. Essential Oils. Ind 

Crops Prod, 108:6–16.                                              

29. Ajiboye, O.B.;Ojo, A.; Akuboh, O.; Abiola, O, 

Idowu, O. and Amuzat, A. (2018). 

Antihyperglycemic and antiinflammatory 

activities of polyphenolic-rich extract of 

Syzygim cumini leaves in alloxaninduced 

diabetic rats. J Evid Based Integr Med. 

2018;23:1–8.                      

30. Mwafy, N. S. and Yassin, M. M. (2011). Anti 

diabetic activity evaluation of glimepiride 

and Nerium oleander extract on insulin, glucose 

levels and some Liver enzymes activities in  

file:///C:/Users/GroupX/Downloads/Telegram%20Desktop/Volume17, Issue1
https://doi.org/0.1016/0307-4412(89)90070-8


Pak Heart J 2023:56(01) 

http://www.pkheartjournal.com 

  

 

542 

experimental diabetic rat model. Pakistan  

Journal of Biological Sciences., 14: 984-990.                

31. Iranloye, BO; Arikawe, AP; Rotimi ,G.and 

Sogbade, A.O. Anti-diabetic and anti-oxidant 

effects of Zingiber officinale on alloxan-induced 

and insulin-resistant diabetic male rats. Niger J 

Physiol Sci. 2011;26(1):89–96.                                                                                                           

32. Lara-Castro, C. and Garvey, W. T. (2008). 

Intracellular lipid accumulation in liver and 

muscle and the insulin resistance syndrome. 

Endocrinology and Metabolism Clinics of North 

America, 37, 841.                                                                                                                               

33. Al-Noory, A. S.; Amreen, A-N. and Hymoor, S. 

(2013).  Antihyperlipidemic effects of ginger 

extracts in alloxan-induced diabetes and 

propylthiouracil-induced hypothyroidism in 

rats. 

34. Hu, G.; Yuan, X., Zhang; S., Wang, R.; Yang, 

M.; Wu, C.and Ke, X. (2015). Research on 

choleretic effect of menthol, menthone, 

pluegone, isomenthone, and limonene in 

DanShu capsule. International 

Immunopharmacology, 24(2), 191–197.                                                                       

35. Bardini, G., Rotella, C. M. and Giannini, S. 

(2012). Dyslipidemia and diabetes: reciprocal 

impact of impaired lipid metabolism and beta-

cell dysfunction on micro- and macrovascular 

complications. The Review of Diabetic Studies, 

9, 82–93.                                                                  

36. Jelodar, G; Mohammadi, M; Akbari, A and 

Nazifi, S. (2020). Cyclohexane extract of walnut 

leaves improves indices of oxidative stress, total 

homocysteine and lipids profiles in 

streptozotocin induced  diabetic rats. Physiol 

Rep.;8:e14348.                                                       

37. Emoto,M.;Konishi,T.;Ikuno,Y.;Lee,E.;Teramur

a,M.and Motoyama,K.(2009). Glimepiride 

increases high-density lipoprotein cholesterol 

via increasing levels in type 2 diabetes mellitus . 

Metabolism , 58(2):143- 0.                                                                                                                  

38. Linthout, V. S.; Spillmann, F.; Schultheiss, P. 

H. and Tschöpe, C. (2010). High-density 

lipoprotein at the interface of type 2  diabetes 

mellitus and cardiovascular disorders .  Current 

Pharmaceutical Design., 16, 1504-1516.                                                                                           

39. Porth,M. C. and Matfin, G. (2009). 

"Pathophysiology Conceptes of Altered Health 

States". 8th  ed. Lippincott  Co., New York. 

1048-1070.                                                                                 

40. Castro,M. A.; Llanos,  M. A.; Rodenak-

Kladniew, B. E.; Gavernet L., Galle1,  M. E.and 

Crespo R . (2020) .   Citrus reticulata peel oil as 

an antiatherogenic agent: hypolipogenic effect 

in hepatic cells, lipid storage decrease in foam 

cells, and prevention of LDL oxidation  Journal 

Pre-proof .                                                                                                                                                   

41. Christou , G. A.and  Kiortsis, D. N. (2013). 

Adiponectin and lipoprotein metabolism. 

Etiology and Pathophysiology.              

42. Ene, A. C.; Nwankwo, E. A. and Samdi, L. M. 

(2007) . Alloxan-induced diabetes in rats and 

the effects of Black Caraway (Carum carvi L.) 

oil on their body weight. Res. J. Med. and Med. 

Sci., 2(2): 48-52.                                                                                                                         

43. Rodrigues, AC; Bomfim, L.M.and Neves, S.P. 

(2015). Antitumor properties of the essential oil 

from the leaves of Duguetia gardneriana. Planta 

Med 81(10): 798–803.                         

44. Yeo, S. K.; Ali, A. Y.  Hayward, O. A. ; 

Turnham, D.; Jackson, T. ; Bowen, I. D. and 

Clarkson, R. (2015)   β-Bisabolene, a 

Sesquiterpene from the essential oil extract of 

opoponax (Commiphora guidottii), exhibits 

cytotoxicity in breast cancer cell lines . 

Phytotherapy research phytother. Res.                                                                                                                                    

45. Hossein, A.; Reza,H.and Vahid,N. (2013 ). 

Aqueous extract of Berberis integerrima root 

improves renal dysfunction in streptozotocin-

induced diabetic rats. Avicenna J 

Phytomed.;3(1):82e90.                                                                                                                        

46. Yang, D.K and Kang, H. (2018). Anti-diabetic 

effect of cotreatment with quercetin and 

resveratrol in streptozotocin-induced diabetic 

rats. Biomol Ther., 26(2): 130-138.                          

47. Asadi, S.; Goodarzi, M.T.; Karimi, J.; 

Hashemnia, M.and khodadadi, I. (2019). Does 

curcumin or metformin attenuate oxidative 

stress and diabetic nephropathy in rats? J. 

Nephropathol., 8(1):e08.                                                                                                                     

48. AlAsmari, A.F.; Ali, N.; Alharbi, M.; Alqahtani, 

F.; Alasmari, F.; Almoqbel, D.; AlSwayyed, M.; 

Alshammari, A.; Alanazi, M.M.and Alhoshani, 

A. (2022). Geraniol ameliorates doxorubicin-

mediated Kidney injury through alteration of 

antioxidant status, inflammation, and apoptosis: 

potential roles of NF-κB and Nrf2/Ho-

1. Nutrients , 14, 162.                                           

49. Younis, N.S.; Elsewedy, H.S.; Shehata, T.M. 

and Mohamed, M.E. (2021). Geraniol averts 

methotrexate-induced acute kidney injury via 

keap1/Nrf2/HO-1 and MAPK/NF-κB 

Pathways. Curr. Issues Mol. Biol. , 43, 123.                                                                                       

50. Elghazaly,N.A.; Zaatout,H.H.; Radwan,E.H.; 

Elghazaly,M.M.and Elsheikha,E.A.(2019). 

Trigonella foenum Graecum extract benefits on 

hematological, biochemical and male 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kiortsis%2C+D+N


Pak Heart J 2023:56(01) 

http://www.pkheartjournal.com 

  

 

543 

reproductive system as a complementary 

therapy with glimepiride in treating 

streptozotocin induced diabetic rats. Journal of 

Bioinformatics and Diabetes , 1(3):45.    

51. Morgan, G.A.; Leech, N.A.; Gleaner, G.W. and 

Barrett, K.C. (2010). SPSS for introductory 

statistic: use and interpretation.2nd ed. Lawrenz. 

Erlbum. associatiates, publishers Mahwah, New 

Jersey London.                                                                                                                                     

52. Abd Al-Razaq A S, Mahmood  S J. (2023).  

Evaluation of some Immunological Parameters 

in with  Men Diabetic Nephropathy . Uttar 

Pradesh Journal of Zoology,  Volume 44, Issue 

5, Page 42-54 .M 

DOI: 10.56557/upjoz/2023/v44i53441 

53. Luma Abd Almunim Baker, Shaymaa Zuhir 

Jalal Aldin. (2022). Association of some 

biochemical parameters and blood pressure 

among males with hypertension in the camps of 

Nineveh province-Iraq. Journal of Population 

Therapeutics and Clinical 

Pharmacology, 29(04), 167–176. 

https://doi.org/10.47750/jptcp.2022.979 

54. Hamdani A, Khawar R, Rubab H. Aggressive 

Behaviorand Coping Strategies among Cardiac 

Patients with Type A and Type B Behavior 

Pattern. Pak Heart J.2022;55(03):242-246. DOI: 

https://doi.org/10.47144/phj.v55i3.2242 

55. Ashraf T, IshaqM. Coronary Artery Disease and 

Depression: A Missing Pillar in Management. 

Pak Heart J. 2022;55(03):205-

206.https://doi.org/10.47144/phj.v55i3.2377 

56. Ashiq  S, Ashiq  K, SabarMF. The  Complex  

Relationship  of  Paraoxonase  Gene  

Polymorphisms  with Coronary Artery Disease 

and Lipid Metabolism. Pak Heart J. 

2022;55(03):307-

308.https://doi.org/10.47144/phj.v55i3.2263 

57. Alaq Saeed Abdulhussain. (2022). The efficacy 

and safety of vitamin C administration to 

women with history of premature preterm 

rupture of membrane in prevention of such 

event in current pregnancy: Randomized 

controlled clinical trial. Journal of Population 

Therapeutics and Clinical 

Pharmacology, 29(04), 188–194. 

https://doi.org/10.47750/jptcp.2022.985 

 

https://doi.org/10.56557/upjoz/2023/v44i53441
https://doi.org/10.47750/jptcp.2022.979
https://doi.org/10.47750/jptcp.2022.985

