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Glucagon is a peptide hormone produced in response to low blood sugar levels. 

Pharmaceutically, glucagon is used for emergency treatment of severe hypoglycemia in 

diabetes patients treated with insulin. Glucagon possesses poor solubility in aqueous 

buffers at or near physiological pH, and is also notorious for exhibiting poor chemical and 

physical stability. 

 

We here present data for ZP-GA-1, a novel glucagon analogue, which displays superior 

solubility and stability at physiological pH, while retaining high potency at the glucagon 

receptor and a comparable pharmacokinetic and -dynamic profile. 

Background 

The chemical stability of ZP-GA-1 was measured over time near physiological pH and was 

found to be drastically improved compared to native glucagon, which showed 51% 

degradation after 7 days at 40°C. The degradation of ZP-GA-1 after 90 days was only 26, 5 

and 0.7% when measured at 40, 25 and 5°C respectively. 

Excellent chemical stability 

Pharmacokinetic evaluation of ZP-GA-1 and native glucagon was performed in Sprague-

Dawley rats. The two compounds showed comparable pharmacokinetic profiles, with a 

desirable short time to reach maximum concentration and a short half life.  

Comparable pharmacokinetics 

The effect of ZP-GA-1 on acute glucose release in male Sprague-Dawley rats was 

investigated and compared with native glucagon. 

 

Our data showed that injection of ZP-GA-1 induced a blood glucose releasing effect that was 

comparable to glucagon with respect to time to reach maximal effect, maximally obtainable 

glucose excursion and time for blood glucose to return to baseline levels. 

Retained pharmacodynamic profile 

Conclusions 

 

We have succeeded in developing a glucagon 

analogue, ZP-GA-1, which demonstrates superior 

physicochemical properties over native glucagon along 

with a comparable pharmacodynamic profile. These 

studies suggest ZP-GA-1 as a potential candidate for 

the treatment and/or prevention of severe 

hypoglycemia in the form of a ready-to-use rescue kit 

or in an artificial pancreas. 
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The solubility of ZP-GA-1 was greatly enhanced at or near physiological pH when compared 

to native glucagon, which had limited solubility at pH 5-7.5.  

Superior solubility and physical stability 

We have successfully developed a glucagon analogue, ZP-GA-1, which 

demonstrates superior physicochemical properties over native glucagon 

along with a comparable pharmacodynamic profile. These studies suggest 

ZP-GA-1 as a potential candidate for the treatment and/or prevention of 

severe hypoglycemia in the form of a ready-to-use rescue kit or in an 

artificial pancreas device.   
 

Glucagon (i.v.) ZP-GA-1 (i.v.) Glucagon (s.c.) ZP-GA-1 (s.c.) 

Variable Mean (±SD) Mean (±SD) Mean (±SD) Mean (±SD) 

Tmax (min) 

Cmax (nmol/L) 

T1/2 (min) 

N/A 

1680 (±479) 

5.21 (±0.736) 

N/A 

1200 (±60.3) 

5.15 (±1.57) 

8.33 (±2.89) 

33.6 (±2.69) 

13.0 (±5.58) 

8.33 (±2.89) 

23.5 (±5.2) 

32.4 (±8.67) 

Figure 3: Chemical stability of ZP-GA-1 was measured by HPLC in a simple buffer formulation at 1 mg/mL at 

physiological pH (pH 6.5-7) for up to 90 days at 5, 25 and 40°C and compared to the chemical stability of native 

glucagon at pH 4 (due to very low solubility at physiological pH) at 40°C. 

The glucagon receptor activation of ZP-GA-1 was 

found to be very potent and comparable to native 

glucagon with an EC50 of 0.025 nM vs. 0.013 nM 

for glucagon. 

Potent glucagon receptor activation 

Glucagon ZP-GA-1 

Variable Mean (±SD) Mean (±SD) 

EC50 0.013 (±0.002) 0.025 (±0.006) 

Figure 2: The turbidity of the samples was measured as absorbance at 325 nm at day 0 and 14. 

Figure 1: ZP-GA-1 was dissolved in 50 mM phosphate buffer at pH 7.5 and native glucagon in 50 

mM glycine buffer at pH 2.5 (due to very low solubility at physiological pH) with 40 µM Thioflavin T 

(ThT) under agitation.  

Figure 4: Plasma concentration of glucagon and ZP-GA-1 in sedated SD rats after intravenous and subcutaneous 

administration of a 250 nmol/kg bolus. 

Figure 6:  The effect of ZP-GA-1 and native glucagon on acute blood glucose release in male Sprague-Dawley rats. 

The animals (n = 6/group) were injected once subcutaneously with vehicle (PBS, pH 7.4), ZP-GA-1 or native 

glucagon and blood glucose concentrations were measured every 15 minutes for 2 hours thereafter inclusive at pre-

dose (t = 0). Animals were anaesthetized during the experiment to ensure stable baseline blood glucose levels and 

fasted for 5 hours prior to dosing. 

Figure 5: Glucagon receptor activation of ZP-GA-1 and native 

glucagon was measured in HEK293 cells over-expressing the 

glucagon receptor using a cAMP AlphaScreen assay.  

 

Compound 
Milli-Q 

pH 2.5 

Acetate 

pH 4 

Acetate 

pH 5 

Phosphate 

pH 6 

Phosphate 

pH 7 

Phosphate 

pH 7.5 

Glucagon 

ZP-GA-1 

Table 1: Solubility screen of native glucagon and ZP-GA-1 in various buffers with different pH. 

Green indicates solubility ≥ 1 mg/mL; red indicates solubility <1 mg/mL   

ZP-GA-1 displayed superior physical stability compared to native glucagon as no fibrillation 

was detected for ZP-GA-1 over 14 days in a Thioflavin T assay at physiological pH. Moreover, 

absorbance data did not show increased turbidity over time, indicating that no amorphous 

aggregates have been formed either. Contrary, native glucagon fibrillated within 24 hours 

and increased turbidity was observed. 
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Compound Milli-Q 

pH 2.5 

Acetate 

pH 4 

Acetate 

pH 5 

Phosphate/ 

Citrate 

pH 5 

Phosphate/ 

Citrate 

pH 6 

Phosphate 

pH 6 

Phosphate 

pH 7 

Phosphate 

pH 7.5 

Glucagon 

ZP-GA-1 


