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Abstract
Objective: It is so difficult to formulate human growth hormone (hGH) in a solution with high stability and new drug 
delivery system (NDDs) due to physiochemical instability. The purpose of this study was to investigate the possibility 
of using Tris as a hGH stabilizer.

Materials and Methods: In this experimental study, the role of tris(hydroxymethyl)aminomethane (Tris) was evaluated 
as a hGH stabilizing agent in phosphate buffer, as a practical aqueous solution and a media to release NDDs. High-
performance liquid chromatography (HPLC) and enzyme-linked immune sorbent assay (ELISA) were applied to 
investigate the stability of hGH in solutions and dynamic light scattering (DLS) was used to measure the effect of Tris 
on the hydrodynamic size of hGH in aqueous solutions. Ultra violet (UV) spectrophotometry was used to check the 
hGH spectrum. In computational study, formation of ligand-protein complex of the Tris-hGH, and the intermolecular 
interactions between Tris and hGH were studied by molecular docking modeling.

Results: The results demonstrated that Tris at the optimum concentration, increases hGH stability in aqueous solutions. 
Also, molecular docking modeling confirmed that amino acid residues such as tyrosine (Tyr), proline (Pro), glutamic acid 
(Glu), aspartic acid (Asp), leucine (Leu), and phenylalanine (Phe) in hGH structure, were linked with Tris as a ligand. 

Conclusion: It seems that interactions between hGH and Tris are the most important reason for increment of the 
physicochemical stability of hGH in aqueous solutions containing Tris.
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Introduction 
The protein of human growth hormone (hGH) has 191 

amino acids and a molecular weight of 22 KDa. This 
protein is secreted and stored by somatotropic cells in the 
side section of the pituitary gland (1). Patients who suffer 
from GH deficiency, Prader-Willi, and Turner syndrome, 
receive a daily injection of this hormone (2). So, there is a 
strong need for new dosage forms that can facilitate hGH 
delivery, reduce the number of injections, and increase 
treatment efficacy and patients’ compliance (2-4). 
However, hGH instability in new drug delivery systems 
(NDDSs), aqueous solutions remain a major hurdle. So 
far, many studies have been done to increase the stability 
of hGH in solutions.

The most suitable stability for hGH in solution 
and NDDSs, is generally provided by the addition of 
antioxidants, osmolytes, acid neutralizers and biological 
buffers (5-9). In aqueous media, hGH stability is affected 
by buffer species, concentration, temperature, pH, ionic 

strength, and physical stress. These factors can produce 
unwanted crosslinking, oxidation, deamination, and 
consequently aggregation. An appropriate buffer for 
protein media, should preferably release its components 
from the protein domain (to enhance water surface 
tension), remove free radical, reduce the mobility of the 
water molecules, and suppress nucleophilic substitution 
on disulfide bonds (5, 10). 

Biological buffers such as tris(hydroxymethyl)
aminomethane (Tris) (C4H11NO3) and other tris derivatives 
are among additives used to stabilize proteins (11). Tris 
is a biocompatible weak base (molecular weight 121 Da) 
(12) that protects proteins against chemical degradation, 
denaturation, unfolding, and ultimately, aggregation by 
interacting with the protein, or similar to osmolytes, it 
induces proteins stabilization (10, 12).

In the previous studies, the stability of some proteins 
such as bovine serum albumin (BSA) and interleukin 
was increased in aqueous solutions at high temperatures 
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in the presence of Tris (11, 13). It has become evident 
that the hydroxyl groups in Tris form hydrogen bond with 
glutamic acid, aspartic acid, alanine, glycine, tryptophan 
and cysteine amino acids in proteins and peptides, and 
protect them against chemical degradation (14). It was 
also shown that a greater hydrogen bonding can be 
achieved by increasing concentrations of Tris (11, 14). 
Changes in protein stability in the presence of Tris, at least 
in part, depend on intermolecular interactions that can be 
studied by empirical experiments as well as computer 
modeling. Intermolecular interactions that can be studied 
by empirical experiments as well as computer modeling. 
Molecular docking is a computer modeling approach used 
to predict the preferred orientation of binding to provide a 
stable conformation. The preferred orientation knowledge 
is utilized for prediction of the binding affinity between 
two molecules using scoring functions. Two approaches 
are commonly employed within the docking modeling 
association. One approach is to simulate the ligand and the 
protein as complementary surfaces. The second approach 
describes the docking process in which the energies of 
interaction in the ligand-protein pair are calculated (15). 
Investigation of the Tris effects on hGH stability and 
intermolecular interactions between hGH and Tris, was 
the aim of this study.

Materials and Methods
Materials

hGH was purchased in the form of powder with 
excipient ratio of 1:6 from GeneScience Pharmaceuticals 
(China). Tris(hydroxymethyl)aminomethane (Tris) was 
purchased from Sigma-Aldrich (USA), and n-propyl 
alcohol (analytical grade) was obtained from Merck, 
Germany.

Sample preparation
In this experimental study, to compare hGH stability 

in phosphate and Tris buffers (0.05 M, pH=7.4), hGH 
solutions (1 mg/ml) were prepared and kept at two 
temperatures 5 ± 2oC (refrigerator temperature) and 37 ± 
1oC (body temperature). The solutions were sampled and 
analyzed by High-performance liquid chromatography 
(HPLC) and enzyme-linked immune sorbent assay 
(ELISA), for 5 days and 24 hours, respectively. To 
investigate the effects of Tris on hGH stability in 
phosphate buffer, the hGH solutions (1 mg/ml) were 
prepared in phosphate buffer at the concentration of 0.05 
M and pH=7.4, containing 0.0, 3.0, 4.0, and 6.0 mM of 
Tris and kept at 37 ± 1oC.  The samples’ turbidity was 
tested after 48 hours. The hGH solutions (1 mg/ml) in Tris 
buffers (0.01, 0.03, 0.05, 0.07, 0.09 M and pH=7.4) and 
phosphate buffers (0.05 M, pH=7.4) containing of 0.00, 
0.01, 0.03, 0.05, 0.07, 0.09 M Tris were prepared and kept 
at 37oC for 24 hours. to investigate the effects of Tris on 
hGH hydrodynamic size, DLS test was performed.

To detect potential interactions between hGH and Tris, 
reference standard hGH solutions 1( mg/ml) containing 

0.00, 0.05, and 0.1 M of Tris were prepared in distilled 
water and analyzed by UV spectrophotometry.

Experimental analysis and evaluation 
ELISA Kit: hGH concentration in solutions was 

measured using an ELISA Kit (Accubind, Monobind, 
USA). The absorbance was measured at the wavelength 
of 450 nm using a microplate photometer (Rodon, Titertek 
Multiskan, Netherlands).

HPLC: Analysis was performed according to the 
United State Pharmacopeia (USP) 40 by HPLC (smart 
line manager 5050, Knauer, Germany) with column C4 
(4 mm×25 cm, 5 μm, 300 A°) (phenomenex, China), at 
45oC with mobile phase containing a mixture of 71% Tris 
buffer (0.05 M, pH=7.5) and 29% n-propyl alcohol and 
the flow rate was set at 0.5 ml/minute.

Dynamic light scattering (DLS): hGH aggregation 
and agglomeration was investigated using DLS (Omni, 
Brookhaven, USA) and turbidity tests. 

UV spectrophotometer: hGH structural changes were 
tracked using a UV analyzer (UV-1650PC, Shimadzu, 
Japan).

Computational analysis and evaluation methods
Density functional theory calculation

In the computational study, a full geometric optimization of 
the electronic ground state of Tris was obtained by applying 
the DFT (16, 17) using the Becke’s three-parameter hybrid 
exchange functional (B3) (18) and the Lee-Yang-Parr 
correlation functional (LYP) (19). A fairly large basis set with 
two sets of polarization functions denoted the 6-311G (2p, 
2d) basis was used (16). All calculations were carried out 
using Gamess-US Package (20). 

Molecular docking
Computational docking can be used to predict bound 

conformation and free energies for a small ligand molecule 
binding a macromolecular target. Docking is used to study 
intermolecular interactions and their mechanisms (21). 

The interaction of Tris, as a ligand, with hGH, as a 
macromolecule, was investigated. The Auto dock 4.2 
was used to locate the appropriate conformations and 
binding orientations of one molecule of Tris into the hGH 
binding pocket. The lamarckian genetic algorithm (LGA) 
implemented in the Auto Dock program, was employed 
(22). The ligand (Tris) structure was optimized by DFT 
calculations. This optimized structure and hGH protein 
data bank [PDB code: 1Hgu (N-Hydroxyguanidine)] (23) 
were subjected to docking analysis. By adding the polar 
hydrogen atoms, the Kollman united atom charges, atomic 
solvation parameters, and fragmental volumes were 
assigned to the protein, using Auto Dock Tools (24). The 
grid spacing was 0.375Å, and each grid map consisted 
of 50×36×52 grid points. Lennard-Jones parameters 
12- 6 and 12-10, supplied by the program, were used to 
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model vander Waals interactions and hydrogen bonds, 
respectively. For ligand, random starting positions, 
random orientations, and torsions were used. The 
docking was performed with an initial 150 individuals’ 
population, a maximum of 270,000 generations, 
and maximum of 25 million energy evaluations. A 
maximum of 300 conformers was considered in the 
docking modeling process. Using a root mean square 
deviation (RMSD) less than 0.2 nm as a threshold, 
the resulting conformations were clustered. After the 
simulation was completed, the docked structure was 
analyzed and the interaction was investigated. The 
binding distance between the donors and acceptors 
and the hydrogen bond interactions were measured for 
the best conformers. Interactions, position, spacing of 
amino acids with each other within the complex of Tris 
and hGH, were also studied using a PyMOL package 
(25).

Statistical analysis
In statistical analysis, to compare the data obtained from 

different samples, a t test (Paired Two Sample for Mean 
values) was performed using Microsoft Office Excel version 
2016. A P<0.05 was considered statistically significant. 

Results 
Human growth hormone stability in the phosphate 
and Tris buffers 

hGH chemical degradation such as oxidation and 
deamidation, and physical degradation (e.g. aggregation, 
agglomeration or unfolding), which lead to biological 
deactivation of hGH, in Tris and phosphate buffers (0.05 
M, pH=7.4 ) at two temperatures of 5 ± 2˚C and 37 ± 1˚C, 
were investigated by HPLC (26, 27) and ELISA analysis 
(28), respectively (Fig.1).

Fig.1: hGH stability in Tris and phosphate buffers (0.05 M, pH=7.4) analyzed by HPLC and ELISA tests. A. At 5 ± 2oC and B. At 37 ± 1oC.
hGH; Human growth hormone, HPLC; High performance liquid chromatography, and ELISA; Enzyme-linked immunosorbent assay.

A

B
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HPLC analysis of hGH stability in phosphate buffer 
at 5 ± 2oC, showed that the stability of hGH in the 
phosphate buffer remained unchanged for four days; 
however, the results of ELISA analysis showed a 
decrease in the stability following the second day. In 
other words, hGH chemical degradation was found 
insignificant for four days, so decreased stability 
detected by ELISA test can be attributed to the physical 
degradation. 

In Tris buffer, both HPLC and ELISA results 
confirmed that hGH stability remained unchanged for 
four days at 5 ± 2oC. Therefore, the difference in hGH 
stability between phosphate buffer and Tris buffer 
confirmed that Tris could enhance hGH stability twice 
as much. By comparison of the results of hGH stability 
study at 5 ± 2oC in Tris and phosphate buffers, it was 
demonstrated that hGH stability remained unchanged 
for two days and then, significantly decreased in 
phosphate buffer (P≤0.035, Fig.1A).  

The 24-hour physical and chemical stability data 
obtained by HPLC and ELISA analysis at 37 ± 1˚C, 
showed that hGH remained stable in phosphate buffer for 
1 hour. hGH stability in this buffer decreased after one 
hour due to initiation of chemical degradations; however, 
after 2 hours, physical degradation also increased hGH 
instability as shown by ELISA results (Fig.1B). 

The obtained HPLC and ELISA results in terms 
of hGH stability in Tris buffer showed that hGH 
chemical degradation was suppressed for 24 hours 
and hGH degradation after 3.5 hours, was related to 
physical degradation. Therefore, comparison of hGH 
stability between Tris buffer and phosphate buffer (37 
± 1˚C) in 3.5 hours, demonstrated a greater chemical 
stability for hGH in Tris buffer, and showed that hGH 
physical degradation rate in Tris buffer was lower than 
that in phosphate buffer (Fig.1B). Statistical analysis 
showed differences in hGH stability between Tris 
and phosphate buffer at 37 ± 1oC from hour 2 to 24 
(P=0.0209).

Effect of Tris on human growth hormone stability in 
aqueous solution

Since chemical and physical degradations can 
lead to protein aggregation, changes in the stability 
of a protein can be evaluated by monitoring protein 
aggregation. For this purpose, the effect of Tris on 
hGH stability was studied by adding Tris to phosphate 
buffer containing hGH. Aggregated hGH’s size and 
percent in phosphate buffer solution of hGH, was 
evaluated using qualitative turbidity and DLS tests 
performed at 37 ± 1oC. Following the addition of 
Tris, the color of the solution was changed from off-
white to completely transparent at Tris concentration 
of 3.0 up to 6.0 mM at 37 ± 1˚C after 48 hours. This 
color change was due to reductions in hGH physical 

degradation, such as unfolding, and aggregation, and 
chemical degradation (Fig.2). 

Fig.2: Human growth hormone (hGH) solution in phosphate buffer 
(pH=7.4), after 48 hours at 37 ± 1˚C. A. Solution containing 0.0 mM Tris, B. 
Solution containing 3.0 mM Tris, C. Solution containing 4.0 mM Tris, and 
D. Solution containing 6 mM Tris.

The DLS test results indicated that adding Tris at the 
optimum concentration to the hGH solutions (Tris buffer 
and phosphate buffer containing Tris), increased the 
stability of this protein and prevented its aggregation 
(Fig.3). Based on these results, hydrodynamic size of 
hGH was in the range of 4 to 5 nm (in dimer form, hGH 
size is 8-10 nm) in both Tris and phosphate buffers (0.05 
M, pH=7.4) at t=0 (Fig.3A). In Tris buffers (pH=7.4) of 
different concentrations, the average of aggregated protein 
diameter size decreased with increasing concentrations 
(0.01 to 0.05 M) of Tris from. Although hGH has the 
minimum average diameter size in Tris buffer 0.05 M, but 
with increasing concentration (from 0.05 to 0.09 M) of 
Tris, hGH aggregation and diameter size was increased 
(Fig.3B-F).

In phosphate buffer containing hGH and Tris, by 
increasing Tris concentration from 0 up to 0.03 M 
in solutions, the aggregated hGH diameter decreased 
to the diameter of the dimeric protein. However, by 
increasing Tris concentration from 0.03 up to 0.09 
M, the aggregated protein diameter increased again 
(Fig.3G-L). Therefore, the minimum diameter of 
aggregated hGH was observed in Tris buffer 0.05 M, 
and phosphate buffer 0.05 M containing 0.03 M Tris, 
after 24 hours at 37˚C.

Investigation of Tris and human growth hormone 
interaction 

Chemical interactions between hGH and Tris were 
investigated using UV spectrometry and molecular 
modeling. The preliminary results confirmed the 
interactions between the two molecules (Fig.4A-C). The 
amino acids of hGH that can potentially create hydrogen 
bonds with Tris, are introduced by Molecular Docking 
modeling in Table 1.

BA DC
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Fig.3: Particle size distribution of human growth hormone (hGH) protein in different phosphate and Tris buffer solutions, pH=7.4. A. At t=0, B-F. In Tris 
buffer 0.01, 0.03, 0.05, 0.07, and 0.09 M, G-L. In phosphate buffer containing 0.00, 0.01, 0.03, 0.05, 0.07, 0.09 M Tris after 24 hours at 37˚C.
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Fig.4: Interactions between human growth hormone (hGH) and Tris. A. Interaction from the close view (structure of the first conformation from the first 
cluster). B. Interactions between Tris (blue) and hGH amino acids involved in hydrogen bonds (red) and tryptophan (purple) at 3 different positions. C. 
Ultra violet (UV) spectrums related to hGH solutions containing 0, 0.05 and 0.1 M Tris.

Table 1: Some results of Docking simulation 

The cluster The number of conformation in cluster The lowest binding energy The amino acids involved in hydrogen bonding

1 212 -6.22 PRO89, GLU88, ASP147, LEU93, PHE92

2 45 -5.86 GLU32, GLU29, TYR28, LYS41

3 3 -5.05 GLU118, LYS115, GLU119

4 28 -4.85 GLU33, GLu29, Glu32

5 3 -4.74 GLU119, GLU118

6 4 -4.57 GLU119, ASP118, Asp112

7 1 -4.46 ILE36, GLN40

8 1 -4.41 ASP109, ASP112, TYR111, VAL110

9 2 -4.09 TYR164, TYR28, LYS 41

10 1 -3.43 THR60, GLU65

BA

C
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In addition to performed these tests by the present team, 
Studies by other researchers were suggested, Tris as an 
osmolyte can increase the hGH stability by changing in 
folded and unfolded hGH levels of Gibbs free energy 
(Fig.5).

Fig.5: Transfer of natural protein to unfolded protein in buffer solution 
(∆G1); the reaction of unfolded protein in aqueous solution to the 
unfolded protein in buffer with stabilizer (∆G2); the transfer of natural 
protein to unfolded protein in buffer with stabilizer (∆G3); and the reaction 
of natural protein in aqueous solution to natural protein in solution with 
stabilizer (∆G4). 

Discussion
With increasing concentrations of Tris, at lower 

concentrations (to 0.05 M in Tris buffer and to 0.03 M in 
phosphate buffer), the stability of hGH increased and at 
higher salt concentrations, increasing Tris concentrations 
led to decreasing hGH’s stability. Increases in hGH stability 
at low Tris concentration can be potentially attributed to 
the following three mechanisms: i. Interactions between 
Tris and hGH, ii. Salting-in effect of Tris, and/or iii. 
Preferential exclusion of Tris from protein domain in 
aqueous solutions.

Tris-hGH interactions: Tris could delay oxidation, 
deamidation, denaturation and ultimately, aggregation 
of hGH through electrostatic interactions and hydrogen 
bonding with hGH’s amino acids that are prone to 
degradation (10, 14).

Possibility of Tris-hGH electrostatic interactions can 
be explained by hGH and Tris net charge in solutions 
(29, 30). In solutions with pH=7.4, PI 5.12 and pKa 8, 
the protein could be negatively charged and Tris could be 
mainly ionized with the positive charges. Thus, probably, 
there were hGH-Tris electro-static interactions which 
could be regarded as the reasons for the increase in hGH 
stability in the solutions (31).

To investigate the possibility of hydrogen bonding 
between Tris and hGH, as a reason for improved stability 
of hGH molecules, the interactions between these two 
molecules were evaluated using a molecular modeling 
approach and spectrophotometric methods. Molecular 

docking is the most common means of analyzing ligand-
protein interactions at the molecular level. Therefore, 
computational docking was used to obtain more details 
on the possible binding mode of Tris and Tris interaction 
with hGH residues. 

Analysis of docking calculations using RMSD-tolerance 
of 2.0 Å out of 300 docking implementation, showed that 
there were 10 clusters of conformers. This included the 
number of conformations in every cluster, the binding 
energy of the lowest energy conformation in these 
clusters (in kcal/moll), and the residues participating in 
hydrogen bonds interactions. The lowest docked energy 
value was -6.22 kcal/moll, implying that Tris had affinity 
towards hGH. The residues participating in hydrogen 
bonds interactions, were Pro89, Glu88, Asp147, Leo93 
and Phe92.

In addition to using molecular docking, UV experiment 
was also performed to study Tris- hGH interactions. UV 
technique is a simple method to study intermolecular 
interactions, structural changes and formation of 
molecular complexes (26, 32). The UV data confirmed 
that peaks of the hGH spectrum (tyrosine and tryptophan 
or phenylalanine) were shifted toward the longer 
wavelengths in the presence of Tris. 

The interaction between tyrosin and phenylalanine 
with Tris, was proven in the Docking data; however, 
tryptophan could not directly interact with the ligand. 
The change in the UV peak of tryptophan in the presence 
of Tris, was presumably due to the interaction of the 
tryptophan amino acids with the neighboring amino acids 
in solutions. Consequently, molecular docking modeling 
and UV experiments data showed that the possibility of 
hydrogen bonding between Tris and the hGH. 

Previous studies showed that some of the amino acids 
such as Asp, can cause hydrolytic degradation in hGH 
(33) or similarly, oxidation of Tyr and Leo can cause 
hGH degradation (34). Therefore, these electrostatic 
interactions and hydrogen bonds can prevent destructive 
chemical interactions.

Salting-in effect of Tris: Changes in hGH stability 
observed in different concentrations of Tris can be related 
to the Salting-in and Salting-out effects. In aqueous protein 
solutions, with increasing salt ions at low concentrations, 
the protein solubility increases due to the creation of 
charge-charge bonds between ions and the protein surface. 
This effect of salt is called salting-in. Salting-in effects 
are observed up to the optimum concentration, and then, 
with increasing ions concentration, protein solubility 
decreases (called salting-out). Salting-in phenomena in 
Tris buffer happened at concentrations lower than 0.05 M, 
and in phosphate buffer containing Tris, due to existence 
of phosphate ions, these phenomena happened at lower 
Tris concentration (0.03 M). 

Increase in hGH’s physical stability, at low 
concentrations of Tris in solutions, is related to prevent 
protein aggregation (35).
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Preferential exclusion from protein domain: Preferential 
exclusion of Tris from hGH’s domain in aqueous 
solutions, is the third mechanism underlying the increased 
hGH stability in solutions containing the optimum 
concentration of Tris like osmolyts molecules (36, 37). 

Tris as an osmolyte can increase the hGH stability by 
changing in folded and unfolded hGH levels of Gibbs free 
energy (38). 

The Gibbs free energy of native and unfolded protein 
in the aqueous solution containing an osmolyte, may 
be increased as much as ∆G4 and ∆G2, respectively. 
Since the ∆G2 is increasing more than ∆G4, the 
thermodynamic stability of the native protein is 
increased. In other words, unfolded protein in the 
solution containing a stabilizer is more unstable than 
in the solutions without any stabilizer (∆G3 is more 
than ∆G1). Therefore, the increased hGH’s stability 
could be mainly due to the decreased stability of the 
unfolded protein in the presence of Tris at the optimum 
concentration (38). In spite of increased hGH stability 
at low concentrations of Tris, its stability decreased 
at high concentration of this salt, from 0.05 to 0.09 in 
the Tris buffer and from 0.03 to 0.09 in the phosphate 
buffer. In these ionic strength, it seems that the net 
charge of protein was neutralized with near zero, 
and this increased the hydrophobic protein-protein 
interactions, leading to hGH aggregation. Also, 
salting-out effect at high salt concentrations in the 
protein solutions, leads to protein aggregation; in this 
phenomenon, salts ions could compete with the water 
molecules needed to solvate the proteins, that leads to 
protein aggregation (39). 

Finally, it can be claimed that adding Tris to aqueous 
hGH solutions increases chemical and physical stability 
of this protein due to creation of Tris-hGH bonds, salting-
in effect and Preferential exclusion of Tris, that prevents 
hGH aggregation. It can be also claimed that stabilization 
occurs at the optimum tris concentration, pH and 
appropriate ionic strength.

Conclusion
The main finding of this study was that Tris as a weak 

base, increased the stability of hGH in aqueous solution 
at the body and refrigerator temperatures. The chemical 
degradation of hGH’s amino acids was decreased due 
to hydrogen bonding and electrostatic interactions with 
Tris in the proper pH and ionic strength. By changing the 
Gibbs free energy between the native and unfolded hGH, 
Tris prevented hGH from the aggregation. Therefore, 
as a stabilizer, Tris can enhance hGH physicochemical 
stability in solutions.

Acknowledgements
This work financially supported by Royan, Iran Polymer, 

and Petrochemical Institutes. There is no conflict of 
interest in this study.

Authors’ Contributions
All authors contributed to conception, design of 

the study, and reviewed the literature. S.Kh.; Did 
experimental work. S.M., H.M., H.G., S.Kh., M.I.; Made 
substantial contribution to the discussions, wrote, and 
reviewed the manuscript. H.O.; Edited the manuscript. 
M.H.S.; Finalized the manuscript before submission, 
were responsible for overall supervision. All authors read 
and approved the final manuscript. 

References
1. Dehkhoda F, Lee CMM, Medina J, Brooks AJ . The growth hor-

mone receptor: mechanism of receptor activation cell signaling,  
and physiological aspects. Front Endocrinol (Lausanne). 2018; 9: 
35.

2. Cai Y, Xu M, Yuan M, Liu Z, Yuan W. Developments in human 
growth hormone preparations: sustained-release, prolonged half-
life, novel injection devices, and alternative delivery routes. Int J 
Nanomedicine. 2014; 9: 3527-3538. 

3. Bielohuby M, Zarkesh-Esfahani SH, Manolopoulou J, Wirthgen 
E, Walpurgis K, Toghiany Khorasgani M, et al. Validation of se-
rum IGF-I as a biomarker to monitor the bioactivity of exogenous 
growth hormone agonists and antagonists in rabbits. Dis Model 
Mech. 2014; 7(11): 1263-1273.

4. Smeets ETHC, Schutzler SE, Wei JY, Azhar G, Wolfe RR. Do an-
abolic nutritional supplements stimulate human growth hormone 
secretion in elderly women with heart failure? Physiol Rep. 2017; 
5(15). pii: e13366. 

5. Mohammadpanah H, Rastegar H, Ramazani MR, Jaafari MR. Ef-
fects of different buffers and pH on the stability of recombinant 
human growth hormone. Biosci Biotechnol Res Asia. 2013; 10(1): 
193-203.

6. Sharma S, Pathak N, Chattopadhyay K. Osmolyte induced stabili-
zation of protein molecules: a brief review. Journal of Proteins and 
Proteomics. 2012; 3(2): 129-139.

7. Richter S, Fabris D, Binaschi M, Gatto B, Capranico G, Palumbo 
M. Effects of common buffer systems on drug activity: the case of 
clerocidin. Chem Res Toxicol. 2004; 17(4): 492-501.

8. Zamiri C, Groves MJ. Stabilization of somatropin by heparin. J 
Pharm Pharmacol. 2005; 57(5): 555-564.

9. Zhu G, Mallery SR, Schwendeman SP. Stabilization of proteins en-
capsulated in injectable poly (lactide- co-glycolide). Nat Biotechnol. 
2000; 18(1): 52-57.

10. Zbacnik TJ, Holcomb RE, Katayama DS, Murphy BM, Payne 
RW, Coccaro RC,  et al. Role of buffers in protein formulations. J 
Pharm Sci. 2017; 106(3): 713-733. 

11. Kim SJ, Hahn SK, Kim MJ, Kim DH, Lee YP. Development of a 
novel sustained release formulation of recombinant human growth 
hormone using sodium hyaluronate microparticles. J Control Re-
lease. 2005; 104(2): 323-335. 

12. Saeki K, Kunito T, Sakai M. Effect of Tris-HCl buffer on DNA ad-
sorption by a variety of soil constituents. Microbes Environ. 2011; 
26(1): 88-91. 

13. Komur B, Akyuva Y, Karaslan N, Isyar M, Gumustas SA, Yilmaz I, 
et al. Can a biodegradable implanted bilayered drug delivery sys-
tem loaded with BMP-2/BMP-12 take an effective role in the bio-
logical repair process of bone-tendon injuries? A preliminary report. 
J Pharm (Cairo). 2017; 2017: 7457865. 

14. Taha M, Lee MJ. Interactions of TRIS [tris(hydroxymethyl)ami-
nomethane] and related buffers with peptide backbone: thermo-
dynamic characterization. Phys Chem Chem Phys. 2010; 12(39): 
12840-12850.

15. Gaba M, Punam G, Sarbjot S. An overview on molecular docking. 
Int J Drug Dev Res. 2010; 2(2): 219-231.

16. Kohn W, Sham LJ. Self-consistent equations including exchange 
and correlation effects. Phys Rev. 1965; 140: A1133.

17. Rajagopal AK, Callaway J. Inhomogeneous electron gas. Phys 
Rev. 1973; 1912-1919. 

18. Becke AD. Density-functional thermochemistry. III. The role of ex-
act exchange. J Chem Phys.1993; 98: 5648-5652.

19. Lee C, Yang W, Parr RG. Development of the Colle-Salvetti corre-
lation-energy formula into a functional of the electron density. Phys 
Rev B Condens Matter. 1988; 37(2): 785-789.

20. Schmidt MW, Baldridge KK, Boatz JA, Elbert ST, Gordon MS, 
www.SID.ir

https://www.ncbi.nlm.nih.gov/pubmed/29487568
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cai%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=25114523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25114523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25114523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=25114523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20W%5BAuthor%5D&cauthor=true&cauthor_uid=25114523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bielohuby%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25239917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zarkesh-Esfahani%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=25239917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manolopoulou%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25239917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wirthgen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25239917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wirthgen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25239917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walpurgis%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25239917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toghiany%20Khorasgani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25239917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Validation+of+serum+IGF-I+as+a+biomarker+to+monitor+the+bioactivity+of+exogenous+growth+hormone+agonists+and+antagonists+in+rabbits.+Dis+Model+Mech.+2014%3B7%3A1263%E2%80%931273.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Validation+of+serum+IGF-I+as+a+biomarker+to+monitor+the+bioactivity+of+exogenous+growth+hormone+agonists+and+antagonists+in+rabbits.+Dis+Model+Mech.+2014%3B7%3A1263%E2%80%931273.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smeets%20ETHC%5BAuthor%5D&cauthor=true&cauthor_uid=28778993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schutzler%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=28778993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=28778993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Azhar%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28778993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolfe%20RR%5BAuthor%5D&cauthor=true&cauthor_uid=28778993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Do+anabolic+nutritional+supplements+stimulate+human+growth+hormone+secretion+in+elderly+women+with+heart+failure%3F.+Physiol+Rep.+2017%3B+5%3Ae13366.
https://www.researchgate.net/journal/0975-8151_Journal_of_Proteins_and_Proteomics
https://www.researchgate.net/journal/0975-8151_Journal_of_Proteins_and_Proteomics
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richter%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15089091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fabris%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15089091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Binaschi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15089091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gatto%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15089091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Capranico%20G%5BAuthor%5D&cauthor=true&cauthor_uid=15089091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palumbo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15089091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palumbo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15089091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Richter+S%2C+Fabris+D%2C+Binaschi+M%2C+et+al.+Effects+of+Common+Buffer+Systems+on+Drug+Activity%2C+Chem+Res+Toxicol.+2004%3B492%E2%80%93501.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zbacnik%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=27894967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holcomb%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=27894967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Katayama%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=27894967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=27894967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Payne%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=27894967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Payne%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=27894967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coccaro%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=27894967
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=15907583
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hahn%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=15907583
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=15907583
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=15907583
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=15907583
https://www.ncbi.nlm.nih.gov/pubmed/?term=Komur%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28660091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akyuva%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=28660091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karaslan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28660091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Isyar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28660091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gumustas%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=28660091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yilmaz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=28660091
https://www.ncbi.nlm.nih.gov/pubmed/?term=Can+a+Biodegradable+Implanted+Bilayered+Drug+Delivery+System+Loaded+with+BMP-2%2FBMP-12+Take+an+Effective+Role+in+the+Biological+Repair+Process+of+Bone%E2%80%93Tendon+Injuries%3F+A+Preliminary+Report.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taha%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20820555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=20820555
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interactions+of+TRIS+%5Btris(hydroxymethyl)aminomethane%5D+and+related+buffers+with+peptide+backbone%3A+Thermodynamic+characterization.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee+C%2C+Yang+W%2C+Parr+RG.+Into+a+Functional+of+the+Electron+Density+F+F.+Phys+Rev+B.1988%3B37%3A785%E2%80%93789.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee+C%2C+Yang+W%2C+Parr+RG.+Into+a+Functional+of+the+Electron+Density+F+F.+Phys+Rev+B.1988%3B37%3A785%E2%80%93789.
http://www.SId.ir


Archive of SID

          Cell J, Vol 22, No 4, January-March (Winter) 2021 414

Interactions between hGH and Tris 

Jensen JH, et al. General atomic and molecular electronic struc-
ture system. J Comput Chem. 1993; 14(11): 1347-1363.

21. Forli S, Huey R, Pique ME, Sanner MF, Goodsell DS, Olson AJ. 
Computational protein-ligand docking and virtual drug screening 
with the AutoDock suite. Nat Protoc. 2016; 11(5): 905-919.

22. Morris GM, Goodsell DS, Halliday RS, Huey R, Hart WE, Belew 
RK, et al. Automated docking using a lamarckian genetic algorithm 
and an empirical binding free energy function. J Comput Chem. 
1998; 19(14): 1639-1662.

23. Zhang G, Kazanietz MG, Blumberg PM, Hurley JH. Crystal struc-
ture of the cys2 activator-binding domain of protein kinase C delta 
in complex with phorbol ester. Cell. 1995; 81(6): 917-924.

24. Weiner SJ, Kollman PA, Case DA, Singh UC, Ghio C, Alagona G, 
et al. A new force field for molecular mechanical simulation of nu-
cleic acids and proteins. J  Am Chem SOC. 1984; 106(3): 765-784.

25. Shafique M, Garg ML,  Nandel FS. Gly→Ala point mutation and 
conformation of Poly-Ala Stretch of PABPN1: a molecular dynam-
ics study.  Biophys Chem. 2015; 6(2). 

26. Bayol A, Bristow A, Charton E, Girard M, Jongen P. Somatropin 
and its variants: structural characterization and methods of analy-
sis. Pharmeuropa Bio. 2004; 2004(1): 35-45.

27. Varcheh N, Shafaati A, Zarghi A, Aboofezeli R. Separation of so-
matropin and its degradation products by high-performance liquid 
chromatography using a reversed-phase polymeric column. Iran J 
Pharm Res. 2004; 3(4): 209-213.

28. Rezaei M, Zarkesh-Esfahani SH. Optimization of production of re-
combinant human growth hormone in Escherichia coli. J Res Med 
Sci. 2012; 17(7): 681-685.

29. Kim NA, An IB, Lim DG, Lim JY, Lee SY, Shim WS, et al. Effects of 
pH and buffer concentration on the thermal stability of etanercept 
using DSC and DLS. Biol Pharm Bull. 2014; 37(5): 808-816.

30. Cao XM, Tian Y, Wang ZY, Liu YW, Wang CX. Effects of pro-

tein and phosphate buffer concentrations on thermal denatura-
tion of lysozyme analyzed by isoconversional method. Bioengi-
neered. 2016; 7(4): 235-240. 

31. Wilhelmsen TW, Skibeli V, Arntzen FC. Stability study of somat-
ropin by capillary zone electrophoresis. Procedia Chem. 2010; 2: 
34-45.

32. Yang Q, Liang J, Han H. Probing the interaction of magnetic iron 
oxide nanoparticles with bovine serum albumin by spectroscopic 
techniques. J Phys Chem B. 2009; 113(30): 10454-10458. 

33. Geiger  T,  Clarke S. Deamidation, Isomerization, and racemiza-
tion at asparaginyl and aspartyl residues in peptides. J Biol Chem. 
1987; 262(2): 785-794

34. Steinmann D, Ji JA, Wang YJ, Schöneich C. Oxidation of human 
growth hormone by oxygen-centered radicals: Formation of Leu-
101 hydroperoxide and Tyr-103 oxidation products. Mol Pharm. 
2012; 9(4): 803-814.

35. de Wit JN, Kessel Tv. Effects of ionic strength on the solubility of 
whey protein products. A colloid chemical approach. Food Hydro-
coll. 1996; 10(2): 143-149.

36. Arakawa T, Timasheff SN . The stabilization of proteins by os-
molytes. Biophys J. 1985; 47(3): 411-414.

37. Hare PD, Cress WA, Staden JV. Dissecting the roles of osmolyte 
accumulation during stress. Plant, Cell and Environment. 1998; 21: 
535-553.

38. Auton M, Rösgen J, Sinev M, Holthauzen LM, Bolen DW. Osmolyte 
effects on protein stability and solubility: A balancing act between 
backbone and side-chains. Biophys Chem. 2011; 159(1): 90-99.

39. Méndez ASJ, Muñoz-Iglesias V, Izquierdo-Ruíz F, Prieto-Ballester-
os O. Salting-out phenomenon induced by the clathrate hydrates 
formation at high-pressure. Journal of Physics: Conference Series. 
2017; 950: 1-4.

www.SID.ir

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanner%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=27077332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodsell%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=27077332
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olson%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=27077332
https://www.ncbi.nlm.nih.gov/pubmed/27077332
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Huey%2C+Ruth
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hart%2C+William+E
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Belew%2C+Richard+K
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crystal+structure+of+the+Cys2+activator-binding+domain+of+protein+kinase+Cd+in+complex+with+phorbol+ester.
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=U.+Chandra++Singh
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Caterina++Ghio
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Guliano++Alagona
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/articles.aspx?searchCode=Mohd+Shafique&searchField=authors&page=1
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/articles.aspx?searchCode=Mohan+Lal+Garg&searchField=authors&page=1
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/articles.aspx?searchCode=Fateh+Singh+Nandel&searchField=authors&page=1
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/paperinformation.aspx?paperid=56112
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/paperinformation.aspx?paperid=56112
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/paperinformation.aspx?paperid=56112
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/Home.aspx?JournalID=162
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayol%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15659284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bristow%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15659284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Charton%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15659284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15659284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jongen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15659284
https://www.ncbi.nlm.nih.gov/pubmed/?term=Somatropin+and+its+variants%3A+structural+characterization+and+methods+of+analysis%2C+Pharmeuropa+Bio.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=24790003
https://www.ncbi.nlm.nih.gov/pubmed/?term=An%20IB%5BAuthor%5D&cauthor=true&cauthor_uid=24790003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=24790003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24790003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=24790003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shim%20WS%5BAuthor%5D&cauthor=true&cauthor_uid=24790003
https://www.ncbi.nlm.nih.gov/pubmed/24790003
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20XM%5BAuthor%5D&cauthor=true&cauthor_uid=27459596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27459596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20ZY%5BAuthor%5D&cauthor=true&cauthor_uid=27459596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20YW%5BAuthor%5D&cauthor=true&cauthor_uid=27459596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20CX%5BAuthor%5D&cauthor=true&cauthor_uid=27459596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+protein+and+phosphate+buffer+concentrations+on+thermal+denaturation+of+lysozyme+analyzed+by+isoconversional+method.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effects+of+protein+and+phosphate+buffer+concentrations+on+thermal+denaturation+of+lysozyme+analyzed+by+isoconversional+method.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Probing+the+Interaction+of+Magnetic+Iron+Oxide+Nanoparticles+with+Bovine+Serum+Albumin+by+Spectroscopic+Techniques.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1435219/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Auton%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21683504
https://www.ncbi.nlm.nih.gov/pubmed/?term=R%C3%B6sgen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21683504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sinev%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21683504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holthauzen%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21683504
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bolen%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=21683504
https://iopscience.iop.org/journal/1742-6596
http://www.SId.ir

