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Introduction  
In present era nanotechnology has gained tremendous attention due to its broad 
range of applications in fields such as textile, electronics, cosmetics, 
transportation, energy and information technology, environment and space 
research [1], food industry and agriculture [2] and biomedicine [3].In biomedical 
science, nanotechnology gave significant breakthroughs in the area of 
biotechnology [4], drug delivery [5], gene delivery [6] imaging[7], biosensors [8] 
proteomics and genomics [9], cancer therapy [10]and in tissue engineering [11]. 
Stem cell based therapies are used to treat chronic and debilitating diseases in 
humans as well as animals and nanostructured scaffolds, tube, rods etc. have 
shown immense potential towards stimulation of stem cell growth and 
differentiation both In vitro and in vivo studies [12]. Stem cells are capable to 
differentiate in numerous cell types and adult stem cells reside in nearly all 
organs. Wharton’s jelly (WJ) is extraembryonic tissue and rich source of stem 
cells. WJ derived mesenchymal stem cells (WJ-MSCs) were used in clinical 
application to control type I diabetes [13], cardiac diseases [14], neurological 
diseases [15], liver diseases [16], bone and cartilage regeneration [17]. Stem cell 
nanotechnology is emerging field and nanomaterials are being explored for 
multiple applications in stem cell research such as tissue engineering [18], stem 
cell culture and differentiation [12], delivery of stem cells [19], tracking of stem 
cells [20] and intracellular delivery of DNA and RNA [21]. These potential areas of 
application have attracted researchers to evaluate the potency and  

 
 
biocompatibility of nanomaterials in stem cells. Carbon based nanomaterial 
(CBNs) based scaffolds like sheets and films are well reported for improving stem 
cell growth, maturation and differentiation [22 and 23]. Among other, graphene 
(mother of CBNs) is an atom thick carbon monolayer 2 dimensional honeycomb 
structure, synthesized in pure form and studied in stem cell research [24]. Several 
chemical derivatives of graphene for e.g., graphene oxide (GO), reduced 
graphene oxide (rGO), graphene quantum dots (GQDs) were explored in due 
course of time and their potential in biomedicine were examined [25].  More 
recently, heteroatoms doped graphene derivatives have been reported to exploit 
their unique properties in doped state [26]. However, potential biological 
applications of these doped graphene derivatives have not been studied 
thoroughly specially in stem cell research. Investigation of biocompatibility of these 
doped graphene derivatives becomes more important before their study in tissue 
engineering. In our previous studies we have shown a dose dependent cytotoxic 
effect of GQDs, a chemical derivative of graphene [27] and graphene oxide iron 
oxide nanocomposite (GO-Fe2O3 NC) in caprine WJ-MSCs [28]. In addition, 
graphene based nanomaterials (GBNs) have shown their cytotoxic effect against 
MC3T3-E1 cells [29], rat pheochromocytoma cells [30], MSCs [31], lung epithelial 
cells [32]. Cytotoxicity of undoped graphene and its nanocomposites like HA-rGO 
powder [29, 33, 34 and 35] and HA-graphene (HA-GN) sheets [36] were studied in 
a dose and exposure time dependent manner.  
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Abstract: Present study was designed to analyze in vitro cytotoxicity of different concentrations of Nitrogen dope Graphene Oxide Hydroxyapatite nanocomposites (N2-GO-HA 
NC) in caprine WJ-MSCs and blood cells. Caprine WJ-MSCs were isolated cultured, characterized and propagated for evaluating nanotoxicity by studying cell morphology, cell 
viability, growth kinetic, PDT, MTT, hemolysis and CBC assays. Caprine WJ-MSCs after 24 hrs, 48 hrs and 72 hrs exposure with 100 and 50 µg/ml of N2-GO-HA NC showed 
significant decrease in viable cell number and alterations in cell morphology whereas with 25 and 10 µg/ml of N2-GO-HA NC no significant alteration in cell morphology but 
significant (P<0.01) increased in cell viability was observed. Similar trend was observed in cell growth kinetics study where significant (P<0.05) decrease in cell growth with 
increased PDT is estimated in 100 and 50 µg/ml however exposure to 25 and 10 µg/ml doses resulted in significant (P<0.05) increase in growth of caprine WJ-MSCs as 
compared to control group. MTT assay in caprine WJ-MSCs exposed to 100 and 50 µg/ml of N2-GO-HA NC also revealed significant (P<0.01) decrease in cell number as 
compared to 25, 10 and 0 µg/ml doses. Hemolysis assay pointed out significant (P<0.01) hemolysis in caprine RBCs exposed to 100 µg/ml dose as compared with 50, 25, 10 and 
0 µg/ml doses of N2-GO-HA NC. However, RBCs, WBCs and platelets count were altered non-significantly in 100, 50, 25 and 10µg/ml doses of N2-GO-HA NC as compared to 
control. The report concludes that higher doses (100 and 50 µg/ml) of N2-GO-HA induce significant toxicity to Caprine WJ-MSCs as well as blood cells (100 µg/ml), however at 
lower doses (25 and 10 µg/ml) slight growth enhancing effects were observed. 
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But, biocompatibility of doped of graphene with organic or inorganic material is not 
investigated yet. To overcome nanomaterial cytotoxicity issue and expand the 
horizons of biocompatible carbon nanomaterials for stem cell research, we 
hypothesis that, nitrogen doped graphene-hydroxyapatite nanocomposite (N2-GO-
HA NC) may reduce toxic effect of graphene and induce cell growth. Therefore, 
present study was designed to evaluate In vitro dose dependent cytotoxicity of N2-
GO-HA NC in caprine WJ-MSCs and blood cells. 
 
Materials and methods 
All chemicals, reagents and plastic wares procured from Hi-Media (India) and N2-
GO-HA NC nanomaterial was provided by Department of Physics, Banaras Hindu 
University, Banaras, Uttar Pradesh (India). Present study was conducted in Stem 
Cell Laboratory, Department of Veterinary Physiology and Biochemistry, College 
of Veterinary Science and Animal Husbandry, Anjora, Durg, Chhattisgarh. 
 
Experimental design 
In vitro cytotoxicity of nitrogen doped graphene oxide hydroxyapatite 
nanocomposite (N2-GO-HA NC) was studied at different concentrations in caprine 
WJ-MSCs and blood cells. N2-GO-HANC in Dulbecco’s Modified Eagles Media 
(DMEM) was used at 100 µg/ml, 50 µg/ml, 25 µg/ml, 10 µg/ml and DMEM without 
N2-GO-HA NC was used as control. 
 
Isolation, culture and characterization of WJ-MSCs and collection of blood 
samples 
Caprine gravid uteri (~ 45 days, n=4) were collected from local abattoir and 
transported within 2 hrs to laboratory. Umbilical cord was incised and processed 
for isolation of WJ-MSCs as per the procedure described by [37] with minor 
alterations. Isolated umbilical cord was processed by washing thrice with 
Phosphate Buffer Saline (PBS). WJ mesenchymal connective tissues were 
separated from blood vessels in petridish. WJ was washed in PBS thrice and 
followed by washing in Dulbecco’s Modified Eagles Media (DMEM). WJ explants 
were seeded in tissue culture flask (12.5cm2) with DMEM supplemented with Fetal 
Bovine Serum (15%), antimycotic and antibiotic solution and incubated at 37°C 
with 5% CO2. Every third day media was replaced and culture was observed and 
on day 6th explants were removed. On day 14, confluent monolayer was observed 
and cells were processed for passage. Third passage Caprine WJ-MSCs were 
used to analyze In vitro cytotoxicity of N2-GO-HA NC. Fresh 5.0 ml blood samples 
were collected in ethylene diamine tetraaceteic acid (EDTA) coated tubes by 
jugular vein puncture from three female goats and used to study cytotoxicity.  
 
Characterization of Caprine WJ-MSCs 
Third passage caprine WJ-MSCs on fifth day were characterized by Alkaline 
Phosphatase (ALP) staining using ALP detection kit as per the manufacturer 
instructions. Briefly, Caprine WJ-MSCs rinsed with Dulbecco’s Phosphate Buffer 
Saline (DPBS) and fixed in 4% paraformaldehyde for 2 minute and washed twice 
with DPBS. Fixed Caprine WJ-MSCs were incubated with ALP stain solution (Fast 
Red Violet: Napthol AS-BI phosphate solution: Water in ratio 2:1:1) for 15 minutes 
at room temperature and cells were washed with DPBS and images were 
recorded.  
 
In vitro cytotoxicity assays 
Cell morphology  
Caprine WJ-MCSs of third passage were treated with N2-GO-HA NC in different 
doses and after 24, 48 and 72 hrs of exposure morphological changes were 
assessed by using inverted microscope (Nikon Diaphot 300) and compared with 
control.  
 
Cell viability 
Cell viability was assessed by using trypan blue dye exclusion technique as 
reported by [38] with some modifications. Caprine WJ-MSCs were seeded at 
density of 5 x 104 cells/ml and incubated with different doses of N2-GO-HA NC and 
cell viability was assessed 24, 48 and 72 hrs post-exposure. 

Cell growth kinetic 
Growth characteristics Caprine WJ-MSCs were analyzed as per the methods 
described by [27]. Briefly, caprine WJ-MSCs were seeded at density 1x 104 cells 
/well in 24 cell culture plates and media containing respective doses of N2-GO-HA 
NC were changed at every fourth day. Cells were harvested every after 48 hrs 
intervals up to day 14 and cells were counted using hemocytometer (Neubar’s 
chamber) and growth curves were plotted and compared with control group.  
 
Population doubling time (PDT) 
Caprine WJ-MSCs were incubated with N2-GO-HA NC in 24 well cell culture 
plates at density 1x104 cells / well for 3 days. At every 24 hrs interval cells from 
each cell culture plate were harvested and cells were counted using a 
hemocytometer (Neubar’s chamber). The population doubling time (PDT) was 
calculated using equation described by [28], 
                                 

PDT= Culture time (CT)/Cell doubling (CD) 
where, CD=log (NH/NI)/ log 2, NH is harvested cell number and NI is initial cell 
number 
 
MTT assay  
Colorimetric assay was performed to evaluate cytotoxicity in caprine WJ-MSCs 
treated with different concentrations of N2-GO-HA NC using MTT (Tetrazolium dye 
3-[4, 5- dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide) Assay Cell Kit as 
per the instructions of manufacturer. Briefly, 100 µl freshly harvested caprine WJ-
MSCs were incubated with different doses of N2-GO-HA NC in wells of 96 well cell 
culture plate for 24 hrs and cells were incubated with MTT reagent for 4 hrs. Media 
was aspirated and 100 μl solubilization solution was added and gentle stirring was 
done to dissolve MTT formazan crystals completely and absorbance was recorded 
on ELISA plate reader at 620 nm. 
 
Hemolysis assay  
Hemolysis assay was done as per the method described by [39] with some 
modifications. Briefly, 5.0 ml freshly collected caprine blood was centrifuged at 
3000 rpm for 10 minutes at 4°C and plasma along with white buffy coat aspirated 
and erythrocytes were washed 3 times with DPBS. 100 μl 10 th dilution erythrocytes 
were incubated with different doses of N2-GO-HA NC for 4 hrs in microcentrifuge 
tubes at 37°C along with negative and positive controls. All tubes were centrifuged 
at 500 rpm for 5 minute and 100μl hemoglobin in supernatant was transferred in 
flat bottom 96 wells tissue culture plate and absorbance was read thrice at 492 nm 
in ELISA plate reader and % hemolysis was determined by using following 
formula: 
 

𝐻𝑒𝑚𝑜𝑙𝑦𝑠𝑖𝑠 % =   
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 –  𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

 
Complete blood count (CBC) test  
CBC test was conducted using Hematology Analyzer (Urit 2900-Vet Plus). 100μl 
DMEM containing different doses of N2-GO-HA NC was added in 1.0 ml caprine 
blood in triplicate samples and incubated for 4 hrs at 370C in incubator. CBC test 
was performed to determine RBCs, WBCs and platelets count. 
 
Statistical analysis 
Experimental data reported here is expressed as mean ± standard error (SE) 
values and one-way analysis of variance (ANOVA) was applied using IBM SPSS 
Statistics 25 and values of P<0.01 and P < 0.05 are considered to be statistically 
significant.  
 
Results 
Isolation, culture and characterization of Caprine WJ-MSCs  
Caprine WJ-MSCs were observed at the periphery of WJ explants and have 
varying morphology from spindle or fusiform shape. Typically fibroblast like cells 
grew and formed colonies and their number outgrow to form confluent monolayer 
by 14 day [Fig-1]. 
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Table-1 Effect of exposure of different concentrations of N2-GO-HA NC on cell viability (%) (n=3 and Mean± S.E.) 
Post exposure 
period (hrs) 

Cell viability % in different doses (µg/ml) 

100 50 25 10 0 

24 71.97±0.69a 75.57±0.37b 91.03±0.26e 87.88±0.45d 84.76±0.37c 

48 71.66±0.70a 74.28±0.06b 89.45±0.23e 87.29±0.15d 83.71±0.72c  

72 71.20±0.41a 72.69±0.23b 87.52±0.30d 86.35±0.15d 80.89±0.31c 

Mean values bearing superscript in row differed significantly from each other (P<0.01) 
 

Table-2 Effect of different doses of N2-GO-HA NC on PDT and MTT Assay of Caprine WJ-MSCs and Hemolysis (n=3 and Mean± S.E.). 
Sr. 
No. 

Parameters Doses of N2-GO-HA (µg/ml) 

100 50 25 10 0 

1 PDT (hrs) 51.04±1.71b* 46.73±1.30b* 39.97±1.32a* 40.67±0.84a* 41.70±1.87a* 

2 MTT assay 
(absorbance) 

0.0429 0.0512 0.0679 0.0678 0.0677 

±0.0001a ±0.009b ±0.009c ±0.0005c ±0.0006c 

3 Hemolysis (%) 4.57±1.06b 2.98±0.40ab 2.23±0.27a 2.18±0.25a 1.31±0.14a 

Mean values bearing superscript in rows differed significantly from each other. (P<0.01) and *(P<0.05)  
 

Table-3 Effect of different doses of N2-GO-HA on blood cells (n=3 and Mean± S.E.). 
Blood cells Doses of N2-GO-HA NC (µg/ml) 

100 50 25 10 0 

RBCs (106/µl) 4.61±0.40 4.85±0.45 5.18±0.35 5.10±0.35 5.48±0.30 

WBCs (103/µl) 10.20±0.23 10.17±0.20 10.47±0.15 10.80±0.20 11.40±0.30 

Platelets 103/µl 161.00±17.56 165.67±24.03 167.33±23.18 163.33±4.37 196.67±22.39 

 

 Fig-1 Caprine WJ-MSCs (A: Day 3, B: Day 7, C: Day 10 and D: Day 14) 
Caprine WJ-MSCs were characterized by detecting Alkaline Phosphatase activity 
after 15 minute post staining [Fig-2]. 

 
Fig-2. ALP staining of caprine WJ-MSCs 

 
2. In vitro cytotoxicity assays 
i. Cell morphology assay  
Significant morphological alterations and detached round cells were observed in 
caprine WJ-MSCs treated with 100 and 50 µg/ml doses while no significant 
morphological changes were seen in doses 25 and 10 µg/ml and cells were 
normal like control on 24 and 48 hrs exposure. However, on 72 hrs exposure25 
and 10 µg/ml dose treated caprine WJ-MSCs showed slightly better growth as 
compared to control group but in doses 100 and 50 µg/ml more number cells were 
floating and detached [Fig-3].  

24 hrs incubation 

48 hrs incubation 

 
72 hrs incubation 

Fig-3. Morphology of cWJ-MSCs exposed to N2-GO-HA NC for 24, 48 and 72 hrs  
[A-100µg/ml, B- 50µg/ml, C-25µg/ml, D- 10µg/ml, E-0µg/ml (control)] 
 
ii. Cell viability 
Caprine WJ-MSCs viability increased significantly (P<0.01) in doses 25 and 10 
µg/ml while significant (P<0.01) decrease was observed in doses 100 and 50 
µg/ml as compared to control (0 µg/ml) after 24, 48 and 72 hrs exposure. 
However, highest cell viability was recorded in dose 25 µg/ml and lowest in dose 
100 µg/ml throughout exposure duration which has no significant effect on cell 
viability [Table-1]. 
 
iii. Cell growth kinetic 
In control group, caprine WJ-MSCs were followed normal growth pattern 
consisting with short lag phase followed by log phase of rapid growth and 
stationary phase with declined growth rate. N2-GO-HA NC in doses 25 and 10 
µg/ml significantly (P<0.05) increased growth rate while 100 and 50 µg/ml doses 
significantly (P<0.01) reduced growth rate and changed shape of growth curve as 
compared to control group [Fig-4].  
 

 
Fig-4 Growth curves of caprine WJ-MSCs exposed to different doses of N2-GO-
HA NC 
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iv. Population doubling time (PDT) 
Caprine WJ-MSCs were doubled in 41.70±1.87 hrs (control i.e., 0 µg/ml) and 
doubling time was decreased non-significantly in 25 and 10 µg/ml doses as 
compared to control. However, in doses 100 and 50 µg/ml significant (P<0.05) 
increase in PDT as 51.04±1.71and 46.73±1.30hrs respectively recorded and 
highest PDT recorded in dose 100 µg/ml [Table-2].  
 
v. MTT assay 
The MTT assay absorbance values on exposure to 25 and 10 µg/ml doses did not 
significantly vary however 100 and 50 µg/ml doses showed significant (P<0.01) 
decrease in mean absorbance values in comparison to control with lowest values 
in dose 100 µg/ml [Table-2]. 
 
vi. Hemolysis assay 
No significant difference in % hemolysis was reported in doses 50, 25, 10 and 
0µg/ml but highest % hemolysis was recorded in dose 100 µg/ml. Significantly 
(P<0.01) higher hemolysis was observed in doses 100 µg/ml [Table 2] after 4 hrs 
incubation as compared to control. 
 
 
vii. Blood cell responses 
Mean RBCs, WBCs and platelets count showed no significant changes in all 
doses as compared to control. Mean RBCs, WBCs and platelets counts in control 
were recorded as 5.48±0.30x106/µl, 11.40±0.30x103/µl and 196.67±22.39x103 
/µl blood respectively. However, slight numerical decreased in RBCs, WBCs and 
platelets count was observed in doses 100,50, 25 and10 µg/ml as compared to 
and control [Table-3]. 
 
Discussion 
The present study showed that MSCs isolated from caprine Wharton’s jelly 
exhibits typical fibroblast like structure as reported earlier [40 and 27]. Their 
morphological features are similar to MSCs isolated from bone marrow [41], cord 
blood, amniotic sac, WJ and amniotic fluid [42] in caprine. Caprine WJ-MSCs were 
positive for ALP staining as per previously reported findings in caprine by [37 and 
27]. In vitro cytotoxicity analysis of N2-GO-HA NC in caprine WJ-MSCs 
demonstrated as 100 and 50 µg/ml doses affects morphology of cells 
considerably as cells were detached from surfaces while 25 and 10 µg/ml doses 
appear biocompatible as there is minimum influence on cell morphology as 
compared to control group on 24, 48 and 72 hrs exposure. These results coincide 
with the previous reports in human Adipose Derived-MSCs cultured on 0.5 wt.% 
GO in GO-GHA (Graphene oxide gelatin hydroxyapatite scaffolds) [43], caprine 
WJ-MSCs exposed with GO-Fe2O3 NC [28] and GQDs [27], MC3T3-E1 cells 
exposed to rGO-nanosheets (rGO NSs) and rGO-HA NC [44] where lower doses 
not induced cytotoxicity. Human osteoblast cells showed polygonal morphology 
after 24 hrs exposure to 1.5 wt. % rGO in HA-rGO NC [35]. Multiwalled carbon 
nanotubes (MWCNTs) (80 µg/ml) [45], carbon nanotubes (CNTs), graphene and 
carbon black also induced cytotoxicity in dose dependent manner (120, 60, 30 and 
15 µg/ml) in murine macrophage (RAW-264.7) cells [46]. Nanocrystalline glass 
like carbon powder induced cytotoxicity (50 µg/ml) in SN4741 cells on 24 hrs, 3 
and 7 days [33]. N2-GO-HA NC in 25 and 10 µg/ml doses significantly (P<0.01) 
increased caprine WJ-MSCs viability but in 100 and 50 µg/ml doses significantly 
(P<0.01) reduced viable cell number as compared to control group on 24, 48 and 
72 hrs exposure. N2-GO-HA NC in 25 and 10 µg/ml doses acts as stimulant as 
there is increased proliferation of caprine WJ-MSCs and exposure period did not 
affect significantly caprine WJ-MSCs in all doses including control group. Similar 
findings reported in RAW-264.7 cells as proliferation rate and viability was 
decreased on exposure to MWCNTs at 80 µg/ml dose [45], CNTs and graphene 
are also cytotoxic in RAW-264.7 cells in dose dependent manner [46], GO-HA and 
graphene-HA (G-HA) hybrid materials films increased viability of MC3T3-E1 cells 
[29], increased proliferation rate of human osteoblast cells cultured with HA-rGO 
composite powder and highest in 1.0 wt. % rGO in HA-rGO from 3 to 5 days [34]. 
GO promoted L929 and MG63 cell proliferation rate but dose of GO in Titanium 

(Ti)-HA composites determined In vitro cytotoxicity [47]. rGO-HA NC also did not 
alterMC3T3-E1 cell viability at dose 31.3 µg/ml [44]. Growth pattern and PDT of 
caprine WJ-MSCs are similar with the earlier findings in caprines [27, 28 and 42] 
and bovine [48]. N2-GO-HA NC in 100 and 50 µg/ml doses significantly (P<0.05) 
affected on growth rate and PDT while 25 and 10 µg/ml doses increased growth 
rate and decreased PDT as compared to control. This clearly indicates that as 
dose of N2-GO-HA NC significantly affect the growth rate and this is in accordance 
with the earlier studies in caprine WJ-MSCs exposed to GQD [27] and GO-Fe2O3 
NC [28], 3D graphene hydrogel in MG63 cells [49] and human osteoblast cells 
cultured on sintered graphite [50]. Lower absorbance values of MTT assay as 
compared to control indicates that decrease in cell proliferation and cytotoxic 
effect of N2-GO-HA NC in caprine WJ-MSCs. 25 and 10 µg/ml doses of N2-GO-
HA NC are not cytotoxic but high doses that is 100 and 50 µg/ml are significantly 
(P<0.01) cytotoxic which reduces cellular metabolism in caprine WJ-MSCs. The 
similar results were reported previously in caprine WJ-MSCs incubated with GQD 
[27], and RAW 264.7 cells under exposure of graphene and CNTs [46], GO hybrid 
nanoconstruct in HeLa and PC-3 cells [51], fabricated GO with silica in HeLa cells 
[52], human osteoblast cells exposed with HA-rGO NC [35] and HA-GN composite 
powder deposited on Ti substrates [36]. Increased proliferation of human dental 
follicle stem cells (hDFSCs) cultured with nitrogen doped graphene nanomaterial 
[53]. Caprine RBCs hemolyzed significantly (P<0.01) in 100 µg/ml doses whereas 
only slight hemolysis was recorded in 50, 25,10 µg/ml as compared to control 
group under exposure of N2-GO-HA NC. RBCs, WBCs and platelets count only 
numerically decreased in all doses of N2-GO-HA NC as compared to control group 
and similar results were reported in human erythrocytes incubated with Ag 
nanoparticles [54 and 55], SiO2 nanoparticles [56] in higher doses. However, TiO2 
nanoparticles significantly (P<0.05) reduced all blood cells count in human 
peripheral blood and RBCs non significantly hemolyzed at certain doses of TiO2 
nanoparticles but osmatic fragility of RBCs did not alter even at 500 µg/ml dose 
[57] and acid oxidized SWCNTs did not damaged RBCs at 20 nmol/L [58].  
 
Conclusion 
Present study concludes that caprine WJ-MSCs exposed to lower doses (25 and 
10 µg/ml) of N2-GO-HA NC stimulate their growth and these doses are 
biocompatible however higher doses (100 and 50 µg/ml) have significant cytotoxic 
effects. Doping of nanomaterials with nitrogen and hydroxyapatite led to reduction 
in toxicity and increased biocompatibility of graphene oxide.   
 
Application of research 
The report generates the baseline data of In vitro cytotoxicity of N2-GO-HA NC in 
caprine WJ-MSCs which can be useful in stem cell research and in the field of 
tissue engineering in future.  
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