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_______________________________________ 
Abstract: Diabetes, a metabolic disorder with one cardinal finding hyperglycemia, is characterized by 
either insulin resistance or pancreatic beta cell dysfunction or both. Maintaining consistent glycemic 
control is essential for delaying disease progression and preventing micro- and macrovascular 
complications. Unfortunately, many diabetic patients fail to achieve and maintain their glycemic 
status. As a result vascular disease remains the leading cause of morbidity and mortality in people 
with diabetes. It is also evident that existing therapies for diabetes with comorbidities have several 
adverse effects. This review focuses on the regulation of insulin resistance and hyperglycemia and their 
management by some common edible natural products such as apple and guava. The raw documents 
were obtained from online journals and books using popular search engines. Edible natural products 
have the reputation and potential to demonstrate efficacy with reasonable levels of safety and also 
provide important clues (such as SGLT1 inhibitor & GPCR mediated activation of Epac) for 
identifying and developing novel antidiabetic drugs. Although these products are not currently 
recognized as natural source for diabetes but these could provide some novel insights into the 
pathophysiology of diabetes and its management. 
 
© 2021, Asian Society of Pharmacognosy. All Rights Reserved.  
 
Keywords: Apple, Guava, Type-2 diabetes, SGLT, Epac 

_______________________________________ 
 

INTRODUCTION 
 

The number of people in the world with obesity and insulin resistance is driven by Type 
2diabetes which has been increased markedly in the last decade and the trend continues with no 
attenuation insight (Asrafuzzaman et al., 2017; Guariguata et al., 2014). Asian populations, over 100 
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million having diabetes have a steeper relationship between increasing obesity (higher BMI),less 
physical activity, increased sedentary time, abdominal and ectopic fat and insulin resistance, are the 
major contributors to the risk of Type 2 diabetes (Al-Aryahi et al.,2014; Sattar and Gill, 2014). 
Diabetes is identified and diagnosed by various parameters of hyperglycemia has devastating effects 
on micro- and macrovascular diseases as the largest single cause of premature mortality and multiple 
co-morbidities in modern populations other than cancer and accidents (Little et al.,2003; Little et 
al.,2013; U.P.D.S.,1998). The treatment of diabetes still today is insulin and mostly sulfonylureas and 
metformin which have resulted reduction of hyperglycemia but not in a reduction in macrovascular 
disease (Gray et al.,2017). So, the quest for the discovery of new antidiabetic agents from natural 
sources should get priority in research. From time immemorial, natural products played an important 
role for treatment of diseases including diabetes. Although all-natural products may not have higher 
levels of safety or compatible in long duration of therapy as required to treat chronic diseases like 
diabetes. Science has the capability of exploring and investigating in numerous appropriate models for 
the actions of natural products and chemical components derived therefrom. In this review we address 
the antihyperglycemic and other antidiabetic actions of multiple edible natural products and   some 
chemical components present inthose natural medicines. 
 

MATERIAL AND METHODS 
 

Current review manuscript was developed with the help of different online journal articles 
and books by using some major key words like diabetes, natural product, Traditional medicine, 
Epac, SGLT, Phytochemicals and so on, through popular search engines like Google, Google 
scholar, Scopus, PubMed, sciencedirect, and researchgate. 

 
RESULTS AND DISCUSSION 

 
Importance of natural product as a traditional medicine in healthcare system: Traditional medicines 

have become attractive and are widely used as alternate and supplementary medicines in many 
countries around world particularly in primary health care (Islam et al.,2012; Marella, 2017; Matheka 
and Alkizim, 2012). However, WHO warns that traditional medicines are not as safe as it is claimed, 
that might have harmful and adverse effects in case of poor quality or if taken inappropriately or in 
conjugation with other medicines (Islam et al.,2012). Thus, random use of medicinal plants, based on 
folkloric reputation and ethno-botanical reports, must be validated through in-vitro or in-vivo proof of 
concept studies (Omeje et al.,2006). So, the purpose of the study of natural products is to validate and 
confirm their efficacy in the proposed target disease, diabetes and the validated natural products to be 
used in drug discovery (Arumugam et al.,2013).  
 

Natural product for the management of diabetes: Medicinal plants are one of the important sources 
of human health problems, including diabetes. Ethnobotanical reports and Ethno-pharmacological 
studies showed nearly 800 plants possess antidiabetic activity (Arumugam et al.,2013; Chikezie et 
al.,2015; Ghorbani, 2013). Phytochemicals obtained from natural sources are more favourable to use 
in chronic diseases such as diabetes because they are commonly used to prevent morbidity and 
mortality in low- and middle-income populations (Fathy and Drees,2016). Currently, the research has 
been focused to understand the specific role and mechanism of individual food compounds involving 
in protection and reduction of human health risks (Hyson,2011). The antidiabetic effects of some 
plants have been experimentally evaluated and bioactive principles have been isolated and identified 
(Ansari et al.,2014; Chikezie et al.,2015; Hannan et al.,2015; Hasan et al.,2019; Mudi et al.,2017; 
Rokeya et al.,2004; Rokeya et al.,2011 ). Here we focus on natural products which are consumed as 
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foodstuff not as a medicinal view point. Some of the chemical components of these foods play an 
important role in the activation of various molecular pathways to exert their antidiabetic effects. 
 
 

Apple: Apple is the world second most eaten fruits after banana. The chemical constituents of 
apple are flavonoids, flavonols, polyphenols, phenolic acids, cyanidin, anthocyanidins, anthocyanins, 
chlorogenic acid, gallic acid, hydroxycinnamates, quercetin, carotenoids, vitamin C, minerals and 
soluble dietary fiber (Boyer and Liu,2004; Cuthbertson et al.,2012; Francini and Sebastiani,2013; 
Ferretti et al.,2014; Hyson, 2011; Masumoto et al.,2016; Vrhovsek et al.,2004). Apple polyphenols 
especially quercetin   show   strong   antioxidant   activity through   strengthening   endogenous 
antioxidant defence mechanism and occlude free radical mediated tissue damage, exhibits anti-
inflammatory activity by impeding PGE2 production (Caco-2/12  cell  line),  it promotes relaxation    
of    cardiovascular    smooth    muscle,    hypocholesterolemic    activity, secondary complication of 
diabetes, reduce the risk of non-communicable diseases and improve human health through blocking 
free radicals  production and regulating  glucose and gene expression,  lipid  metabolism,  altering 
signalling transduction in target cells and tissues (Boyer and Liu,2004; Denis et al.,2013; Fathy and 
Drees,2016; Hyson,2011; Marella, 2017; Masumoto et al.,2016; Moon et al.,2003; Ravn-Haren et 
al.,2013; Shoji et al.,2017). Moreover, it shows a synergistic effect on glucose uptake in L6 myocytes 
cells in a dose dependent manner, promoted by GLUT4 translocation to the plasma membrane 
through PI3K, PPARγ, increases insulin sensitivity, Akt phosphorylation for glucose homeostasis 
(Manzano et al.,2016; Masumoto et al.,2009; Najafian et al.,2021; Orthan et al.,2013; Patel et 
al.,2015).  α-Glucosidase inhibitory activity of apple in intestinal mucosa is in  agreement with 
previous reports on wolf-apple flour (Alongi et al.,2018; Rocha et al.,2014). The inhibitory effect may 
be due to the apple dietary fiber and polyphenols such as quercetin, procyanidin, phlorizin, 
chlorogenic acid (Boque et al.,2013; Gonzalez-Abuin et al.,2015; Shoji et al.,2017; Manzano et 
al.,2016) . Another report claims that cloudy apple juice and its peel extract show antihyperglycemic 
effect as well as reduction of serum total cholesterol, triglyceride, LDL-C, VLDL-C and MDA level 
in diabetic model rats (Fathy and Drees,2016). The hypolipidemic effect of apple is due to its high 
phenolic compounds and the reduction of MDA level indicates that apple polyphenol may have 
antioxidant properties which protect β-cell (Fathy and Drees,2016; Peng et al.,2011). It was also 
confirmed that apple is safe and have no toxicity at average dietary level (Shoji et al.,2004). Therefore, 
we suggest that the reason of antihyperglycemic effect of apple are i)  inhibitory  effect  of  free  radical 
production and inflammatory reaction resulting impede beta cell damage and sustain insulin secretion 
ii) improve the antihyperglycemic effect by delaying gastric emptying as well as forefending α-
glucosidase, α-amylase, and SGLT1, and by iii) improving insulin sensitivity in skeletal muscle. It is 
suggested for future investigation for exploring AMPK status in skeletal muscle for insulin sensitivity, 
SGLT1 status in small intestine and kidney for glucose reabsorption capabilities.  
 

Apple flavonoids maybe more available for absorption into the bloodstream, as 
procyanidincatechin showed significant antihyperglycemic activity which is related to  insulin 
sensitive tissues by AMPK    and    Akt    phosphorylation, enhanced    β-cell    function    as    well    
as    decrease gluconeogenesis, β-cell   apoptosis   and   hepatic   lipogenesis but the oligomeric and 
polymeric flavan-3-ols  are  not  absorbed  into  the  small  intestine (Gonzalez-Abuin et al.,2015; 
Marella, 2017; Monagas et al.,2010) because  the  majority  of  oligomeric structures  reach  to  the  
large  intestine  and  catabolized  by  the  colonic  microflora  and  then finally  the  phenolic  acid  
absorbed  into  the  circulatory  system  and excreted in urine ( Aura,2008; Selma et al.,2009). Dietary 
fiber of apple may delay the gastric emptying and improve the glycemic abnormalities with the help 
of gut microbiota. Phloridzin and Phloretin-2-O-glucoside are specific, non-transported competitive 
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inhibitor of sodium glucose transporter 1 (SGLT1) in the intestine and reduced of fasting and 
postprandial glucose level (Hyson, 2011; Najafian et al.,2012; Wright, 1998). Antihyperglycemic effect 
via reduced oxidative stress and intestinal glucose absorption are the specific which support the 
requirements of future research on different cellular target with apple polyphenols to control diabetes 
and its complication. 

 
Sodium glucose like transporter 1 (SGLT1): In diabetic treatment, sodium glucose co-transporter, 

SGLT1 and SGLT2 have been in   the spotlight for their physiology and therapeutic potentials (Spatola 
et al.,2018). Human SGLT1 is a protein having α-helical domains, encoded by the SLC5A1 gene on  
chromosome 22  at  q13.1.   and expressed in stomach, kidney, skeletal muscle, liver, lung, heart, 
trachea, prostate, cervix, stomach, mesenteric adipose tissue, pancreatic α-cell and brain possess high 
affinity for glucose (Song et al.,2016). SGLT1 is the main  glucose  transporter  in  the small  intestine,  
expressed  in  the  late  renal  proximal  tubule  of the kidney  where  it  reabsorbs  the  glucose escaped 
from the upstream SGLT2 (Spatola et al.,2018) . However, this expression of both transporters is 
varying   depending   on   some   clinical   factors   and different degree of glycemic control, glomerular 
filtration rate as well as older age (Solisni et al.,2017; Spatola et al.,2018). Expression of 
SGLT1/GLUT1 is markedly increased more than fourfold in human kidney biopsy specimen than 
the  SGLT2/GLUT2  and  shows  a  significant  correlation  of  SGLT1-mRNA expression with 
fasting, postprandial glucose and HbA1c level (Norton et al.,2017). Inhibition of intestinal SGLT1 by 
potent inhibitor such as LX2761 & LX4211 delays intestinal glucose absorption in animal as well as 
human subjects (Goodwin et al.,2017; Spatola et al.,2018; Zambrowicz et al.,2012). After oral delivery 
SGLT inhibitors are covalently attached with non-absorbable polymers in the GI  tract  in  rats  and 
inhibit  intestinal  SGLT1  and  improve  glycemic  condition  by  lowering  glucose  excursions ( 
Zambrowicz et al.,2012). Inability of glucose absorption through SGLT1 in GI tract also shows a flat 
blood glucose curve during OGTTs and may create some complexity in OGTT based diagnosis of 
diabetes (Zambrowicz et al.,2012).   

 
Though, in human, administration   of   selective   or   non-selective   inhibitors   of   SGLT1 

are   not accompanied by this adverse effect may be due to incomplete inhibition of SGLT1 (Spatola 
et al.,2018; Zambrowicz et al.,2012). Selective inhibitor of SGLT1 such as GSK-1614235 shows 
hypoglycemic effect without any adverse effect when administered 12 healthy subjects in a 20mg oral 
doses. Moreover, inhibitor GSK-1614235 concentration in plasma indicates very low level of active 
molecules with having rapid clearance ability and also impede 50% glucose reabsorption compared to 
placebo (Dobbins et al.,2015; Spatola et al.,2018). So effective dose determination of  SGLT1  inhibitor  
may  be more important to control glycemic abnormalities through SGLT1. LX4211 is a potent 
inhibitor of both transporter SGLT1 and SGLT2 in-vitro and in human study it improves measures of 
glycemic control such as decrease body weight, FBG, HbA1c, significantly reduced triglyceride level, 
which may be related to GLP-1 elevation, improve glucose tolerance as well as increases urinary 
glucose excretion as a dose dependent manner (Zambrowicz et al.,2012). GLP-1 and PYY act as an 
indicator of SGLT1 inhibition and delay glucose absorption. LX2411 partially inhibit SGLT1 and 
rises the circulating level of GLP-1 and PYY level after 28 days of human study and increased GLP-
1 level may contribute to control the abnormal glucose level (Zambrowicz et al.,2012). Oral 
administration of glucose to mice stimulates incretin hormone (GLP-1, GIP) secretion from intestinal 
L and K cell (Moriya et al.,2009). Additionally, the luminal membrane of the duodenal L cell shows 
glucose induced GLP-1 secretion through α-gustducin coupled T1R3 taste receptors (Kokrashvili et 
al.,2009). So, it may be stated that, small intestine serves as the intestinal glucose sensor for the acute 
glucose induced secretion of incretin hormones. Incretin hormone act on pancreatic β-cell and 
enhance insulin secretion and GLP-1 also reduces appetite and glucagon secretion from pancreatic α-
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cell and regulates glucose homeostasis (Song et al.,2016). Impeding of SGLT1 in the small intestine 
rises the delivery of glucose to the more distal gut and colon which may induces a sustained 
enhancement of GLP-1 secretion through GPCR by gut bacterial fermentation of luminal glucose to 
short chain fatty acid  and whereas GLP-1  promotes  depolarization  of  cells  by  impeding  ATP-
sensitive  K+  channels  and  effect at the exocytotic secretory apparatus, stimulates insulin secretion 
form pancreatic β-cell as well as reduces blood glucose level and play a potential role in diabetic 
treatment (Holz.2004; Kang et al.,2001; Song et al.,2016; Tolhurst et al.,2012).  Therefore, this 
imaging role of   SGLT1 in intestinal and renal glucose transportation as  well  as  stimulation  of 
incretin hormone secretion, makes it a potential target for developing a new approaches of antidiabetic 
therapy (Spatola et al.,2018). 

 
Guava: Guava (Psidiumguajava L.) was acclaimed as poor man’s apple, with a long history of 

traditional use for a vast range of diseases (Kamath et al.,2008). The fruit guava is found in tropical 
and subtropical countries and widely used as beverages, syrup, ice cream, jams for its taste and 
nutritional benefits as well as its medicinal   value (Gutierrez et al.,2008; Wang et al.,2014). In 
traditional Chinese medicine, guava is considered as useful fruit for the management of diabetes and 
other chronic diseases (Pathare et al.,2017). In Bangladesh, the Garo communities use   guava   fruit 
with seed for the treatment of diabetes mellitus (Rahmatullah et al.,2009). The efficacy was proved by 
Cheng and Yang (1983), Chao et al.,2013 and others that water extract guava fruit can reduce plasma 
glucose level, triglyceride and LDL, in STZ-nicotinamide induced Type-2 diabetic model rats (Chao 
et al.,2013; Cheng and Yang,1983).  In in-vivo acute study, guava fruit extract shows dose dependent 
anti-peroxidative effects of lipids, in chronic study (21 day) with water extract of guava fruit peel shows 
significant antihyperglycemic and hypoglycemic effect in STZ-induced and normal Wister rat (Chao 
et al.,2013; Rai et al.,2009). Importantly, guava   fruit   peel   aqueous   extract   shows   the   reduction   
of   oxidative   stress   through significantly lowering of MDA and protein carbonyl level while 
significantly increases the SOD and GSH activity in STZ-induced diabetic rats (Budin et al.,2013). 

 
 It is well known that GSH is an important host of antioxidant that reduces intracellular free 

radicals.  Thus  the  antioxidant properties of guava fruit (polyphenols and other phenolic compounds) 
not only decreases the free radicles  but  also increases  the activity  of  free  radical  scavengers (Budin 
et al.,2013). In  histopathological study, Budin et al., 2013 also observed that, guava peel extract has 
no ability to regenerate  the  pancreatic  β-cell  those  were  damaged  by  STZ  inductions  in  animal  
model (Budin et al.,2013).  Additionally, guava fruits delays the intestinal absorption  of  glucose  due  
to  their  enrich water  soluble dietary  fiber which reduce  serum  cholesterol,  triglyceride  and LDLc  
and  thus  improve  glucose  tolerance. Similar result was found in study in human subject, guava fruit     
shows   the   ability   to   impede   α-glucosidase   activity   in   the   intestine (Kumari et al.,2016; 
Nahar et al.,1991; Rahman et al.,1994). Interestingly, there is lack of strong evidence  of  cellular  
mechanism  regarding their  antidiabetic  or  antioxidant  activity  of  the  fruit.  So, we are suggesting 
the future investigation about the molecular pathway of antioxidant and antidiabetic properties of 
guava fruits. The role of polyphenols and phenolic compounds as an antioxidant that directly scavenge 
and impeding the formation of free radicals (Jimenez-Escrig et al.,2001; Gupta et al.,2011; Kamath et 
al.,2008; Kumari et al.,2016; Rai et al.,2007; Wang et al.,2014). 
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Figure 1: Schematic summarization and model of cAMP mediated Epac2A signaling pathway for 
insulin granules exocytosis from pancreatic  β-cell. 
 

In Figure 1, activation of GPCR  on  the  β-cell  membrane  resulting  activation  of  
adenylcyclase pathway and thus increases intracellular cAMP level (Cullinan et al.,1994; Tsuboi et 
al.,2003). cAMP mediated activation of Epac2A-Rap1 opens  RyR  channels,  release  Ca2+  and  thus  
insulin (Cullinan et al.,1994; Tsuboi et al.,2003). Epac2  also  bind  to  Rim2  which  regulates  Ca2+ 
dependent fusion of insulin vesicles to the plasma membrane and responsible to mobilize insulin 
granules to fuse and enhance exocytic site to the plasma membrane (Kwan et al.,2007; Niimura et 
al.,2009; Ozaki et al.,2000). Interestingly, Epac2 has an affinity to bind with sulfonylurea and regulates 
pancreatic β-cell function   in   insulin   secretion.   For   instance,Epac2-/-     mice   treated   with   
glucose   and sulfonylurea  or  sulfonylurea  alone  shows  a reduction  of  insulin  secretion  as  well  
as  rising blood glucose level when compared with wild type C57BL/6  mice  as  a  control  whereas 
sulphonylurea  is  unable  to stimulate  insulin  secretion  in  SUR1-/-   mice (Zhang et al.,2009). 
Another  study toward  this  research  by  exploring  that  sulphonylurea  directly  bind  to  Epac2    in-
vitro study  and  activates  Epac2/Rap1  signalling  cascade  and  thus  phosphorylate  downstream 
signalling component such as ERK1/2 (Herbst et al.,2011). So, it was a novel clue that sulfonylurea 
induced insulin secretion required to bind both with SURs and Epac2. Sulfonylurea and receptor's 
role in insulin secretion is well established but little is known about sulfonylurea and Epac2 
interaction. Additionally,  in  response  to  GLP-1  treatment  intracellular  Ca2+   oscillate  in  an 
INS-1 cell and potential for  both  Ca2+   induced  insulin  granules  exocytosis  through  Epac2  and  
glucose induced  insulin  secretion  by  increasing  glucokinase  activity  through  Epac2-Rim2-Rab3 
signaling (Doyle and Egan,2007; Schmidt et al.,2013). 

 
 Moreover, the effect  on  Epac2  in  insulin  secretion  is  mediated  by  Rim2 depends  on  

intracellular  Ca2+  as  well  as  on  cAMP (Kashima et al.,2001). So Epac2-Rim2 may show a link 
with intracellular Ca2+  as well as glucokinase pathway and play a role in glucose metabolism in  the 
cell (Schmidt et al.,2013). Moreover, GLP-1 signal employs two common approaches of enhancing 
intracellular Ca2+  through PKA and Epac activation; first one is, by partial activation of the VDCC  
thereby  causing  them to  open  and  permitting  influx  of  Ca2+   and  second  one  is,  by increasing  
CICR  from  the  intracellular  store (Doyle and Egan,2007).  Interestingly,  it  was  suggested  by  the 
different research group that among the two main families (IP3R &RyR) of intracellular Ca2+ 
channels,  GLP-1  mediated  activation  of  IP3R  is  PKA  dependent  and  activation  of  RyR  is 



 
ASIAN JOURNAL OF PHARMACOGNOSY       
 Asian J. Pharmacogn 4(2): 23-34 
eISSN-0128-1119 
 

29 
© 2021, Asian Society of Pharmacognosy, All Rights Reserved 

 

Epac dependent (Doyle and Egan,2007; Kang et al.,2003; Tsuboi et al.,2003). So we may suggest that 
GPL-1 exert a new approach to control abnormal glucose level by increasing Ca2+ induced exocytosis 
of insulin granules via cAMP mediated Epac2-RyR and Epac2-Rim2 signaling pathway. 
 

Some work and key massage by our research group: Mushroom is an edible fungus that has 
been used in different cuisines and also as a remedy of diabetes around the world. But the underlining 
cellular mechanism was undefined.  Recently, we reported   the effect of Oyster mushroom powder 
(OMP) on expression of AMPK- and GLUT4-mRNA,  and  activation  of  AMP-activated  protein  
kinase  in  STZ-induced  diabetic rats (Asrafuzzaman et al.,2018). 

 
Figure 2.Effect of oyster mushroom powder on the expression of GLUT4 mRNA in type 2 diabetic 
model rats. 1- Marker; 2-Nondiabetic rat muscle; 3-Control group rat muscle; 4-Mushroom-treated rat 
muscle; 5-Non-diabetic rat adipose tissue; 6-Control rat adipose tissue; 7-Mushroom-treated rat 
adipose tissue; 8-Non-diabetic rat liver;  9-Control  rat  liver;  10-Mushroom-treated  rat  liver;  11-
Negative  control.   
 

It was found that the expression of GLUT4- and AMPK-mRNA and activation of AMPK 
protein were increased more than two folds in mushroom-supplemented STZ-induced type 2 diabetic 
model rats compared to untreated diabetic model rats (Asrafuzzaman et al.,2018). Reduced 
hyperglycemia by oyster mushroom most likely through increased expression of GLUT4 and AMPK, 
and may also through increased activation of AMPK protein (Asrafuzzaman et al.,2018). Antidiabetic 
activity of aqueous leaf extract of guava with a target of exploring the underlining mechanism of 
insulin exocytosis from β-cell was performed. In first screening   process   on   neonatal-STZ   diabetic   
model   rats   it was found   that   the   extract significantly (p< 0.05) increased serum insulin level 
compared to baseline value. It was also found that the extract significantly inhibited glucose absorption 
from upper intestine as well as enhanced glycogenesis and improved dyslipidemia (Rahman et 
al.,2019). Now the next step is to isolate their active chemical compounds and investigate the 
mechanism of insulin exocytosis with guava leaf using different advance research  
techniques. 
 

CONCLUSION 
 

This review focused on some edible foodstuffs, which are popular around the world including 
Bangladesh although these are not currently in the traditional medicines` portfolio. We have focused 
on the mechanisms of insulin resistance and hyperglycemia which are modulated by the selected food 
stuff.  Apple and guava may activate multiple cellular mechanisms which are responsible for the 
control of glycemia and metabolic homeostasis.  Polyphenols  and  phenolic  compounds  of the   
selected   foods   may   exert   their   potential   antioxidant   activity   and   reduce   cellular oxidative  
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stress  mediated  cell  damage  specially  β-cell,  increase  insulin  sensitivity  by  the activation  of  
AMPK  and  Akt  as  well  as by delaying intestinal glucose  absorption by impeding  SGLT1,  α-
glucosidase  and  thus  possibly  stimulate incretin  hormone  secretion from  intestine  which  can in 
turn increase  insulin  secretory  effect  from  pancreatic  β-cell  through cAMP-Epac2 signalling 
pathway. Type 2 diabetes is a disease of enormous consequences to the health and wealth every 
societies– all avenues should be explored to get efficacious and safe  medicines  for  the  long  term  
therapy  of  this  chronic condition. In  this review  we  have  identified  some  hitherto  overlooked  
products  and their  target  mechanisms  that  might  provide  novel  pathways  for  the  development  
of  new drugs in the management of Type 2 diabetes and its complications. 

 
ACKNOWLEGDMENTS 

 
We gratefully acknowledge to Asian Network of Research on Antidiabetic Plants (ANRAP), 

International Programme in the Chemical Sciences (IPICS) and Bangladesh University of Health 
Sciences (BUHS) for    providing all types of logistic facilities to conduct this work. 
 

DECLARATION OF CONFLICT OF INTEREST 
 

No conflict of interest to declare. 
 

REFERENCES 
 

Al-aryahiS ,Kamato D , Getachew R , ZhengW , Potocnik SJ  et al. (2014). Atherogenic,  fibrotic  and  glucose  
utilising  actions  of  glucokinase activators   on   vascular   endothelium   and   smooth   muscle. Cardiovascular   
Diabetology 13:80. doi: 10.1186/1475-2840-13-80. 

Alongi  M,  Verardo  G,  Gorassini  A,  Anese M (2018) .Effect  of  pasteurization  on  in  vitro  α- glucosidase 
inhibitory activity of apple juice. LWT. 98:366-371. doi:https://doi.org/10.1016/j.lwt.2018.08.065. 

Amel B (2013).Traditional    treatment    of    high    blood    pressure    and    diabetes    in    soukAhrasdistrict. 
Journal of Pharmacology and Phytotherapy 5(1):12-20.doi:10.5897/JPP11.065  

Ansari A, Shahriar MSZ, Hassan MM, Das SR, Rokeya B et al.( (2014). Emblicaofficinalis improves glycemic status 
and oxidative stress in STZ induced diabetic rats. Asian Pacific Journal of Tropical Medicine. 7 (1): 21-25. 
doi:https://doi.org/10.1016/S1995-7645(13)60185-6 . 

Arumugam  G,  Manjula  P,  Paari  N ( 2013) . A  review:  Antidiabetic  medicinal  plants  used  for diabetes mellitus. 
Journal of Acute Disease 2(3): 196-200. doi: https://doi.org/10.1016/S2221-6189(13)60126-2 . 

Asrafuzzaman  M,  Cao  Y,  Afroz  R,  Kamato  D,  Gray  S et al. (2017). Animal  models  for assessing the impact of 
natural products on the etiology and metabolic pathophysiology of Type 2 diabetes. Biomedicine and Pharmacotherapy 
89:1242-1251. doi: 10.1016/j.biopha.2017.03.010. 

Asrafuzzaman  M,  Rahman  MM,  Mandal  M,  Marjuque  M,  Bhowmik  A,  Rokeya  B (2018). Oyster  mushroom  
functions  as  an  anti-hyperglycaemic  through phosphorylation of AMPK and increased expression of GLUT4 in type 2 
diabetic model rats. Journal of Taibah University Medical Sciences. 13(5): 465-471. doi: 
https://doi.org/10.1016/j.jtumed.2018.02.009.  

Aura A (2008).Microbial metabolism of dietary phenolic compounds in the colon.PhytochemRev.7: 407.doi: 
10.1007/s11101-008-9095-3. 

Boqué N, de la Iglesia R, de la Garza AL, Milagro FI, Olivares M et al. (2013). Prevention of diet-induced obesity by 
apple polyphenols  in  Wistar  rats  through  regulation  of  adipocyte  gene  expression  and  DNA methylation patterns. 
MolNutr Food Res. 57(8):1473-8. doi:  https://doi.org/10.1002/mnfr.201200686. 

Boyer  J  and  Liu  RH (2004). Apple  phytochemicals  and  their  health  benefits.  Nutrition Journal.3(1):1-
5.doi:https://doi.org/10.1186/1475-2891-3-5. 

Budin  SB,  Ismail  H,  Chong  PL (2013). Psidiumguajava  fruit  peel  extract  reduces  oxidative stress of pancreas in 
streptozotocin-induced diabetic rats. SainsMalaysiana. 42(6): 707–713.  

Chao H, Wu P, Lo D, Wu W, Wu Mb (2013). Effect of guava (Psidiumguajava Linn.) fruit water extract   on   lipid   
peroxidation   and   serum   lipid   profiles   of   streptozotocin-nicotinamide induced diabetic rats. African Journal of 
Pharmacy and Pharmacology. 7(32):2299-2305. doi: doi=10.1.1.1000.87 . 



 
ASIAN JOURNAL OF PHARMACOGNOSY       
 Asian J. Pharmacogn 4(2): 23-34 
eISSN-0128-1119 
 

31 
© 2021, Asian Society of Pharmacognosy, All Rights Reserved 

 

Cheng  JT  and  Yang  RS (1983). Hypoglycemic  effect  of  guava  juice  in  mice  and  human subjects. Am J Chin 
Med. 11(1-4):74-6. doi: https://doi.org/10.1142/S0192415X83000124  . 

Chikezie  PC,  Ojiako  OA,  Nwufo  KC ( 2015). Overview  ofantidiabetic  medicinal  plants:  The Nigerian research. 
J Diabetes Metab. 6(6):546. doi: 10.4172/2155-6156.1000546.    

Cullinan CA, Brady EJ, Saperstein R, Leibowitz MD (1994) .Glucose-dependent alterations of intracellular free 
calcium by glucagon-like peptide-1(7-36amide) in individual mouse β-cells.Cell Calcium. 15: 391-400. doi: 
https://doi.org/10.1016/0143-4160(94)90014-0. 

Cuthbertson   D,   Andrews   PK,   Reganold   JP,   Davies   NM,   Lange   BM (2012) .   Utility   of metabolomics 
toward  assessing the metabolic basis  of  quality traits  in  apple fruit with  an emphasis on antioxidants. J Agric Food 
Chem.  60(35): 8552–8560. doi:https://doi.org/10.1021/jf3031088. 

Denis  MC,  Furtos  A,  Dudonne  S,  MontoudisA, Garofalo  C,  Desjardins  Y (2013).   Apple  peel  polyphenols  
and  their  beneficial  actions  on  oxidative  stress  and inflammation. PLoS ONE.; 8(1):e53725. doi:  
https://doi.org/10.1371/journal.pone.0053725 . 

Dobbins RL, Greenway FL, Chen L, Liu Y, Breed SL et al. (2015).Selective  sodium-dependent  glucose  transporter  
1  inhibitors  block  glucose absorption    and    impair    glucose-dependent    insulinotropic    peptide    release.    Am    J 
PhysiolGastrointest Liver Physiol. 308(11):G946-54. doi:https://doi.org/10.1152/ajpgi.00286.2014. 

Doyle   ME,   and   Egan   JM (2007).Mechanisms   of   action   of   GLP-1   in   the   pancreas.PharmacolTher. 
113(3): 546–593. doi: https://doi.org/10.1016/j.pharmthera.2006.11.007. 

Fathy  SM  and  Drees  EA (2016). Protective  effects  of  Egyptian  cloudy  apple  juice  and  apple peel extract on 
lipid peroxidation, antioxidant enzymes and inflammatory status in diabetic rat pancreas. BMC Complementary and 
Alternative Medicine.16(1):1-4. doi:https://doi.org/10.1186/s12906-015-0957-0 . 

FerrettiG,   Turco   I,   Bacchetti   T (2014) . Apple   as   a   source   of   dietary   phytonutrients: bioavailability  and  
evidence  of  protective  effects  against  human  cardiovascular  disease. Food and Nutrition Sciences.  5: 1234-1246. doi: 
doi:10.4236/fns.2014.513134. 

Francini A and Sebastiani L ( 2013). Phenolic Compounds in Apple (Malus x domesticaBorkh.): Compounds   
characterization   and   stability   during   postharvest   and   after   processing. antioxidants.2:181-193. doi: 
https://doi.org/10.3390/antiox2030181. 

Ghorbani A (2013). Best  herbs  for  managing  diabetes:  A  review  of  clinical  studies.  BrazilianJournal of 
Pharmaceutical Science. 49: 413-22. doi: https://doi.org/10.1590/S1984-82502013000300003  

González-AbuínN,   Pinent  M,   Casanova-Martí   A,  Arola   L,   Blay   M et al. (2015) . Procyanidins and their 
healthy protective effects egainst type 2 diabetes. Current Medicinal Chemistry. 22: 39-50. doi:  
10.2174/0929867321666140916115519 . 

Goodwin NC, Ding ZM, Harrison BA, Strobel ED, Harris AL et al. (2017).  Discovery  of  LX2761,  a  sodium-
dependent  glucose cotransporter  1  (SGLT1)  inhibitor  restricted  to  the  intestinal  lumen,  for  the  treatment  of 
diabetes. J Med Chem..60(2):710-721. doi: https://doi.org/10.1021/acs.jmedchem.6b01541. 

Gray SG, McGuire T, Cohen N, Little PJ (2017). The emerging role of metformin in gestational diabetes mellitus. 
Diabetes, Obesity and Metabolism 19(6):765-772. doi: 10.1111/dom.12893. 

Guariguata  L,  Whiting  DR,  Hambleton  I,  Beagley  J,  Linnenkamp  U et al. (2014).  IDF diabetes  atlas:Global  
estimates  of  diabetes  prevalence  for  2013  and  projections  for  2035. Diabetes Research and Clinical Practice 103:137-
149. doi: 10.1016/j.diabres.2013.11.002. 

Gupta  GK,  Chahal  J,  Arora D (2011) .Psidiumguajava  Linn:  Current  research  and  future prospects. Journal of 
Pharmacy Research.4(1),42-46.  

Guti´errez RMP, Mitchell S, Solis RV (2008). Psidiumguajava: A review of its traditional uses, phytochemistry and 
pharmacology. Journal of Ethnopharmacology. 117: 1–27. doi: https://doi.org/10.1016/j.jep.2008.01.025Get . 

Hannan JMA, Ojo OO,  Ali L, Rokeya B, Akhter JKM  et al. (2015). Actions Underlying AntidiabeticEfects of 
Ocimum sanctum Leaf Extracts in Animal Models of Type 1 and Type 2 Diabetes. European Journal of Medicinal Plant 
5(1):1-12. doi:https://doi.org/10.9734/EJMP/2015/11840 . 

Hasan MN, Sabrin F, Rokeya B, Khan MSH, Ahmed MU et al. (2019). Glucose and lipid lowering effects of 
Enhydrafluctuans extract in cadmium treated normal and type-2 diabetic model rats. BMC Complementary and 
Alternative Medicine . 19:278. doi:https://doi.org/10.1186/s12906-019-2667-5 .Herbst KJ, Coltharp C, Amzel LM, 
Zhang J (2011). Direct activation of Epac by sulfonylurea is isoform selective. Chem Biol.  18(2): 243–251. 
doi:https://doi.org/10.1016/j.chembiol.2010.12.007. 

Holz  GG (2004). Epac: A new cAMP-binding  protein  in  support  of  glucagon-like  peptide-1 receptor–mediated 
signal transduction in the pancreatic β-cell. Diabetes.53:5-13.doi: https://doi.org/10.2337/diabetes.53.1.5 . 

Hyson  DA (2011) . A  comprehensive  review  of  apples  and  apple  components  and  their relationship to human 
health. American Society for Nutrition. Adv. Nutr .2:408-420. doi:https://doi.org/10.3945/an.111.000513. 

Islam  T,  Rahman  A,  Islam  AU (2012). Effects  of  aqueous  extract  of  fresh  leaves  of  Abroma Augusta L. on 
oral absorption of glucose and metformin hydrochloride in experimental rats. ISRN Pharm. 2012:472586. doi: 
10.5402/2012/472586. 



 
ASIAN JOURNAL OF PHARMACOGNOSY       
 Asian J. Pharmacogn 4(2): 23-34 
eISSN-0128-1119 
 

32 
© 2021, Asian Society of Pharmacognosy, All Rights Reserved 

 

Ji HF, Li XJ, Zhang HY (2009). Natural product and drug discovery: can thousands of years of ancient  medical  
knowledge  lead  us  to  new  drug  and  powerful  drug  combinations  in  the fight against cancer and dementia. EMBO 
reports 10(3):194-200. doi:https://doi.org/10.1038/embor.2009.12.  

Jiménez-Escrig A, Rincón M, Pulido R, Saura-CalixtoF (2001).Guava fruit (Psidiumguajava L.) as a new source of 
antioxidant dietary fiber. J Agric Food Chem.49(11):5489-93. doi: https://doi.org/10.1021/jf010147p. 

Kamath   JV,   Rahul  N,  Kumar   CKA,   Lakshmi   SM (2008).  PsidiumguajavaL.A  review. International Journal 
of Green Pharmacy. 2(1):9-12. doi: 10.4103/0973-8258.39155. 

Kang G, Chepurny OG, HolzGG (2001) .cAMP-regulated guanine nucleotide exchange factorII (Epac2)   mediates   
Ca2+-induced   Ca2+   release   in   INS-1   pancreatic   b-cells.   Journal   of Physiology.536(2):375–385. doi:  
https://doi.org/10.1111/j.1469-7793.2001.0375c.xd. 

Kang G, Joseph JW, Chepurn OG, Monaco M, Wheeler MB et al. (2003).Epac-selective  cAMP  Analog  8-pCPT-2′-
O-Me-cAMP  as  a  stimulus  for  Ca2+- induced Ca2+  release and exocytosis in pancreatic β-cells. J Biol Chem. 278(10): 
8279– 8285. doi: https://doi.org/10.1074/jbc.M211682200.  

Kashima Y, Miki T, Shibasaki T, Ozaki N, Miyazaki M et al. (2001). Critical role of cAMP-GEFII-Rim2  complex  in  
incretin-potentiated  insulin  secretion. Journal  of  Biological Chemistry.  276 (49): 46046–46053. doi: 
https://doi.org/10.1074/jbc.M108378200.  

Kokrashvili Z, MosingerB,  Margolskee RF (2009). T1r3  and  alpha-gustducin  in  gut regulate secretion of glucagon-
like peptide-1. Ann N Y Acad Sci.1170:91-4. 

Kumari S, Rakavi R, Mangaraj M (2016). Effect of Guava in Blood Glucose and Lipid Profile in Healthy   Human   
Subjects:   A   randomized   controlled   study.   Journal   of   Clinical   and Diagnostic Research.  10(9): BC04-BC07.  doi: 
10.7860/JCDR/2016/21291.8425. 

Kwan  EP,  Gao  X,  Leung  YM,  Gaisano HY (2007).Activation  of  exchange  protein  directly activated by cyclic 
adenosine monophosphate and protein kinase A regulate common and distinct steps in promoting plasma membrane 
exocytic and granule-to-granule fusions in rat islet beta cells. Pancreas. 35(3):e45-54. doi:  
10.1097/mpa.0b013e318073d1c9. 

Little PJ, Allen TJ, Hashimura K, Nigro J, Farrelly CA et al. (2003). High glucose potentiates mitogenic  responses  of  
cultured  ovine  coronary  smooth  muscle  cell  to  platelet  derived growth   factor   and   transforming   growth   factor-
beta   1.   Diabetes   Research   Clinical Practice 59:93-101.doi: 10.1016/s0168-8227(02)00201-2. 

Little PJ, Osman   N,   Cohen   N (2013).Understanding diabetes and   its   complications   for biomedical research. 
International Journal of Diabetology& Vascular Disease Research 1:401-404. doi: dx.doi.org/10.19070/2328-353X-
130002e 

Manzano M, Giron MD, Vilchez JD, Sevillano N, El-Azem N et al. (2016).  Apple polyphenol extract improves  
insulin  sensitivity in  vitro and  in  vivo in animal models of insulin resistance. Nutrition & Metabolism.13:32. doi: 
https://doi.org/10.1186/s12986-016-0088-8.  

Marella S (2017). Flavonoids-The      most      potent      poly-phenols      as   antidiabeticagents: An overview. Modern 
Approaches in Drug Designing 1(3):1-5. doi: 10.31031/MADD.2017.01.000513 

Masumoto S, Akimoto Y, Oike H, Kobori M (2009). Dietary phloridzin reduces blood glucose levels and reverses 
Sglt1 expression in the small intestine in streptozotocin-induced diabetic mice. J Agric Food Chem. 57(11):4651-6. doi: 
https://doi.org/10.1021/jf9008197. 

Masumoto S, Terao A, Yamamoto Y, Mukai T, Miura T et al. (2016). Non-absorbable apple procyanidins    prevent    
obesity    associated    with    gut    microbial    and    metabolomics changes.Scientific Reports. 6(1):1-10. doi: 
https://doi.org/10.1038/srep31208. 

Matheka DM, Alkizim FO (2012). Complementary and alternative medicine for type 2 diabetes mellitus: Role of 
medicinal herbs. Journal of Diabetes and Endocrinology 3(4):44-56 .doi: 10.5897/JDE12.008 

Monagas M, Urpi-Sarda M, Sánchez-Patán F, LlorachR,Garrido I, Gómez-Cordovés C (2010). Insights    into    the    
metabolism    and    microbial biotransformation  of  dietary  flavan-3-ols  and  the  bioactivity  of  their  metabolites.  Food 
Funct. 1(3):233-53. doi:  10.1039/C0FO00132E  

Moon  SK, Cho GO, Jung  SY, Gal SW, Kwon  TK et al.(2003). Quercetin exerts multiple inhibitory effects on 
vascular smooth muscle cells: role of ERK1/2, cell-cycle regulation, and matrix metalloproteinase-9. BiochemBiophys Res 
Commun. 301(4):1069-78. doi: 10.4236/fns.2014.513134. 

Moriya   R,   Shirakura   T,   Ito   J,   Mashiko   S,   Seo   T (2009).   Activation   of   sodium-glucose cotransporter  1  
ameliorates  hyperglycemia  by  mediating  incretin  secretion  in  mice.  Am  JPhysiolEndocrinolMetab.297(6):E1358-65. 
doi:https://doi.org/10.1152/ajpendo.00412.2009. 

Mudi SR, Akhter M, Biswas SB, Muttalib MA, Choudhury S et al. (2017). Effect of aqueous extract of 
Aeglemarmelos fruit and leaf on glycemic, insulinemic and lipidemic status of type 2 diabetic model rats: Journal of 
Complementary and integrative medicine. 14:2. doi:https://doi.org/10.1515/jcim-2016-0111. 

Nahar N, Rahman, S. and Mosihuzzaman M (1991).Analysis of hemicelluloses from Psidiumguajava fruit. J. 
Bangladesh Chem. Soc. 4 (1), 31-34 



 
ASIAN JOURNAL OF PHARMACOGNOSY       
 Asian J. Pharmacogn 4(2): 23-34 
eISSN-0128-1119 
 

33 
© 2021, Asian Society of Pharmacognosy, All Rights Reserved 

 

Najafian  M,  Jahromi  MZ,  Nowroznejhad  MJ,  Khajeaian  P,  Kargar  MM et al. (2012). Phloridzin  reduces  blood  
glucose  levels  and  improves  lipids  metabolism  in streptozotocin-induced diabetic rats. MolBiol Rep.  39:5299–5306. 
doi: 10.1007/s11033-011-1328-7.  

Niimura M, Miki T, Shibasaki T, Fujimoto W, Iwanaga T et al. (2009). Critical role of the N- terminal cyclic AMP-
binding domain of Epac2 in its subcellular localization and function. J Cell Physiol. 219(3):652-8. doi:  
https://doi.org/10.1002/jcp.21709. 

Norton L, Shannon CE, Fourcaudot M, Hu C, Wang N.et al (2017). Sodium-glucose co-transporter (SGLT) and 
glucose transporter (GLUT)   expression   in   the   kidney   of   type   2   diabetic   subjects.   Diabetes   
ObesMetab.19(9):1322-1326. doi:  https://doi.org/10.1111/dom.13003. 

Omeje EO,   Osadebe    PO,   Obonga    WO,    Ugwuoke    CE (2006). Phytochemical    and Pharmacological     basis     
for     the     ethno     medicinal     use     of     root     extracts     from AnogeissusLeiocarpus as an antidiabetic in Estern 
Nigeria. British Journal of Pharmaceutical Research 9(4):1-8. doi: 10.9734/BJPR/2016/22289 

Orhan N, Aslan M, Süküroğlu M, DeliormanOrhanD (2013) .In vivo and in vitro antidiabetic effect of 
Cistuslaurifolius L. and detection of major phenolic compounds by UPLC-TOF-MS analysis. JEthnopharmacol. 
146(3):859-65. doi: https://doi.org/10.1016/j.jep.2013.02.016 . 

Ozaki  N,  Shibasaki  T,  Kashima  Y,  Miki  T,  Takahashi K et al.(2000). cAMP-GEFII  is  a  direct  target  of  
cAMP  in regulated exocytosis. Nat Cell Biol. 2(11):805-11. doi: https://doi.org/10.1038/35041046. 

Patel I, Padse O, Ingole Y (2015).Comparative analysis of antioxidant and antidiabetic activity for   apple   
(Malusdomestica),   banana   (Musa   paradisiaca)   &   kiwi   (Actinidiadeliciosa).International  Journal  of  Research  in  
Advent  Technology  (E-ISSN:  2321-9637)  Special  Issue National Conference “ACGT 2015”.  

Pathare  P, Nilegaonkar  S,  Agte V (2017).Factors  influencing  the  nutraceutical  activity  of Guava fruits. Advances 
in Food Science and Engineering. 1(3):107-111. doi:https://dx.doi.org/10.22606/afse.2017.13003 . 

Peng  CH,  Chyau  CC,  Chan  KC,  Chan  TH,  Wang  CJ et al (2011). Hibiscus sabdariffapolyphenolic extract 
inhibits hyperglycemia, hyperlipidemia, and glycation-oxidative stress while improving insulin resistance. J Agric Food 
Chem. 59(18):9901-9. doi: https://doi.org/10.1021/jf2022379.  

Rahman MH, Asrafuzzaman M, Mosihuzzaman M, Khan MSH, Shoeb M et al. (2019) .Antidiabetic activity studies 
of aqueous extract of Psidiumguajava L leaves on STZ-induced type 2 diabetic model rats. International Diabetes 
Federation 2019 (IDF 2019 Busan), Date: 2-6 December, 2019, BEXCO. Busan, Korea. 

Rahman S M M, Mosihuzzaman M, Rahman M M and NaharN(1994). Structural studies of water-soluble dietary 
fibre of Psidiumguajava fruit. J. Bangladesh Chem. Soc.  6 (1), 120-126. 

Rahmatullah M,   Mukti   IJ,   Haque   AKMF,   MollikMAH,   Parvin   K et al.(2009). An ethnobotanical survey and 
pharmacological evaluation of medicinalplants  used  by  Garo  tribal  community  living  in  Netrakona  district,  
Bangladesh. Advances in natural and applied sciences. 3(3): 402-418. 

Rai PK, Jaiswal D, Mehta S, Watal G (2009). Anti-hyperglycaemic potential of Psidiumguajava raw fruit peel. Indian 
J Med Res.129:561-565.  

Rai PK, Singh SK, Kesari AN, Watal G (2007).Glycaemic evaluation of Psidiumguajava in rats. Indian J Med 
Res.126:224-227. 

Ravn-Haren G, Dragsted LO, Buch-Andersen T, Jensen EN, Jensen RI (2013). Intake of whole apples or clear apple 
juice has contrasting effects on plasma lipids in healthy volunteers. Eur J Nutr.52(8):1875-89. doi: 10.1007/s00394-012-
0489-z. 

Rocha DA, de Abreu CMP, Simao AA, de Sousa RV,Fraguas RM, et al.(2014). In vivo evaluation of the 
hypoglycemic effect of wolf-apple flour  (Solanumlycocarpum  A.  St.-Hil).  African  Journal  of  Biotechnology.  13(31)  
3302-3306. doi:  10.5897/AJB2014.13700 . 

Rokeya B ( 2004). Plant Materials as a Source of Potential Antidiabetic Agents. In, Mukherjee BP &Debnath PK 
(editors): Diabetes Mellitus Epidemic Combat the Challenge, New Delhi, Tata AcGraw-Hill Publishing Company 
Limited. 73-80. 

Rokeya B, Mosihuzzaman M, Khan A, Nahar N and Ali L (2011). Emerging Challenge of Type 2 Diabetes: Prospects 
of Medicinal Plants, In: Recent Advances in the Pathogenesis, Prevention and Management of Type 2 Diabetes and its 
Complications. DOI: 10.5772/20704 

Sattar N and Gill JMR (2014). Type 2 diabetes as a disease of ectopic fat? BMC Medicine 12:123. 
https://doi.org/10.1186/s12916-014-0123-4 

Schmidt  M,  Dekker  FJ,  Maarsingh  H (2013).  Exchange  protein  directly  activated  by  cAMP (epac):  A  
multidomaincAMP  mediator  in  the  regulation  of  diverse  biological  functions. Pharmacol Rev. 65:670–709.doi: 
https://doi.org/10.1124/pr.110.003707 . 

Selma  MV, Espín  JC,  Tomás-BarberánFA (2009) . Interaction between Phenolics  and  Gut Microbiota: Role in 
Human Health. J. Agric. Food Chem.  57, 15, 6485-6501. doi; https://doi.org/10.1021/jf902107d.  

Shoji T, Akazome Y, Kanda T, Ikeda M (2004). The toxicology and safety of apple polyphenol extract. Food and 
Chemical Toxicology. 42: 959–967. doi: https://doi.org/10.1016/j.fct.2004.02.008 . 



 
ASIAN JOURNAL OF PHARMACOGNOSY       
 Asian J. Pharmacogn 4(2): 23-34 
eISSN-0128-1119 
 

34 
© 2021, Asian Society of Pharmacognosy, All Rights Reserved 

 

Shoji T, Yamada M, Miura T, Nagashima K, Ogura K (2017). Chronic  administration  of  apple  polyphenols  
ameliorates  hyperglycaemia  in  high-normal and  borderline  subjects:  A  randomised,  placebo-controlled  trial. Diabetes  
Research  and Clinical Practice.129:43-51. doi:https://doi.org/10.1016/j.diabres.2017.03.028. 

Solisni A, Rossi C, Mazzanti CM, Proietti A, Koepsell H et al (2017). Sodium-glucose co-transporter  (SGLT)2  and  
SGLT1  renal  expression  in  patients  with  type  2  diabetes. Diabetes ObesMetab. 19(9):1289-1294. doi:  
https://doi.org/10.1111/dom.12970.  

Song  P,  Onishi  A,  Koepsell  H,  VallonV (2016). Sodium glucose cotransporter  SGLT1  as  a therapeutic target in 
diabetes mellitus. Expert OpinTher Targets. 20(9): 1109–1125. doi:https://doi.org/10.1517/14728222.2016.1168808 . 

Spatola  L,  Finazzi  S,  Angelini C,  Dauriz  M,  Badalamenti  S (2018).  SGLT1   and  SGLT1Inhibitors: A role to be 
assessed in the current clinical practice. Diabetes Ther. 9:427–430. doi: https://doi.org/10.1007/s13300-017-0342-8  . 

Tolhurst G, Heffron H, Lam YS, Parker HE, Habib AM et al. (2012). Short-chain fatty acids stimulate glucagon-like 
peptide-1 secretion via the G-protein–coupled receptor FFAR2. Diabetes. 61(2):364-71. doi: 
https://doi.org/10.2337/db11-1019. 

Tsuboi T, Xavier GD, Holz GG, Jouaville LS, Thomas AP et al. (2003). Glucagon- like peptide-1  mobilizes  
intracellular  Ca2+  and  stimulates  mitochondrial ATP synthesis  in pancreatic MIN6 b-cells. Biochem J. 369:287-99. doi: 
https://doi.org/10.1042/bj20021288. 

U.P.D.S.Group (1998).Effect   of   intensive   blood   glucose   control   with   metformin   on complications in 
overweight patients with type 2 diabetes (UKPDS 34).The Lancet. 854-865. PMID: 9742977 

Vrhovsek U, Rigo A, Tonon D, Mattivi F (2004). Quantitation of polyphenols in different apple varieties. J Agric 
Food Chem. 52(21):6532-8. doi:https://doi.org/10.1021/jf049317z. 

Wang F, Chen Y, Zhang Y, Deng G, Zou Z et al. (2014). Chemical components and bioactivities of 
Psidiumguajava.International  Journal  of  Food  Nutrition  and  Safety. 5(2): 98-114.  

Wright   EM (1998).    Genetic    disorders    of    membrane    transport   I.    Glucose    galactose mal absorption. Am 
J Physiol. 275(5 Pt 1):G879-82. doi: https://doi.org/10.1152/ajpgi.1998.275.5.G879  . 

Zambrowicz  B,  Freiman  J,  Brown  PM,  Frazier  KS,  Turnage et al. (2012). LX4211, a dual SGLT1/SGLT2 
nhibitor, improved glycemic control in   patients   with   type   2   diabetes   in   a   randomized,   placebo-controlled   trial.   
Clinical Pharmacology and Therapeutics. 92(2):158-169. doi:  https://doi.org/10.1038/clpt.2012.58. 

Zhang CL, Katoh M, Shibasaki T, Minami K, Sunaga Y et al. (2009). The cAMPsensor  Epac2  is  a  direct target of 
antidiabetic sulfonylurea drugs. Science. 325(5940):607-10. doi:10.1126/science.1172256 . 
 

Appendices and Nomenclature 
 
cAMP  -  Cyclic  adenosine  monophosphate,  Epac  -Exchange  proteins  directly  activated  by 
cAMP,  PKA-Protein  Kinase  A,  AMPK-  5'AMP-activated  protein  kinase,  GLUT-Glucose 
transporter,  STZ-Streptozotocin,  CICR-Calcium  induced  calcium  release,  RyR-Ryanodine 
receptor,  SGLT-Sodium  glucose  like  transporter,  MDA-  Malondialdehyde,  SOD-Serum 
superoxide dismutase, GSH- Glutathione, AC-Adenylcyclase, ERK1/2- Extracellular signal 
regulated kinase, GDP-Guanine diphosphate, GTP-Guanine triphosphate, ER-Endoplasmic 
reticulum 
 


