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Abstract 
Metformin, a member of the biguanide class, is an anti-diabetic medication used to manage Type 2 diabetes, Gestational 
diabetes mellitus and Polycystic ovary syndrome. Prenatal exposure to increased Metformin levels can have lasting effects on 
mothers with diabetes, as chronic and persistent high blood glucose (hyperglycemia) is prevalent in diabetes mellitus.  
Although metformin can cross biological barriers and influence cellular metabolic pathways, its effects on early embryonic 
development require further investigation. The present study evaluated the impact of different doses of metformin on 
embryonic growth and development using chick embryo (Gallus gallus domesticus). Chick embryos serve as a classic model 
for studying different stages of development and can be utilized in regenerative therapy. The fertilized eggs were categorized 
into two primary groups; group A served as the control group (normal saline), while group B represented the experimental 
group (metformin). The experimental group was further divided into three subgroups, each receiving different concentrations 
of metformin injections. Eggs from both group A and group B were injected at the 24-hour mark of incubation and examined 
on day 5 and 10 of incubation. Administering Metformin led to initial growth delays in chick embryos, along with alterations 
in their morphology. Metformin exposure was associated with alterations in embryonic morphology and extraembryonic 
vascular development compared with the control group. Treated embryos exhibited reduced peripheral vascular branching, 
vessel thinning, disruption of vascular organization, and reduced vascular density, with more pronounced alterations. These 
findings demonstrate that exposure to metformin during early chick embryonic development is associated with developmental 
and vascular alterations. The chick embryo model may therefore be useful for investigating the dose-dependent effects and 
underlying mechanisms of metformin-associated developmental toxicity. Further, molecular and mechanistic studies are 
required to clarify the pathways responsible for these developmental alterations. 
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Introduction 
Gestational diabetes mellitus refers to varying degrees of 
glucose intolerance that either begin or are discovered 
during pregnancy [1]. In recent years, especially in 
developing countries, this condition has been increasing 
rapidly globally. It affects approximately 14% of 
pregnancies every year and has effects on both the mother 
and the baby [2]. This condition is considered chronic and 
can lead to significant problems with insulin function and 
glucose regulation. Pregnancy is marked by high metabolic 
activity, making maintaining stable glucose levels essential 
[3]. Pregnancy with diabetes is associated with an increased 
risk of miscarriage at both early and late stages, congenital 
abnormalities, excessive fetal growth, and a higher chance 
of shoulder dystocia and birth-related injuries [4, 5]. 
The main strategy for managing GDM is early detection and 
treatment with several anti-hyperglycemic medications such 
insulin, metformin, and glyburides [6]. Insulin is safe and 
appropriate because it doesn't pass through the placenta [7]. 
Metformin, which is primarily used to treat type 2 diabetes, 
is now more commonly prescribed for polycystic ovary 
syndrome (PCOS) due to the shared link with insulin 
resistance [8]. It is also used for women diagnosed with 
Gestational diabetes and is currently categorized as a class B 
medication for use during pregnancy [8]. However, 
Metformin, is utilized in place of insulin treatment due to a 
number of obstacles, including cost, needle phobia, and 

availability [8, 9]. Since metformin can cross the placental 
barrier, it may affect fetal physiology and embryonic 
development, raising concerns about its safety during early 
development or conception [10]. The placenta plays a crucial 
role in transporting medications from the mother to the 
fetus, and metformin may directly influence fetal 
physiology and development. Metformin has been detected 
in umbilical cord blood at levels similar to those found in 
maternal blood [11]. High doses of metformin may lead to 
harmful or embryotoxic effects during chick embryo 
development. Metformin influences early embryonic growth 
and raises concerns about its use during conception. 
Administering metformin to one-day-old chicks affects lipid 
metabolism in the yolk sac of the embryo, leading to lipid 
depletion [12]. The activation of metformin inhibits complex 
I of the mitochondrial respiratory chain, reducing 
mitochondrial function and cellular respiration, which 
results in anaerobic respiration and an increased production 
of lactate [13, 14, 15]. Due to the significant risk of lactic 
acidosis and cardiovascular disorders associated with their 
usage, the American Food and Drug Administration (FDA) 
has removed phenformin and buformin biguanides, which 
are comparable to metformin [16]. Metformin causes 
gastrointestinal problems and lowers vitamin B12 [16]. When 
compared to treatment with a placebo in pregnant women 
who were obese but not diabetic, the Fetal Medicine 
Foundation trial (2010–2015) found that metformin can 
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reduce maternal weight gain [17]. One of the biggest 
disadvantages of metformin is the short- and long-term 
adverse effects on the children following exposure to the 
drug during intrauterine growth. The teratogenic effects of 
metformin hydrochloride include delayed development of 
brain vesicles, eyes, heart loops, branchial arches, somites 
and limb buds, as well as delayed closure of anterior and 
posterior neuropores, which resulted in anomalies in the 
brain [18]. The risk of early-stage chick embryonic 
development abnormalities, retardation, and mortality 
increased with increasing metformin concentrations [18]. 
Metformin increases the prevalence of central adiposity, 
obesity and post-natal growth [16]. This study aims in 
identifying the impacts of in-utero exposure of Metformin 
and how it influences early embryonic development.  
Experimental models play a crucial role in elucidating the 
pathogenesis and molecular mechanisms involved in the 
developmental alterations caused by maternal 
hyperglycemia [19]. In this study, we utilize chick embryos 
as the animal model to investigate the impact of metformin 
on patients with gestational diabetes mellitus (GDM). Chick 
embryos are chosen due to their significant resemblance to 
mammalian embryos [19, 20]. This model offers greater 
accessibility, enabling the handling of embryos from very 
early developmental stages and facilitating a thorough 
examination over several days of development [21]. The 
extraembryonic membranes of chicken embryos are 
commonly utilized as a screening method for drugs [22] and 
teratogenic substances [23]. This study aims in identifying the 
impacts of in-utero exposure of Metformin and how it 
influences early embryonic development.  
 
Methodology 
Experimental Design and Incubation Conditions 
Fertilized chicken eggs (Gallus gallus domesticus) were 
collected, and an experimental study was conducted on two 
main groups consisting of 40 eggs. Group A served as the 
control group, with 10 eggs receiving normal saline 
injections. Group B, the experimental group, consisting of 
30 eggs injected with metformin. This group was further 
divided into three subgroups- B1, B2 and B3 with each 
group containing 10 eggs. The control group received saline 
injections (0.3 ml) into the egg albumen. Similarly, Group B 
received 0.3 ml of metformin solutions at concentrations of 
3 mg/ml, 6 mg/ml and 9 mg/ml corresponding to 0.9 
mg/egg, 1.8 mg/egg and 2.7 mg/egg respectively. All 
injections were administered into the egg albumen at 24 hr 
of incubation. The eggs were placed inside the incubator, 
with the starting day marked as 0. Each day, the eggs were 
rotated by 180º manually throughout the incubation period.  
Eggs were maintained at standardized conditions at 38 ± 
0.5°C with relative humidity 60 -70%, and adequate fresh 
air circulation. 
 
Embryo Evaluation 
 Embryos were evaluated on the 5th and 10th day of 
incubation corresponding to Hamburger-Hamilton stages of 
development (HH26 and HH38). At each point of time, eggs 
were opened and the embryos were examined for viability 
and developmental abnormalities. Embryo viability was 
assessed by the presence of a visible heart beat at the time of 

examination. The mean weight of the embryos was 
measured using analytical weighing balance. The 
morphogenetic movements of the embryos were examined 
for gross morphological abnormalities and deviations from 
normal embryonic development. Using skeletonized images 
using ImageJ software, the embryo area, vessel length, 
branch points, and vessel density were quantified and 
compared with those of the control embryos. 
 
Statistical Analysis 
All data were expressed as mean ± standard deviation (SD). 
Statistical analyses were performed using GraphPad Prism 
Software. Differences among the control and metformin-
treated groups were assessed using one-way analysis of 
variance (ANOVA). A value of p < 0.05 was considered 
statistically significant. 
 
Results and Discussion   
An "in-ovo" model was created using chick embryos to 
mimic the exposure of foetus to Metformin in mothers with 
diabetes. Injection of Metformin enabled direct exposure of 
the developing chick embryos to the drug within the in-ovo 
environment. The mean body weight of the embryos on day 
10 was measured as an indicator of embryonic growth and 
were compared with those of the control groups. The 
administration of Metformin resulted in significant 
reduction in mean body weight with the highest growth 
suppression observed at 9 mg/ml dosage (Fig.1). Studies 
suggest that Metformin, the commonly prescribed anti-
diabetic drug has been associated with significant weight 
loss [24].  
 

 
 

Fig 1: Effect of different concentrations of metformin on chick 
embryo body weight. A reduction in mean embryo body weight 
was observed following metformin treatment, with the greatest 

reduction observed in the MET (9 mg/ml) group. Data are 
presented as mean ± SD. 

 
Representative images obtained on day 5 of incubation 
demonstrated differences in embryonic morphology and 
extra embryonic vascular organization between the control 
and Metformin treated groups. The control embryos 
exhibited normal morphology and a well-developed 
vascular network characterized by extensive branching and 
a dense peripheral vascular system. In contrast, embryos 
administered with Metformin showed alterations in vascular 
architecture including reduced peripheral branching, vessel 
thinning, discontinuities in vascular network and a reduction 
in overall network density. The most pronounced alterations 
were observed in the MET (9 mg/ml) which showed a 
sparse peripheral vascular network, fewer branches and 
marked disruption of the normal development (Fig. 2). 
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Fig 2: Effects of metformin exposure on embryonic growth and extraembryonic vascular development in chick embryos. Representative 
images of control and metformin-treated embryos on days 5 and 10 of incubation. (A–C) Control: (A) normal embryonic morphology with a 

well-developed, extensively branched extraembryonic vascular network (B) corresponding ImageJ-processed vascular image and (C) 
representative day 10 embryo. (D–F) Metformin (3 mg): reduced peripheral branching and vessel thinning on day 5, corresponding 
processed vascular image, and representative day 10 embryo. (G–I) Metformin (6 mg): altered vascular organization and embryonic 

morphology, corresponding processed vascular image, and representative day 10 embryo. (J–L) Metformin (9 mg): marked reduction in 
vascular branching and sparse peripheral vascular network, corresponding processed vascular image, and representative day 10 embryo. 

 
Table 1: Quantitative assessment of embryo area, vessel length, 

and vessel density in control and metformin-treated chick embryos. 
 

     Group  Embryo area (Px²) Vessel length (Px) Vessel density  
Control  120000 86127 .7177 

Met (3 mg) 115000 72112 .6270 
Met (6 mg) 110000 68500 .6227 
Met (9 mg) 108000 65896 .6102 
 
The table shows Embryo area and vessel length were 
measured using ImageJ and expressed in pixels squared 
(Px²) and pixels (Px), respectively. Vessel density was 
calculated as the ratio of vessel length to embryo area 
Quantitative image analysis supported the morphological 
observations (Table 1). Embryo area decreased in the 
metformin group compared to the control and the vessel 
length was also lowered in MET groups. All the metformin 
treated groups exhibited lower vessel density than control 
with the lowest vessel density observed in MET (9 mg/ml) 
on day 5. The decrease in the vessel density leads to 
complications in respiratory exchange thereby resulting in 
the abnormal growth of the embryo. The metformin treated 
groups displayed developmental defects compared with the 
normal morphology observed in control groups on day 10 
confirming Metformin restricts normal development and is 
associated with increased risk of abnormalities thereby 
disturbing normal homeostasis (Fig. 2). The control embryo 
exhibited normal gross morphology and appropriate 
developmental progression. The 3 mg metformin-treated 
embryo showed mild growth retardation and altered body 
morphology compared with the control. In the 6 mg group 

more pronounced developmental delay and morphological 
abnormalities were evident, including abnormal body 
curvature and apparent incomplete ventral body wall closure 
with protrusion of abdominal contents. The 9 mg 
metformin-treated embryo exhibited severe growth 
retardation, marked reduction in overall body size, and 
pronounced developmental dysmorphology, indicating 
severe impairment of embryonic development at the highest 
dose. Administration of Metformin in high doses results in 
embryotoxicity and acts as a teratogen. 
 
Conclusion   
Metformin is a drug used to lower blood sugar levels, and 
its potential to harm embryos or cause birth defects has not 
been thoroughly studied. This study aimed to examine the 
teratogenic effects of metformin on chick embryo 
development by comparing results from the experimental 
group with those from the control group. Metformin delayed 
embryo development and caused an increase in 
abnormalities. This research aims to enhance the 
understanding of how metformin affects the fetus when 
taken during pregnancy. Our study revealed that 
administration of metformin has negative impacts on chick 
embryo in the early stages of development. Administration 
of Metformin resulted in growth retardation, changes in 
morphogenetic movements, decreased blood vessel density 
as well as other morphological defects when compared with 
the control. In this study, the results from statistical analysis, 
combined with findings from prior research, indicate that 
metformin led to visible changes in the structure of 
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developing chick embryos when compared to a control 
group. While this study provides initial insights, further 
investigation is necessary to explore the molecular 
mechanisms, such as the specific pathways and genes 
involved in metformin metabolism, and how these might be 
affected when the drug is administered in higher doses. 
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