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INTRODUCTION: 
Diabetes mellitus (DM) is reckoned as one of the 
dominant public health problems [1]. From 108 million in 
1980, the incidence and prevalence of diabetes has gone 
to 422 million in 2014 [2] and to over 450 million in 2019 
[3]. As biomarkers, there exist measurable biological 
tendencies that can differentiate effects or responses to 
any therapeutic agent [4]. Among them (biomarkers) is 
Fasting Serum C-peptide which remains a prominent 
biomarker of insulin synthesis and its resistance [5,6]. 
Worldwide, it has been highlighted by International 
Diabetes Federation (IDF) that the estimated increase 
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ABSTRACT: Alpha-glucosidase inhibitors and biguanides are effective oral hypoglycemic 
interventions against Type 2 diabetes mellitus (DM). However, flatulence and diarrhea-like adverse 
tendencies associated with alpha-glucosidase inhibitors has limited the use. The same is true for 
biguanides due to lactic acidosis also known to be associated with diarrhea. Concomitant 
administration of leaf extract of Catharanthus (C) roseus have been reported to significantly increase 
the hypoglycemic effect of both alpha-glucosidase inhibitors and biguanides as well as improve their 
safety by nullifying their diarrhea-related toxicity. The present study reviewed the sites and 
mechanisms of action of C. roseus and orthodox hypoglycemic agents conceptualizing how efficacy 
and safety of the oral hypoglycemic are improved by C. roseus diminishing their diarrheal-related 
adverse effects. 
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has persistently prevailed on a yearly basis. For instance, 
it was 415 million in 2015 [7] and 451 million in 2017 [8] 
with diabetes responsible for 8 to 12 % of global 
mortality as of 2017 [9,10]. Diabetes mellitus remains one 
of the chronic diseases that are difficult to treat 
successfully relying on orthodox drugs [10,9]. 
Interestingly, DM has been acclaimed to be managed by 
alternative and complementary remedies with over 400 
plants reported to possess anti-diabetic properties 
including Gongronema latifolium [10], Vernonia 
amygdalina [11], and Catharanthus roseus [12]. Sometimes 
these herbal extracts are prepared as polyherbal mixtures 
[14]. The objective of the present study is to review the 
sites and mechanisms of action of C. roseus in the 
treatment of diabetes by ethnomedicine healers whose 
patients also use prescription oral hypoglycemic drugs. 

METHODOLOGY: 
Numerous online searches in the databases of Google 
Scholar, Research Gate, Pubmed, and MEDLINE for 
original research articles using terms such as medicinal 
uses of “Catharanthus roseus”, “hypoglycemic activity 
of Vinca rosea”, “Catharanthus roseus effect on blood 
glucose”, “effect of co-administration of Catharanthus 
roseus extract”, molecular and biochemical actions of 
alpha-glucosidase inhibitors, biguanides” etc. Full texts 
were obtained and results of the search were screened to 
determine the desirability of articles employed in this 
review by adopting inclusion and exclusion criteria. 
Studies that reported the hypoglycemic activity, adverse 
effects, and interacting effects of co-administration, 
sites, and mechanisms of actions of C. roseus, any 
member of biguanide or alpha-glucosidase inhibitor 
were included. Except for purpose of comparison, 
articles that were dwelling on other biologic activities 
other than hypoglycemic effect were excluded as well as 
those not written in English. The initial search located a 
total of 96 studies. Screening of their titles and abstracts 
led to the exclusion of 12 articles. Further exclusion 
based on being relevant or not was carried out on the 
remaining 84 articles, where 13 articles were not 
relevant (n=13), duplicates (n=1), and not available in 
English (n=1). The inclusion and exclusion criteria of 
the full texts of the remaining 69 articles resulted in the 
exclusion of 4 additional articles, while 65 studies were 
included in this systematic review (Fig 1). 

DM AND MORBIDITY/MORTALITY: 
DM affects over 450 million individuals worldwide [3]. It 
is associated with increased cardiovascular (CV) 

morbidity/mortality and is known to be a leading 
etiology of chronic kidney disease (CKD) as well as 
end-stage kidney disease (ESKD). 

 
Fig 1. Flow chart illustrating study selection. 

BIGUANIDES AND DM TREATMENT: 
For over half a century ago different biguanides such as 
metformin, buformin, and phenformin were used in 
numerous countries for the treatment of T2DM. 
However, all but metformin were 
withdrawn internationally from the market to forestall 
the associated elevated risk of lactate acidosis (RT) [15]. 
Metformin proved effective in glycated hemoglobin 
(HBAIC) lowering associated with some weight loss 
without increasing risk for hypoglycemic [3]. All 
guidelines at the moment worldwide recommend the use 
of metformin in monotherapy for patients newly 
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diagnosed with diabetes or in concomitant with other 
antidiabetic remedies producing documented renal and 
CV benefits in cardiovascular outcome trials (CVOT). 
There is future speculation that early combination 
therapy of metformin for instance, with sodium-glucose 
co-transporter-2 (SGLT-2) inhibitors such as Gliflozins, 
should be used more often [3]. This account was different 
in the late 1970s extending into the early 1980s since 
metformin in the USA at that time had not been 
marketed. Noteworthy is that it was only in 1995 after 
safety considerations were satisfied by decades of events 
in Europe, Canada, and Asia that metformin was 
approved for use in the USA precisely, in 1998 after the 
publication of the UK Prospective Diabetes Study 
(UKPDS 34) [16,15], the role of metformin remarkably, 
changed from the devil to angel. Before then, leading 
journals rejected papers about this drug having 
considered it already historical. According to the global 
DISCOVER study, the most commonly recommended 
second-line therapies remain a combination of 
metformin with a Dipeptidyl peptidase-4(DPP-4) 
inhibitors such as gliptins representing 23.5 %; while in 
70 % of patients, the first-line treatments were 
essentially metformin either as monotherapy or in 
combination with a sulfonylurea representing 55.6  or 
14.4 % respectively [17]. 

BIGUANIDES; Benefit-Risk considerations: 
Information about the benefit-risk ratio is very crucial 
for nearly all diabetic patients worldwide. The most 
prominent risk of biguanides is lactic acidosis referred to 
as a form of metabolic acidosis that starts in the kidneys. 
In this condition, the liver shows the inability to remove 
excess acid, building up an imbalance of pH level in the 
body, which normally should always present slightly 
alkaline not acidic [18]. Despite the fact that GI adverse 
effects such as nausea and diarrhea are common, 
metformin among other members of biguanides is 
generally well tolerated and serious, life-threatening 
adverse tendencies are rare, hence singled out. The 
benefit of biguanides can be utilized by combining it 
with agents that are not only known for their 
hypoglycemic effect but exhibit also anti-GI disorders 
like diarrhea, recognizing that among others, diarrhea 
and abdominal discomfort are prominent symptoms of 
lactic acidosis [19]. 

AGIS AND DM TREATMENT: 
It may sound paradoxical that commencement of oral 
hypoglycemic therapy is recommended in the early 

treatment of type 2 diabetes only when diet and exercise 
which are the first step and measures fail to manifest 
sufficient control of blood glucose levels. It is common, 
the knowledge that Oral hypoglycemic drugs are 
available in 6 broad classes currently namely: 
sulphonylurea (e.g., glibenclamide), biguanides (e.g., 
metformin), glimidines (e.g. repaglinide), 
thiazolidinediones (e.g. pioglitazone), dipeptidyl 
peptidase IV inhibitors (e.g. sitagliptin), and alpha-
glucosidase inhibitors (e.g. acarbose) [20]. 
AGIs delay the absorption of sugars from GIT by 
reversibly inhibiting a number of alpha-glucosidase 
enzymes such as maltase. However, a report among 
healthy subjects suggested that the therapeutic effects of 
AGIs rely also on metabolic activities of colonic starch 
fermentation and not only on delayed digestion of 
complex carbohydrates [21]. AGIs target specifically 
postprandial hyperglycemia and even at overdoses do 
not cause life-threatening events or hypoglycemic 
events, and cause no weight gain through hepatic injury 
are described in rare cases [22,23]. 

COMPARISON OF BIGUANIDES AND AGIS 
WITH OTHER HYPOGLYCEMIC DRUGS: 
Though more long-term studies need to be carried out to 
ascertain the effects of AGIs compared to other 
hypoglycemic drugs, a plethora of evidence shows that 
AGIs seem to be less superior to metformin. No 
evidence in type 2 diabetes depicts AGIs as beneficial to 
delay or prevent mortality or micro-or macrovascular 
complications [20]. Metformin which has been singled out 
as the representative of biguanides, is highly efficacious 
in improving glycaemic management, with significant 
reductions in glycated hemoglobin (HbAIC) of up to 2.0 
% [23-25]; and it is very affordable. In head-to-head trails, 
metformin has been shown to be equipotent to 
sulphonylureas, thiazolidinediones, and glucagon-like 
peptide-1 (GLP-1) receptors agonists, and in general, 
more potent than DPP-4 inhibitors and SGLT-2 
inhibitors [27,26]. 

CATHARANTHUS (C.) ROSEUS AND DM 
TREATMENT: 
There is much evidence giving credence to the use of C. 
roseus towards the regulation of blood sugar [13,28-30]. 
This success has been attributed to the plethora of 
phytochemicals present in C. roseus such as flavonoids, 
alkaloids, and saponins [29,31] in which numerous studies 
have corroborated that plant extracts contain such 
phytochemicals possess hypoglycemic activity [32, 11]. It 
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is also important to highlight the synergistic influence of 
C. roseus on patients who concomitantly take 
prescription oral hypoglycemic drugs [6,29]. The outcome 
of such co-administration showed that C. roseus 
improves the hypoglycemic effect as well as the safety 
of acarbose and metformin [6]. In comparison, the blood-
glucose-lowering tendency of C. roseus extracts in an 
animal experimental model was more pronounced than 
metformin and glibenclamide [29]; while the triple co-
administration of C. roseus extract-metformin-acarbose 
manifested an extremely significant difference when 
compared with acarbose or metformin alone [6].  

MECHANISTIC CONSIDERATIONS OF C. 
ROSEUS AND DISCUSSIONS IN RELATION TO 
ORAL HYPOGLYCEMICS: 
Primarily, the mechanism of action of biguanides is via 
activation of AMP-activated protein kinase-dependent in 
the liver thereby achieving antihyperglycemic effects by 
suppressing hepatic glucose output. To a lesser effect, 
biguanides enhance insulin-mediated glucose uptake 
cum utilization in peripheral tissues [33-36]. In other 
words, biguanides are effective even independent of 
functional beta cells, increase the influx of glucose into 
skeletal muscles, increase insulin-receptor bindings, and 
stimulation of glycolysis in tissues yet due to incidence 
of lactic acidosis, these drugs are less widely used than 
sulphonylureas [37-39] accumulating evidence shows that 
biguanides might also act via pathways in the gut [40]. 
Metformin was reported recently to alter the gut 
microbiota colony in humans; hypothetically pointing 
that hypoglycemic action of the drug could be the 
outcome of modulating the population of gut microbiota 
[41]. The mechanism of action of AGIs is targeted at 
delaying the digestion of sugars from GIT. This is 
achieved by reversibly inhibiting alpha-glucosidase 
enzymes, even when pancreatic α-amylase has 
succeeded in converting polysaccharides to 
oligosaccharides, trisaccharides, or disaccharides. In 
addition to delayed digestion of complex carbohydrates, 
AGIs depend as well on the metabolic activities of 
colonic starch fermentation [21]. By frustrating the 
digestion of complex carbohydrate to monosaccharide 
(glucose) molecules, less glucose will be readily 
available for absorption. The implication is that 
carbohydrates persist in the ileum which subsequently is 
delivered to the large intestine where it becomes 
necessary for intestinal bacteria to act upon the complex 
carbohydrates for the purpose of achieving digestion 

causing diarrhea, flatulence, and other gastrointestinal 
disturbances commonly known as colonic starch 
fermentation [38]. In AGIs therapy, the short-term goal 
prominently is to minimize the current level of blood 
glucose; while the long-term goal is to reduce HbAIc 
levels [42]. AGIs (Acarbose, miglitol, and voglibose) are 
used as a third-line drug [42] despite the reputation that 
they reduce significantly post-prandial glucose, improve 
glycemic control, and do not cause weight gain [43] 
because of the major limitations of flatulence and 
diarrhea. Biguanides comparatively precipitate lactic 
acidosis [44-46] and by extension, lactose intolerance 
causes diarrhea [47]. 
C. roseus has been reported severally to exert anti-
hyperglycemic [13,29-30] and antidiarrheal effects. The 
multiple pharmacological activities of C. roseus are 
advantageous and made possible just like other natural 
products whose secondary metabolites occur as 
complexes of structurally related analogs [50,51]. The 
mechanistic considerations of C. roseus can be said to 
mimic and act in a similar fashion to glibenclamide 
[29,31], but strongly consideration of enhanced response to 
glucose via obligatory tissues including red blood cells, 
nervous tissues, and brain may not be jettisoned [52]. In 
the combination therapy of C. roseus with AGIs and 
biguanides, the mechanisms of action of drugs and herb 
which is the pharmacodynamics factor and 
pharmacokinetic involvements of interactions such as 
enzyme inhibition are linked to the manifestation of 
significant differences in the outcome between the 
combination therapies and monotherapy [29]. In addition, 
to enhance efficacy, the improvement of the safety 
profile of AGIs and biguanides attributed to C. roseus is 
dependent on its antidiarrheal outcome. In the presence 
of AGIs and biguanides, the mechanism of action of C. 
roseus is believed to depend on its capacity to enhance 
the reabsorption of intestinal fluids. This is in 
conformity with evidence that plant secondary 
metabolites as in C. roseus facilitate reabsorption of 
intestinal fluids thereby contributing immensely, to their 
antidiarrheal tendencies [53,54]. It is important to highlight 
that among another abdominal discomfort, diarrhea 
remains a notable symptom of acidic acidosis [3]. It is 
also common knowledge that flatulence and diarrhea are 
untoward effects of AGIs. This makes diarrhea a 
common denominator of both biguanides and AGIs with 
regard to adverse effects [6].  
Diarrhea is triggered by the irritation of the intestinal 
mucosa as a result of the release of endogenous nitric 
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oxide and prostaglandins furthering GIT secretion, 
edema, epithelial permeability, and motility [54,55] or due 
to the action of intestinal bacteria [38]. It should be noted 
that diarrhea is associated with cascades of events that 
translate into the frustration of the re-absorption of 
water, K+, and Na+. Among the cascades of events 
includes irritation of intestinal mucosa. The C. roseus 
extract arrests irritation in the GIT thereby reducing 
diarrhea [58] as shown in the schematic diagram (Fig 2). 
On the antidiarrheal advantage of C. roseus in the co-
administration of metformin and acarbose, the 
mechanistic tendency is attributed to its ability to 
enhance the reabsorption of intestinal fluids. This is 
supported by reports that secondary metabolites of plants 
as in C. roseus facilitate reabsorption of intestinal fluids 
thereby contributing to their antidiarrheal activity 
[53,54,56,57]. 

 
Fig 2. Sites and mechanisms of action of C. roseus 
and orthodox hypoglycemic agents; conceptualizing 
how efficacy and safety of acarbose and metformin 
are improved by C. roseus diminishing their 
diarrheal-related adverse effects via re-absorption of 
intestinal fluid.  

Metformin, a good representative of biguanides, is 
currently a standard first-line in clinical guidelines of 
anti-diabetic therapy for patients with type 2 diabetes [58] 
while AGIs are second-like oral antidiabetic agents [59] 
but in combination with C. roseus their limitations may 
be taken care of [6,28,29]. Metformin has been shown in 

head-to-head trials to be equipotent to a number of other 
hypoglycemic agents and more potent than a few others 
like DPP-4 inhibitors and SGLT-2 inhibitor [26, 25] but a 
recent study comparing cardiovascular benefits or 
outcomes of agents such as DPP-4 inhibitors, glucagon-
like peptide-1 analogs, and insulin as second-like agents 
to metformin, as far as Type 2 diabetic patients are 
concerned is being expected [60]. Nonetheless, a report 
has it that DPP-4 inhibitors are safe with regards to 
cardiovascular endpoint [61]. In a similar vein, the use of 
linagliptin is not associated with increased 
cardiovascular risk [62]. Interestingly, potentiation of 
GLP-1 action by whatever means: selective GLP-1 
receptor agonism or via prevention of enzymatic 
degradation by inhibition of DPP-4, promotes glycemic 
fall for the treatment of type 2 diabetes [63]. 
A study has explained the mechanistic considerations 
underlying mixtures-either of orthodox drugs or 
chemical extracts or both, by proposing a biologically 
based framework that vindicates the idea of exposure [64]. 
This idea elucidates the interaction of mixtures 
(combination therapy) and uptake by host organisms 
(pharmacokinetics or toxicokinetic in the case of toxins), 
to the expression of pharmacodynamics factor referring 
to the mechanism of action of herbs and drugs, and 
finally, to the combined effect known as 
pharmacogenomics which is a recent scientific field, that 
shows how genomes respond to drug agents. It explains 
the molecular mechanisms aiming at both effect and 
biomarkers that reveal genetic vulnerability to drugs and 
herbs [65]. 
Pharmacogenomics is important because extracts of 
natural products such as C. roseus, contain more than 
one mechanism of action and may interact with more 
than one specific site or pathway which may not be 
unconnected with secondary metabolites of natural 
products occurring as complexes of structurally related 
compounds [63,50]. The outcome contains parts of 
molecular interactions, associated with issues of 
response to drugs, and finally to effects emanating from 
exposure to the joint mixture or co-administration [65]. 

CONCLUSION: 
It is clear from this review that the leaf extract of C. 
roseus possesses more than one mechanistic 
considerations on the hypoglycemic activity of alpha-
glucosidase inhibitors and biguanides which confers 
synergism of action and effects, including a 
glibenclamide-like lowering of glucose concentration in 
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the blood mainly by stimulating a first-phase release of 
insulin from beta cells in the functioning pancreas, as 
well as enhance response to glucose entry into 
obligatory tissues such as nervous tissues, red blood 
cells, and brain, among others. In conferring efficacy 
and safety in the presence of AGIs and biguanides the 
mechanistic consideration of C. roseus depends on its 
ability to enhance reabsorption of intestinal fluid, hence 
contributing to their antidiarrhoeal tendencies. 
Furthermore, there is a need for researchers to intensify 
the search for alternative medicare especially 
concomitant use of herbs and drugs since diabetes is one 
of the most chronic ailments which have proven difficult 
to treat successfully with orthodox drugs. 
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