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ABSTRACT 

Deverra scoparia (D. scoparia) Coss. & Durieu is an endemic plant from North Africa that is 9 

commonly utilized in folk medicine for diabetes treatment. This study aimed to evaluate the 

in vivo antidiabetic effects of D. scoparia in both normal and STZ-induced diabetic rats. The 

investigation focused on the impact of an aqueous extract of D. scoparia administered at a 12 

dosage of 40 mg/kg on glycemia and lipid profiles in these rats. Additionally, the study 

included assessments of glycogen content in the liver and skeletal muscles (EDL and 

soleus), as well as a phytochemical analysis. Both single and repeated oral doses of the 15 

aqueous extract (40 mg/kg) resulted in a significant decrease in blood glucose, total 

cholesterol, and triglyceride levels in diabetic rats. Moreover, this extract improved glucose 

tolerance and enhanced hepatic glycogen content in the diabetic subjects. Notably, the plant 18 

exhibited a rich profile of certain phytochemicals, particularly phenolic acids and flavonoids. 

The findings of this study clearly indicate that the aqueous extract of D. scoparia possesses 

substantial antidiabetic activity. 21 
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GRAPHICAL ABSTRACT  

© The Author(s). 2026 Open access. This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/), 
which permits unrestricted use, distribution, and reproduction in any medium, provided you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons 
license, and indicate if changes were made.  
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INTRODUCTION 

Diabetes mellitus is a condition where the pancreatic function is impaired, resulting in 24 

inadequate insulin secretion, or the body becomes unable to process the insulin it does 

create effectively [1]. Diabetes mellitus represents a major public health and economic 

challenge globally. While over 400 million people were living with the diagnosis in 2017, that 27 

number is probable to surge to 693 million by 2045 [2]. Poorly managed diabetes can result 

in severe complications, including nephropathy, retinopathy, neuropathy, and 

cardiovascular diseases [3]. While current management involves lifestyle changes alongside 30 

synthetic drugs and insulin, these pharmaceuticals often cause significant side effects like 

heart failure and osteoporosis [4]. This has driven a search for safer alternatives, specifically 

medicinal herbs which offer glucose regulation with fewer risks [5]. To date, over 1,200 33 

plants have shown antidiabetic potential [6]. Among these is Deverra scoparia (locally known 

as “Guezzah” or ‘’Tattacht’’), a North African Apiaceae species used traditionally to treat 

various ailments, including diabetes [7-10]. As no animal-model studies currently exist 36 

regarding its efficacy, this study aims to evaluate the in vivo antidiabetic effects of D. 

scoparia in both healthy and streptozotocin-induced diabetic rats. 

EXPERIMENTALS 39 

Plant material 

The aerial components of D. scoparia were sourced from Errachidia, Morocco (a semi-arid 

zone), during September 2020. The samples were subsequently air-dried at 45 °C. 42 

Taxonomic classification was confirmed, and the specimen was assigned voucher number 

DS 09/20 for storage at the Faculty of Sciences and Techniques herbarium. 

Preparation of the aqueous extract 45 

Following traditional Moroccan medicinal practices, an aqueous decoction was prepared by 

boiling 1 g of powdered D. scoparia aerial parts in 100 mLof distilled water for 10 minutes. 

Once cooled, the mixture was passed through a 0.2 µm Millipore filter (St Quentin en 48 

Yvelines, France) to remove all particulate matter [11]. The resulting extract was 

administered at a dosage of 40 mg/kg of body weight. 

Preliminary phytochemical screening  51 

A comprehensive preliminary phytochemical analysis of the D. scoparia aerial aqueous 

extract was performed to identify key bioactive constituents. Using established standard 

protocols [12], the analysis evaluated the presence of secondary metabolites, specifically 54 

polyphenols, flavonoids, tannins, saponins, quinones, sterols, terpenoids, and alkaloids. 
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Determination of total polyphenol, flavonoid and tannin contents 

The total phenolic contents in D. scoparia aqueous extract were measured as it has been 57 

previously described [13]. The total phenolic compounds were quantified in micrograms of 

Gallic acid equivalent (GAE) per milliliter of sample, utilizing the calibration curve equation 

𝑦 = 0.0105𝑥 −  0.0242 ;  𝑅2 = 0.9963  (where y represents absorbance and x denotes 60 

concentration in GAE µg/mL). The total flavonoid content was assessed using the method 

established by Kim et al., [14]. Quantification of the total flavonoid content was performed in 

micrograms of Rutin equivalent (RE) per milliliter of sample, utilizing the calibration curve 63 

equation  𝑦 = 0.0029𝑥 −  0.0033 ; 𝑅2 = 0.9963  (where y represents absorbance and x 

denotes concentration, RE in µg/mL). The total tannin components were quantified using 

the method established by Broadhurst et al., [15]. The total tannin constituents were 66 

quantified in micrograms of catechin equivalent (CE) per milliliter of sample, utilizing the 

calibration curve equation: y = 0.0052x −  0.0056 ; R2 = 0.9984 (where y represents 

absorbance and x denotes concentration, CE in µg/mL). 69 

Experimental animals 

Adult male Wistar albino rats, with a body weight range of 120-220 g, were utilized for this 

study. The rats were housed individually in polyethylene cages under controlled laboratory 72 

conditions, with unrestricted access to food and water (ad libitum). Experimental protocols 

were approved by approved by the Institutional Animal Ethics Committee of the Faculty of 

Sciences and Techniques, Morocco (FST FSTE/2015), and conducted in accordance with 75 

international animal care and use guidelines. 

Induction of diabetes 

Following an overnight fast, Rats received intraperitoneal injections of streptozotocin (STZ; 78 

Sigma, St. Louis, MO) at 65 mg/kg in 0.1 M citrate buffer (pH 4.5). Controls were given 

distilled water. After three days, diabetic status was verified by plasma glucose >200 mg/dL 

[16]. 81 

Measurement of glycaemia  

Both normal and STZ-diabetic rats were randomized into three groups (n = 5 per group). 

The control group received distilled water, while experimental groups were treated with 84 

either D. scoparia extract (40 mg/kg) or the reference drug, glibenclamide (5 mg/kg). For the 

acute study, glycemic levels were monitored for six hours following a single oral dose. In the 

sub-chronic study, treatments were administered daily via oral gavage for seven days, 87 

during which body weight and blood glucose were regularly recorded. For the Oral Glucose 

Tolerance Test (OGTT), rats were fasted for 12 hours before receiving a 2 g/kg glucose 
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load. Blood glucose was then measured at 30, 60, 90, and 120 minutes post-administration. 90 

Total glycemic responses were quantified using the Area Under the Curve (AUC). All blood 

samples were collected via tail-tip puncture and analyzed using the glucose oxidase method 

with a Contour™ TS glucometer (Bayer Diabetes Care). 93 

Effect on glycogen content 

Upon completion of the experimental period, the liver, soleus, and extensor digitorum longus 

(EDL) muscles were excised to determine their glycogen content. Glycogen levels in these 96 

tissues were quantified using the direct anthrone reagent method described by Morris et al., 

[1]. Final concentrations were calculated following the specific formula established by Carroll 

et al., [18]. 99 

Determination of lipid profile  

On the seventh day of the experiment, the rats were sedated, and blood samples were 

obtained via retro-orbital sinus puncture using a syringe for lipid profile analysis. Plasma 102 

total cholesterol (TC) and triglycerides (TGs) were evaluated using commercial kits (SGM 

Italic) [19]. 

Statistical analysis 105 

All values are reported as mean ± SEM. Group comparisons were performed using two-way 

ANOVA followed by Bonferroni’s post hoc test. Statistical analyses were conducted with 

GraphPad Prism 7, with p < 0.05 regarded as statistically significant. Glycogen content in 108 

liver, EDL, and Soleus muscles was analyzed using unpaired t-tests at a 95% confidence 

interval. 

RESULTS AND DISCUSSION 111 

Preliminary phytochemical screening of D. scoparia  

Preliminary phytochemical analysis of the dried powder from the aerial parts of D. scoparia 

indicated that polyphenols, flavonoids, tannins, saponins, quinones, sterols, terpenoids, and 114 

alkaloids were detected (Table 1). 

Table 1. Phytochemical screening concerning the aerial part of D. scoparia. 

Detected phytochemical group Test Results of the test 

Polyphenols Ferris chlorid test (+) 

Flavonoids Shinoda test (+) 

Tannins Ferric chlorid test (+) 

Saponins Frothing test (+) 

Quinones Sulfuric acid test (+) 

Sterols and terpenoids Libermann_Buchard test (+) 

Alkaloids 

Wagner’s test (-) 

Dragendorff’s test (-) 

Mayer’s test (-) 

(+) presence, (-) absence 117 
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Quantification of total phenolic compounds, total flavonoid, and total tannins 

The total phenolic constituents in the extract were quantified as 228.570 ± 7.150 mg of Gallic 

acid equivalent per gram of the extract. Flavonoids were determined to be comparable to 120 

53.320 ± 1.710 mg of Rutin per gram of the extract. Tannins were quantified as 27.570±1.33 

mg of catechin equivalent per gram of the extract. The calibration curve utilized for 

quantifying the total phenolic, total flavonoid, and total tannin levels is illustrated in Fig. S1. 123 

Antidiabetic activity 

Single oral administration 

The acute effects of D. scoparia aqueous extract on blood glucose levels are depicted in 126 

Fig. 1. While a 40 mg/kg dose had no measurable impact on the glycemia of healthy rats 

over a 6-hour period, it produced a significant antihyperglycemic effect in STZ-induced 

diabetic rats. Specifically, blood glucose levels were significantly reduced as early as one 129 

hour post-administration (p<0.05), with further significant decreases observed at 2, 4, and 6 

hours post-treatment (p<0.0001). A notable decrease in glycaemia was noticed in 

glibenclamide-treated normal animals after the first hour of treatment (p<0.05), with this 132 

reduction becoming more pronounced at the end of six hours (p<0.0001). Glibenclamide 

also resulted in significant decreases in glycemia in diabetic rats from the second hour to 

the final hour of therapy (p<0.0001). The glycaemia of untreated diabetic and normal rats 135 

remained constant throughout six hours of therapy. 
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Fig. 1. Glycaemia over 6 h after a single oral administration of the aqueous extract of D.scoparia  
(40 mg/kg) in normal (A) and diabetic rats (B). Data are expressed as means ± S.E.M., n = 5 rats 

per group. *p<0.05, ***p<0.001 and ****p<0.0001 when compared to baseline values. 

Repeated oral administration  138 

The effects of daily oral administration over a seven-day period are presented in Fig. 2. In 

healthy rats, D. scoparia (40 mg/kg) caused no significant glycemic changes. In contrast, 

the diabetic cohort treated with the extract displayed a significant reduction in glycemia by 141 

the second day, a trend that remained highly significant through days four and seven (p < 

0.0001). Meanwhile, glibenclamide induced a moderate hypoglycemic response in normal 

rats by day four (p < 0.01), which intensified by day seven (p < 0.0001). In the diabetic 144 

group, glibenclamide treatment resulted in a consistently significant decrease in glucose 

levels from day two until the study's conclusion (p < 0.0001). 
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 147 

Fig. 2. Glycaemia over daily repeated oral administration of the aqueous extract of D. scoparia  
(40 mg/kg) for 7 days in normal (A) and diabetic rats (B). Data are expressed as means ± S.E.M., 
n= 5 rats per group. **p<0.01, ***p<0.001 and ****p<0.0001 when compared to baseline values. 150 

Effect on fasting body weight 

The impact of a seven-day treatment regimen on body weight is presented in Fig. 3. Daily 

administration of D. scoparia aqueous extract (40 mg/kg) resulted in no significant weight 153 

fluctuations in either the healthy or STZ-diabetic cohorts. Similarly, no significant changes 

in body weight were recorded for the groups receiving glibenclamide. 
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Fig. 3. Body weight variation after repeated oral administration of D. scoparia aqueous extract (40 156 

mg/kg) for 7 days in normal (A) and diabetic rats (B). Data are expressed as mean ± SEM. n=5. 

Oral glucose test tolerance 

The OGTT results for both normal and diabetic rats are presented in Figs. 4 and 5. While 159 

baseline glycemia was uniform across all groups, D. scoparia (40 mg/kg) did not significantly 

alter blood glucose levels in normal rats over the 120-minute period. In contrast, 

glibenclamide (5 mg/kg) induced a significant reduction in healthy rats starting at 60 minutes 162 

(p < 0.05), becoming more pronounced by the end of the test (p < 0.01; Fig. 4A). In STZ-

diabetic rats, neither the extract nor glibenclamide significantly shifted blood glucose 

concentrations in the direct time-course monitoring (Fig. 5A). However, the AUC analysis 165 

revealed distinct trends. In healthy rats, only glibenclamide significantly lowered the AUC (p 

< 0.01), whereas D. scoparia had no effect (Fig. 4B). Conversely, in the diabetic cohort, both 

the aqueous extract and glibenclamide successfully reduced the total glycemic response 168 

(AUC) compared to control animals (p < 0.05 and p < 0.01, respectively; Fig. 5B) 
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Fig. 4. Effect of D. scoparia aqueous extract (40 mg/kg) on oral glucose tolerance test in normal 
rats. (A): Line curves depict the changes in blood glucose response after 0, 30, 60, 90 and 120 min 171 

following administration of glucose (2 g/kg b.w.). Values are expressed as means ± SEM; n=5. 
**p<0.05; **p<0.01 and ***p<0.001 when compared to baseline values. (B): Area under the curve 

of the OGTT to compare treated groups with the control, **p<0.01. 174 

 

Fig. 5. Effect of D. scoparia aqueous extract (40 mg/kg) on oral glucose tolerance test in diabetic 
rats. (A): Line curves depict the changes in blood glucose response after 0, 30, 60, 90 and 120 min 

following administration of glucose (2 g/kg b.w.). Values are expressed as means ± SEM; n=5.  177 

(B): Area under the curve of the OGTT to compare treated groups with the control.  
*p<0.05 and **p<0.01. 
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Effect on glycogen content 180 

The effects of D. scoparia on tissue-specific glycogen storage are presented in Fig. 6. As 

expected, the STZ-diabetic rats showed a marked reduction in glycogen levels within the 

liver and skeletal muscles (soleus and EDL) compared to healthy controls. Treatment with 183 

the D. scoparia aqueous extract (40 mg/kg) significantly restored liver glycogen levels in the 

diabetic cohort (p < 0.05). However, no statistically significant changes were detected in the 

glycogen content of the EDL or soleus muscles following treatment. Furthermore, the extract 186 

did not alter glycogen storage in the liver or muscles of normal rats. 

Fig. 6. Effect of one week administration with the D. scoparia aqueous extract (40 mg/kg) on liver, 
EDL, and soleus glycogen content in normal diabetic rats. *p<0.05 when compared with control. 189 

Antihyperlipidemic activity  

The effects of repeated D. scoparia aqueous extract administration on plasma lipid profiles 

are summarized in Table 2. In the diabetic cohort, treatment with the extract (40 mg/kg) led 192 

to a significant reduction in both total cholesterol (TC) and triglycerides (TGs) (p < 0.05 and 

p < 0.01, respectively), though no effects were reported in healthy rats. Glibenclamide (5 

mg/kg) also exhibited lipid-lowering effects, significantly reducing TGs in normal rats (p < 195 
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0.01) and moderately lowering TC in diabetic rats (p < 0.05). Notably, the control groups 

receiving distilled water showed no alterations in lipid markers throughout the study. 

Table 2. Plasma total cholesterol, triglycerides and HDL-c levels over 7 days after repeated oral 
administration of D. scoparia aqueous extract (40 mg/kg) in normal and diabetic rats 

Experimental 
groups 

Total cholesterol (TC) Triglycerides (TGs) HDL-c 

0d 7d 0d 7d 0d 7d 

N
o

rm
a

l 
g

ro
u
p

s
 Control 

(distilled water) 2.740±0.043 2.578±0.067 1.357±0.064 1.389±0.027 0.833±0.031 0.899±0.022 

D. scoparia  
(40 mg/kg) 1.342±0.249 1.225±0.140 1.021±0.228 1.154±0.124 0.430±0.141 0.416±0.147 

Glibenclamide 
(5 mg/kg) 2.390±0.075 2.280±0.095 1.376±0.048 0.870±0.050** 1.024±0.049 1.331±0.091** 

D
ia

b
e
ti
c
 g

ro
u
p
s
 Control  

(distilled water) 3.604±0.120 3.162±0.037 1.775±0.200 1.320±0.170 0.952±0.026 0.864±0.024 

D. scoparia  
(40 mg/kg) 2.290±0.132 1.321±0.149* 2.540±0.347** 1.472±0.24 0.351±0.059 0.316±0.039 

Glibenclamide 
(5 mg/kg) 3.440±0.493 2.518±0.062* 1.508±0.134 1.823±0.050 0.823±0.050 1.508±0.134**** 

Data are expressed as means ± SEM., n=5 rats per group.  198 

*p<0.05; **p<0.01 and ****p<0.0001 when compared to baseline values. 

Due to their perceived safety, efficacy, and high patient-acceptability, herbal therapies are 

increasingly integrated into diabetes management strategies. This investigation focused on 201 

evaluating the antidiabetic potential of the D. scoparia aqueous extract in both healthy and 

streptozotocin-induced diabetic rat models. Streptozotocin (STZ) remains a gold-standard 

screening tool for assessing the therapeutic properties of medicinal plants in experimental 204 

diabetes research [22]. Our experimental results confirm that streptozotocin induction 

successfully produced a severe diabetic state characterized by hyperglycemia, glucose 

intolerance, and metabolic dysfunction (muscle proteolysis and adipose tissue lipolysis). 207 

The therapeutic efficacy of glibenclamide in reversing these parameters validates the 

model's integrity. Notably, a single dose of D. scoparia aqueous extract (40 mg/kg) achieved 

a highly significant reduction in fasting glycemia in diabetic rats (p < 0.0001). Prolonged 210 

administration further established its potent antihyperglycemic properties. Given that STZ 

creates an insulin-deficient state, these effects may stem from stimulated insulin secretion 

from remaining β-cells. 213 

The seven-day treatment period highlighted the extract's safety profile: blood glucose levels 

in healthy rats remained stable, demonstrating a lack of hypoglycemic risk under 

normoglycemic conditions. In contrast, diabetic rats showed a progressive, highly significant 216 

decline in glycemia. Intriguingly, at the tested doses, D. scoparia exhibited a more potent 

glucose-lowering effect than the standard drug glibenclamide, particularly on days 2, 4, and 

7. While this suggests superior potency, further molecular assays are required to elucidate 219 
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the specific pathways involved. Finally, although the OGTT remains a sensitive diagnostic 

tool, 120-minute post-load measurements may not fully capture the complexity of glucose 

processing [21]. The glucose AUC provides a more comprehensive assessment of glucose 222 

tolerance than single-point measurements, as it captures the total glycemic excursion 

following a glucose challenge [21, 22]. In this study, the AUC was significantly lower in 

diabetic rats treated with D. scoparia A.E. (40 mg/kg) compared to untreated diabetic 225 

controls (p < 0.05). This improved glucose tolerance likely results from enhanced insulin 

availability, optimized insulin function, or a reduction in intestinal glucose absorption [23]. 

Glycogen serves as the primary storage form of glucose in the liver and skeletal muscles, 228 

with its synthesis acting as a direct indicator of insulin signaling activity [24]. Consequently, 

insulin deficiency in diabetes typically leads to a significant depletion of hepatic glycogen 

stores [25]. Our findings confirmed this reduction in untreated diabetic rats across the liver, 231 

EDL, and soleus muscles. However, administration of D. scoparia aqueous extract 

significantly restored hepatic glycogen levels (p < 0.05). This suggests that the extract may 

counteract diabetic glycogen depletion by stimulating glycogenesis or inhibiting 234 

glycogenolysis. Interestingly, the lack of significant glycogen recovery in the EDL and soleus 

muscles might be attributed to the specific dosage used or the relatively short duration of 

the study. Beyond carbohydrate metabolism, the insulin deficiency inherent in diabetes also 237 

disrupts lipid profiles promoting the accumulation of total cholesterol and triglycerides which 

elevates the risk of cardiovascular complications [26, 27]. The experimental data 

demonstrated that D. scoparia aqueous extract (40 mg/kg) significantly lowered total 240 

cholesterol (p < 0.05) and triglycerides (p < 0.001) in diabetic rats. This antihyperlipidemic 

activity likely stems from improved glycemic control, enhanced insulin secretion, and a 

reduction in the mobilization of fatty acids from adipose tissue. To date, research on the 243 

bioactive profile of D. scoparia remains limited; however, our phytochemical screening 

identified a diverse array of secondary metabolites, including polyphenols, flavonoids, 

tannins, saponins, alkaloids, and terpenoids. Quantitative analysis confirmed substantial 246 

levels of phenolic compounds. These findings align with previous literature suggesting that 

natural phenols, tannins, and saponins mitigate diabetes by stimulating pancreatic insulin 

release, inhibiting hepatic glucose output, and regulating lipid metabolism [28-31]. 249 

CONCLUSION 

The present investigation demonstrates that the aqueous extract of D. scoparia possesses 

significant in vivo antidiabetic efficacy. The observed antihyperglycemic and 252 

antihyperlipidemic effects are likely mediated by improved glucose tolerance, enhanced 
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hepatic glucose uptake, and the inhibition of peripheral lipid mobilization. Our results provide 

compelling evidence validating the traditional use of D. scoparia in diabetes treatment. 255 

AUTHOR CONTRIBUTIONS 

AA: designed the research, analyzed the data, wrote the manuscript draft; MA: performed 

the experiments and analyzed the data; ME: supervised and revised the manuscript. All 

authors approved the final version of the manuscript. 258 

CONFLICT OF INTEREST 

The authors declare no conflict of interest, financial or otherwise. 

ACKNOWLEDGEMENTS 

This study was funded by CNRST (grant number PPR/2015/35).  

REFERENCES  

1. Punthakee Z., Goldenberg R., Katz P. (2018) Diabetes Canada clinical practice 

guidelines expert committee: Definition, classification and diagnosis of diabetes, 

prediabetes and metabolic syndrome. Can. J. Diabetes, 42, S10-S15. 

https://doi.org/10.1016/j.jcjd.2017.10.003 

2.  Cho N.H., Shaw J.E., Karuranga S., Huang Y. (2018) IDF Diabetes atlas: Global 

estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res. Clin. 

Pract., 138, 271-281. https://doi.org/10.1016/j.diabres.2018.02.023 

3. Rehani P.R., Iftikhar H., Nakajima M., Tanaka T., Jabbar Z., Rehani R.N. (2019) Safety 

and mode of action of diabetes medications in comparison with 5-aminolevulinic acid (5-

ALA). J. Diabetes Res., 2019, 4267357. https://doi.org/10.1155/2019/4267357 

4.  Villas Boas G.R., Rodrigues Lemos J.M., de Oliveira M.W., Dos Santos R.C., Stefanello 

da Silveira et al. (2020) Aqueous extract from Mangifera indica Linn. (Anacardiaceae) 

leaves exerts long-term hypoglycemic effect, increases insulin sensitivity and plasma 

insulin levels on diabetic Wistar rats. PLoS One, 15(1), e0227105.  

https://doi.org/10.1371/journal.pone.0227105 

5.  Leite A.C., Araújo T.G., Carvalho B.D., Maia M.B., Lima V.L. (2011) Characterization of 

the antidiabetic role of Parkinsonia aculeata (Caesalpineaceae). Evid Based 

Complement. Altern. Med., 2011, 1-9. https://doi.org/ 10.1155/2011/692378 

6.  Trojan-Rodrigues M., Alves T.L.S., Soares G.L.G., Ritter M.R. (2012) Plants used as 

antidiabetics in popular medicine in Rio Grande do Sul, southern Brazil. J. 

Ethnopharmacol., 139, 155-163. https://doi.org/10.1016/j.jep.2011.10.034 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Punthakee%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29650080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldenberg%20R%5BAuthor%5D&cauthor=true&cauthor_uid=29650080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katz%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29650080
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diabetes%20Canada%20Clinical%20Practice%20Guidelines%20Expert%20Committee%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diabetes%20Canada%20Clinical%20Practice%20Guidelines%20Expert%20Committee%5BCorporate%20Author%5D
https://doi.org/10.1016/j.jcjd.2017.10.003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20NH%5BAuthor%5D&cauthor=true&cauthor_uid=29496507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karuranga%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29496507
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29496507
file:///C:/Users/Dell/Downloads/Diabetes%20Res.%20Clin.%20Pract
file:///C:/Users/Dell/Downloads/Diabetes%20Res.%20Clin.%20Pract
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1155/2019/4267357
https://doi.org/10.1371/journal.pone.0227105
https://doi.org/%2010.1155/2011/692378
https://doi.org/10.1016/j.jep.2011.10.034


Mongolian Journal of Chemistry                   Page x of xx 
 

 

7. Gourine N., Merrad B., Yousfi M., Stocker P., Gaydou E.M. (2011) Chemical 

composition of the essential oil of Pituranthos scoparius. Nat. Prod. Commun., 6(8), 

1151-1154. https://doi.org/10.1177/1934578X1100600828 

8. Raeisi S., Mirjalili M.H., Nadjafi F., Hadian J. (2015) Variability in the essential oil content 

and composition in different plant organs of Kelussia odoratissima Mozaff. (Apiaceae) 

growing wild in Iran. J. Essent. Oil Res., 27(4), 283-288. 

https://doi.org/10.1080/10412905.2015.1025917 

9.  Ksouri A., Dob T., Belkebir A., Dahmane D., Nouasri A. (2017) Volatile compounds and 

biological activities of aerial parts of Pituranthos scoparius (Coss and Dur) Schinz 

(Apiaceae) from Hoggar, southern Algeria. Trop. J. Pharm. Res., 16, 51-58. 

https://doi.org/10.4314/tjpr.v16i1.8 

10.  Telli A., Esnault M.A., Khelil A.O. (2016) An ethnopharmacological survey of plants used 

in traditional diabetes treatment in south-eastern Algeria (Ouargla province). J. Arid 

Environ., 127, 82-92. https://doi.org/10.1016/j.jaridenv.2015.11.010 

11.  Amssayef A., Lahrach N., Eddouks M. (2020) Potent antihyperglycemic effects of an 

endemic plant from Morocco (Matthiola maroccana Coss.) in normal and streptozotocin-

induced diabetic rats. Endocr. Metab. Immune Disord. Drug Targets, 21(3), 434-440. 

https://doi.org/10.2174/1871530320666200520095305 

12. Amssayef A., Ajebli M., Eddouks M. (2020) Antihyperglycemic potential of Matricaria 

pubescens (Desf.) Schultz. in streptozotocin-induced diabetic rats. Cardiovasc. 

Hematol. Disord. Drug Targets, 20(4), 297-304. 

https://doi.org/10.2174/1871529X20666200630112610 

13. Amssayef A., Eddouks M. (2020) Antihyperglycemic, antihyperlipidemic and antioxidant 

effects of Cotula cinerea (Del) in normal and streptozotocin-induced diabetic rats. 

Endocr. Metab. Immune Disord. Drug Targets, 20(9), 1504-1513. 

https://doi.org/10.2174/1871530320666200513081312 

14.  Kim D.O., Jeong S.W., Lee C.Y. (2003) Antioxidant capacity of phenolic phytochemicals 

from various cultivars of plums. Food Chem., 81(3), 321-326. 

https://doi.org/10.1016/S0308-8146(02)00423-5 

15.  Broadhurst R.B., Jones W.T. (1978) Analysis of condensed tannins using acidified 

vanillin. J. Sci. Food Agric., 48(3), 788-794. https://doi.org/10.1002/jsfa.2740290315  

16.  Amssayef A., Eddouks M. (2021) Acute toxicity analysis and antidiabetic effect of the 

Moroccan spider flower (Cleome arabica L.) in normal and streptozotocin-induced 

diabetic rats. Endocr. Metab. Immune Disord. Drug Targets, 21(8), 1423-1430. 

https://doi.org/10.2174/1871530320666201007150438 

https://doi.org/10.1177/1934578X1100600828
https://doi.org/10.1080/10412905.2015.1025917
https://doi.org/10.4314/tjpr.v16i1.8
https://doi.org/10.1016/j.jaridenv.2015.11.010
https://doi.org/10.2174/1871530320666200520095305
https://doi.org/10.2174/1871529X20666200630112610
https://doi.org/10.2174/1871530320666200513081312
https://doi.org/10.1016/S0308-8146(02)00423-5
https://doi.org/10.1002/jsfa.2740290315
https://doi.org/10.2174/1871530320666201007150438


Mongolian Journal of Chemistry                   Page x of xx 
 

 

17.  Morris S. (1948) Quantitative determination of carbohydrates with dreywood's anthrone 

reagent. Science, 107(2775), 254. https://doi.org/10.1126/science.107.2775.254 

18.  Carroll N.V., Longley R.W., Roe J.H. (1955) The determination of glycogen in liver and 

muscle by use of anthrone reagent. J. Biol. Chem., 220(2), 583–593. 

https://doi.org/10.1016/S0021-9258(18)65284-6   

19.  Amssayef A., Eddouks M. (2022) Antidyslipidemic capacity of Cleome arabica (L.) in 

streptozotocin-induced diabetic rats. Cardiovasc. Hematol. Agents Med. Chem., 20(1), 

52-59. https://doi.org/10.2174/1871525719666210219141618 

20.  Eddouks M., Khallouki F., Owen R.W., Hebi M., Burcelin R. (2019) Evaluation of glucose 

and lipid lowering activity of Arganimide A in normal and streptozotocin-induced diabetic 

rats. Endocr. Metab. Immune Disord. Drug Targets, 19(4), 503-510. 

https://doi.org/10.2174/1871530318666181113124727 

21.  Sakaguchi K., Takeda K., Maeda M., Ogawa W., Sato T. et al. (2015) Glucose area 

under the curve during oral glucose tolerance test as an index of glucose intolerance. 

Diabetol. Int., 7(1), 53-58. https://doi.org/10.1007/s13340-015-0212-4 

22.  Sakamoto K., Kubo F., Yoshiuchi K., Ono A., Sato T. (2013) Usefulness of a novel 

system for measuring glucose area under the curve while screening for glucose 

intolerance in outpatients. J. Diabetes Investig., 4, 552-559. 

https://doi.org/10.1111/jdi.12093 

23.  Ighodaro O.M., Akinloye O.A. (2017) Anti-diabetic potential of Sapium ellipticum 

(Hochst) Pax leaf extract in streptozotocin-induced diabetic Wistar rats. BMC 

Complement. Med. Therap., 17(1), 525. https://doi.org/10.1186/s12906-017-2013-8 

24. Ferrer J.C., Favre C., Gomis R.R., Fernández-Novell J.M., García-Rocha M., de la 

Iglesia N., Cid E. (2003) Control of glycogen deposition. FEBS Lett., 546(1), 127-132. 

https://doi.org/10.1016/S0014-5793(03)00465-9 

25.  Vats V., Yadav S.P., Grover J.K. (2003) Effect of T. foenumgraecum on glycogen 

content of tissues and the key enzymes of carbohydrate metabolism. J. 

Ethnopharmacol., 85(2-3), 237-242. https://doi.org/10.1016/S0378-8741(02)00346-9 

26.  Tsutomu H. (2018) Pathophysiology of diabetic dyslipidemia. J. Atheroscler. Thromb., 

25(9), 771-782. https://doi.org/10.5551/jat.RV17020 

27.  Amssayef A., Azzaoui B., Ajebli M., Eddouks M. (2021) Antidyslipidemic and antioxidant 

activities of Matricaria pubescens (Desf.) Schultz. in streptozotocin-induced diabetic 

rats. Cardiovasc. Hematol. Agents Med. Chem., 19(1), 62-71. 

https://doi.org/10.2174/1871525718666200506100139   

https://doi.org/10.1126/science.107.2775.254
https://doi.org/10.1016/S0021-9258(18)65284-6
https://doi.org/10.2174/1871525719666210219141618
https://doi.org/10.2174/1871530318666181113124727
https://doi.org/10.1007/s13340-015-0212-4
https://doi.org/10.1111/jdi.12093
https://doi.org/10.1186/s12906-017-2013-8
https://doi.org/10.1016/S0014-5793(03)00465-9
https://doi.org/10.1016/S0378-8741(02)00346-9
https://doi.org/10.5551/jat.RV17020
https://doi.org/10.2174/1871525718666200506100139


Mongolian Journal of Chemistry                   Page x of xx 
 

 

28.  Kim Y., Keogh J.B., Clifton P.M. (2016) Polyphenols and glycemic control. Nutrients, 

8(1), 17. https://doi.org/10.3390/nu8010017 

29.  Xu J., Wang S., Feng T., Chen Y., Yang G. (2018) Hypoglycemic and hypolipidemic 

effects of total saponins from Stauntonia chinensis in diabetic db/db mice. J. Cell Mol. 

Med., 22(12), 6026-6038. https://doi.org/10.1111/jcmm.13891 

30.  Ajebli M., Eddouks M. (2019) The promising role of plant tannins as bioactive 

antidiabetic agents. Curr. Med. Chem., 26(25), 4852-4884. 

https://doi.org/10.2174/0929867325666180613110256 

31.  Al-Ishaq R.K., Abotaleb M., Kubatka P., Kajo K., Büsselberg D. (2019) Flavonoids and 

their anti-diabetic effects: Cellular mechanisms and effects to improve blood sugar 

levels. Biomolecules, 9(9), 430. https://doi.org/10.3390/biom9090430 

https://doi.org/10.3390/nu8010017
https://doi.org/10.1111/jcmm.13891
https://doi.org/10.2174/0929867325666180613110256
https://doi.org/10.3390/biom9090430

