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Previously, we reported a [ 99m Tc( ǀ)] + labeled d -glucoamine derivative ( 99m Tc-CN5DG) and evaluated it as a tumor 

imaging agent in mice bearing A549 tumor xenografts. In this paper, 99m Tc-CN5DG was further studied in U87 

MG (human glioma cells), HCT-116 (human colon cancer cells), PANC-1 (human pancreatic cancer cells) and 

TE-1 (human esophageal cancer cells) tumor xenografts models to verify its potential application for imaging of 

different kinds of tumors. The biodistribution data showed that 99m Tc-CN5DG had a similar biodistribution pattern 

in four tumor models at 2 h post-injection with high accumulation in tumors and kidneys. The tumor/muscle 

ratios (from 4.08 ± 0.42 to 9.63 ± 3.53) and tumor/blood ratios (from 17.18 ± 7.40 to 53.17 ± 16.16) of 99m Tc- 

CN5DG in four tumor models were high. All four kinds of tumors could be clearly seen on their corresponding 

SPECT/CT images. Pharmacokinetic study in healthy CD-1 mice demonstrated that 99m Tc-CN5DG cleared fast 

from blood (2 min, 12.97 ± 0.88%ID/g; 60 min, 0.33 ± 0.06%ID/g) and the blood distribution, elimination half- 

life was 5.81 min and 21.16 min, respectively. No abnormality was observed through the abnormal toxicity study. 

All of the above results demonstrated that 99m Tc-CN5DG could be a broad-spectrum SPECT probe for tumor 

imaging and its further clinical application is warranted. 
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Nuclear medicine molecular imaging plays an increasingly important

ole in disease diagnosis and treatment over the past few decades [ 1 , 2 ].

ositron Emission Tomography (PET) and Single Photon Emission To-

ography (SPECT) are the two main imaging modalities that are used

nnually in the whole world. As we know, tumor cells need to consume

ore glucose to meet their enhanced metabolic rate. 2-[ 18 F]fluoro-2-

eoxy- D -glucose ([ 18 F]FDG) is the most used PET radiopharmaceutical

or various cancer diagnosis (such as lung cancer, breast cancer, lym-

homa, esophageal cancer, pancreatic cancer) and staging due to its

imilar chemical structure to glucose [3-7] . However, in most develop-

ng countries, the use of [ 18 F]FDG has limitation due to the need of a

yclotron for producing 18 F isotope and high cost. In addition, another

rawback of [ 18 F]FDG is the fact that also non-FDG-avid tumors exist. 
99m Tc is the most used nuclide for SPECT because of its inexpen-

ive cost and availability from the 99 Mo/ 99m Tc generator. Besides, the

verall number of SPECT scanners is far more than PET scanners in

he whole world. Therefore, the development of 99m Tc labeled glucose

erivatives as broad-spectrum SPECT probes for tumor imaging is nec-

ssary but remains challenging. Although 99m Tc labeled glucose deriva-

ives for tumor imaging has been studied for about three decades, no one

as been approved for routine use for tumor diagnosis in clinic [8-16] .
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ver the past ten years, we have been working on this field in order to

evelop a 99m Tc labeled glucose derivative with high tumor uptake and

ow background uptake [17-23] . Fortunately, a d -glucoamine derivative

ith an isonitrile group (CN5DG) was synthesized and radiolabeled with
9m Tc( ǀ) to produce 99m Tc-CN5DG ( Fig. 1 ). Preliminary studies in A549

umor xenografts demonstrated that 99m Tc-CN5DG would be a powerful

ool as a SPECT probe for tumor detection [24] . In order to verify the ef-

ectiveness of 99m Tc-CN5DG for detecting other kinds of tumor models,

e conducted the evaluation of 99m Tc-CN5DG on four different human

ell lines (U87 MG, human glioma cells; HCT-116, human colon cancer

ells; PANC-1, human pancreatic cancer cells; TE-1, human esophageal

ancer cells) to explore its feasibility as a broad-spectrum SPECT probe

or tumor imaging. Moreover, its stability in vivo and pharmacokinetic

roperties are also studied. 

aterials and methods 

aterials and equipments 

CN5DG kit which contains 0.5 mg CN5DG, 2.6 mg sodium citrate,

 mg l -cysteine, 100 μg SnCl 2 •2H 2 O and 20 mg mannitol was obtained

rom Beijing Shihong Pharmaceutical Center, Beijing, China. Radio-

hemical purity was analyzed by a HPLC system equipped with a Waters
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Fig. 1. Preparation of 99m Tc-CN5DG and the chemical structure of CN5DG and 99m Tc-CN5DG. 
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489 UV and a Gabi raytest radioactivity detector using an analytical

olumn (18C, Kromasil, 100–5 𝜇m, 250 ×4.6 mm). The HPLC gradient

lution method was: (A, purified water; B, acetonitrile). 0–2 min, 10%

; 2–17 min, 10% − 90% B; 17–20 min, 90% B; 20–25 min, 90% − 10% B;

5–30 min, 10%B. 99m TcO 4 
− was eluted from a 99 Mo/ 99m Tc generator

Atomic High Technology Co., Ltd, Beijing, China). Radioactivity was

ecorded by a Gamma Counter (WIZARD 

2®2480 Perkin-Elmer system).

PECT/CT images were acquired on a small animal SPECT/CT scanner

Triumph SPECT/CT, console-gr157, USA). 

nimals and tumor models 

Balb/c nude mice (14–16 g) and CD-1 mice were purchased from Bei-

ing Vital River Laboratory Animal Technology Co., Ltd (Beijing, China)

nd animal studies were conducted in compliance with the Regulations

n Laboratory Animals of Beijing Municipality and the guidelines of the

thics Committee of Beijing Normal University. HCT116, PANC-1 and

E-1 cells were purchased from Cell Bank of Chinese Academy of Sci-

nces (Shanghai, China). U87 MG cells were obtained from Key Labora-

ory of Radiopharmaceuticals of Ministry of Education, Beijing Normal

niversity. U87 MG, HCT116, PANC-1 and TE-1 cells were cultured in

EM, IMDM, DMEM and RPMI 1640 (ATCC modified) medium con-

aining 10% FBS and 1% penicillin-streptomycin, respectively. Tumor

enografts bearing mice models were developed by injecting tumor cells

3 ∼5 ×10 6 cells) into the right forelimb of balb/c nude mice subcuta-

eously. Biodistribution and SPECT/CT imaging studies were carried

ut when the tumors reached 0.3–0.6 cm in diameter after 7–14 days

ost-inoculation. 

iodistribution studies 

99m Tc-CN5DG was successfully prepared using a CN5DG kit accord-

ng to previous published literature [24] . 99m Tc-CN5DG (0.1 mL, 74

Bq) was injected into nude mice bearing different tumor xenografts

U87 MG, HCT116, PANC-1, TE-1, n = 3) via the tail vein. The animals

ere sacrificed at 2 h post-injection. The interested tissues or organs

such as heart, liver, tumor, lung, kidney) were removed, weighted and

heir radioactivity were recorded by a gamma counter. The uptake val-

es were calculated as the percentage of the injected dose per gram
%ID/g). The uptake results were presented as average ± SD (standard

erivation) of 3 animals. 

PECT/CT imaging studies 

55.5–74 MBq of 99m Tc-CN5DG was injected into mice ( n = 3 for each

umor model) and the mice were scanned at 2 h post-injection using a

mall animal SPECT/CT scanner (3 D whole-body scan, MMP 919 colli-

ator). SPECT/CT images were reconstructed by HiSPECT software and

nalyzed by a Vivoquant 2.5 software. 

Dynamic uptake SPECT studies of 99m Tc-CN5DG was performed on

ude mice bearing U87 MG tumor xenografts. 18.5 MBq of 99m Tc-

N5DG was injected into the mice and the SPECT data were acquired

ontinuously from 5 to 60 min after injection (half-body scan, MMP 930

ollimator). The dynamic SPECT images were generated from every 5

in’s SPECT data. The Regions of Interest (ROIs) from tumor tissues and

he ROIs from muscle were drawn on SPECT images. 

etabolic studies in vivo 

99m Tc-CN5DG (0.1–0.2 mL, 2 mCi) was injected into A549 tumor

earing nude mice ( n = 3) via the tail vein. The mice were sacrificed at

0 min post-injection, then blood and tumor were collected. The blood

as centrifuged at 10,000 rpm for 5 min. 300 𝜇L of the supernatant was

ixed with 600 𝜇L of acetonitrile. The precipitated protein was removed

y centrifugation and the supernatant was collected, concentrated and

hen analyzed by HPLC. For metabolic stability in tumor, the separated

umors were homogenized by a tissue-tearor (DREMEL, Model 3000)

nd the tumor homogenate was passed through a 0.22 𝜇m membrane.

o the filtrate, 600 𝜇L of acetonitrile was added and the precipitated

rotein was removed by centrifugation, then the supernatant was col-

ected, concentrated and analyzed by HPLC. 

harmacokinetic characteristics 

36 normal female CD-1 mice (18–22 g) were divided into 6 groups (6

ice for one group, 3 female mice and 3 male mice). 370 kBq of 99m Tc-

N5DG was injected into the mice via the tail vein. The mice were killed

t 2 min, 10 min, 30 min, 60 min, 120 min and 240 min post-injection
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Fig. 2. (A) Biodistribution data of 99m Tc- 

CN5DG in nude mice bearing U87 MG, 

HCT-116, PANC-1 and TE-1 tumors at 

2 h post-injection. (B) Comparison of the 

tumor/muscle and tumor/blood ratios in 

four tumor models. 
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25] . The blood samples were collected, weighted and the radioactivity

ere recorded by a gamma counter. The blood uptake value was pre-

ented as%ID/g ± SD of 6 animals. The blood uptake-time curves were

enerated and analyzed by DAS 3.2.8 software. 

bnormal toxicity studies 

For novel radiopharmaceuticals, the abnormal toxicity was within

onsideration. Thus, we carried out the toxicity of the solution of 99m Tc-

N5DG according to the regulation of pharmacopoeia of People’s Re-

ublic of China (2015 Edition). The total volume of the reaction mix-

ure was adjusted to 5 mL. Then, 0.5 mL of this solution were injected to

ealthy CD-1 mice ( n = 5, 18–20 g) via the tail vein. The toxicity of the

olution was determined by observing the death and survival of mice in

he next 48 h. 

tatistical analysis 

The biodistribution data were calculated and analyzed with Mi-

rosoft Excel 2016 and Prism 5.01. All data were presented as aver-

ge ± SD. To compare differences between two data, the one tail-paired

tudent t -test was used. P < 0.05 indicated a statistically significant dif-

erence. 

esults 

iodistribution studies 

The biodistribution patterns ( Fig. 2 ) were similar in all four kinds of

umor models with high accumulation in kidneys and tumors. Among

he four tumor models, the uptake of 99m Tc-CN5DG in HCT-116,

ANC-1 and TE-1 tumors (from 0.95 ± 0.09%ID/g to 1.24 ± 0.28%ID/g)

ere higher than that in U87 MG tumors (0.42 ± 0.07%ID/g). The

umor/muscle ratios in U87 MG, HCT-116, PANC-1 and TE-1 were

.02 ± 0.42, 4.53 ± 0.54, 9.63 ± 3.53 and 9.35 ± 3.38, respectively. The

umor/blood ratios in PANC-1 (41.41 ± 8.75) and TE-1 (53.17 ± 16.16)

umor models were significantly higher than that in U87 MG

17.18 ± 7.40) and HCT-116 (30.59 ± 9.62) tumor models. The high tu-

or/blood ratios in all four tumor models indicated that 99m Tc-CN5DG

as low blood uptake. Taken together, these results demonstrated that
9m Tc-CN5DG had a significant uptake in a variety of tumors and would

e more suitable for the detection of PANC-1 and TE-1 tumors. 

PECT/CT studies 

SPECT/CT three-dimensional whole body images were acquired at

 h after the injection of 99m Tc-CN5DG (74 MBq) via the tail vein ( n = 3).

rom the SPECT/CT images ( Fig. 3 ), tumors could be clearly seen in
ll four tumor models. The ROI ratios of the tumor sites versus cor-

esponding non-tumor sites for U87 MG, HCT-116, PANC-1 and TE-

 were 3.09 ± 0.19, 4.73 ± 0.15, 5.51 ± 0.79 and 6.01 ± 1.37, respec-

ively. Moreover, kidney and bladder could also clearly seen from the

PECT/CT images, suggesting its clearance way was through the uri-

ary system. These results were in consistence with the biodistribution

ata and verified that 99m Tc-CN5DG holds potential for the diagnosis of

lioma, colon cancer, pancreatic cancer and esophageal cancer. 

Dynamic SPECT images (5–60 min) in nude mice bearing U87 MG

umor xenografts were shown in Fig. 4 . From the SPECT images ( Fig.

 A ), U87 MG tumors could be clearly seen from 5 min to 60 min post-

njection. The tumor uptake value reached the highest before 30 min

fter injection and cleared slowly afterwards. The tumor/muscle ratios

ROI ratios) drawn from the SPECT images were shown in Fig. 4 B . The

alues increased from 1.79 (5–10 min) to 2.89 (55–60 min) and reached

 plateau at about 50 min post-injection. 

etabolic studies in vivo 

To investigate the metabolic stability of 99m Tc-CN5DG in blood and

umor in vivo , A549 tumor xenografts bearing nude mice were used. As

hown in Fig. 5 a , the retention time of co-injection (control and tumor)

as 13.19 min, indicating that 99m Tc-CN5DG kept intact in tumor. As

hown in Fig. 5 b, the retention time (13.57 min) of 99m Tc-CN5DG in

lood at 30 min after intravenous injection was consistent with the con-

rol (13.85 min), suggesting its stability in blood in vivo . Combined with

ur previous studies, we concluded that 99m Tc-CN5DG was transported

nto tumor cells through glucose transporters and was not further me-

abolized in tumors [24] . 

harmacokinetic characteristics 

The pharmacokinetic parameters were calculated by the statistical

oment method of the two-compartment model using DAS 3.2.8 soft-

are. Time-activity curve of blood of 99m Tc-CN5DG in healthy CD-

 mice was shown in Fig. 6 . The blood uptake of 99m Tc-CN5DG at

 min post-injection was 12.97 ± 0.88%ID/g while the uptake value was

.33 ± 0.06%ID/g at 60 min post-injection. These data suggested that
9m Tc-CN5DG had a fast clearance rate in blood in vivo . Major phar-

acokinetics parameters are listed in Table 1 . The blood distribution

alf-life was 5.81 min and the blood elimination half-life was 21.16 min.

bnormal toxicity studies 

In the abnormal toxicity study, none of five mice showed abnormal-

ty or died after 48 h. If one takes a person weighing 60 kg, the dose

eceived by a mouse (20 g) was about 300 times as much as a human

eceived per kilogram, suggesting the low toxicity of the solution of
9m Tc-CN5DG. 
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Fig. 3. SPECT/CT images of 99m Tc-CN5DG in nude mice bearing U87 MG(A), HCT-116(B), PANC-1(C) and TE-1(D) tumor xenografts at 2 h after intravenous injection. 

Fig. 4. (A) The dynamic SPECT images of 99m Tc-CN5DG on nude mice bearing U87 MG tumors from 5 min to 60 min post-injection (a, CT; b-l, SPECT). (B) The ROI 

ratios of tumor/muscle drawn on the SPECT images (b-l). 

Fig. 5. HPLC profiles of the radioactivity in tumor (a) 

and blood (b) at 30 min after the injection of 99m Tc- 

CN5DG in A549 tumor bearing mice. 
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iscussion 

Developing a 99m Tc labeled glucose derivative for tumor detection

as been of great importance. In our previous studies, 99m Tc-CN5DG

as evaluated in nude mice bearing A549 tumor and would be a poten-

ial agent for tumor imaging. In this study, we explored its application
S  
n U87 MG, HCT-116, PANC-1 and TE-1 tumor models and its pharma-

okinetic characterization in vivo . 
99m Tc-CN5DG could be readily prepared by using a CN5DG kit ( Fig.

 ). When the pH value of the kit was adjusted to about 6.0, the RCP

f the product was more than 95%. Lower pH value (pH < 4.0) is not

uitable because isonitrile is not stable under highly acidic conditions.

odium citrate is a necessary compound in the CN5DG kit to stabi-
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Fig. 6. Time-activity curve of 99m Tc-CN5DG in the blood of healthy mice. Data 

are expressed as mean ± SD. 

Table 1 

Major pharmacokinetics parameters derived by two- 

compartmental modeling after the administration of 
99m Tc-CN5DG in healthy CD-1 mice within 4 h post-injection 

( n = 6). 

Parameter Unit Value 

AUC(0-t) %ID/g ∗ min 236.313 

AUC(0- ∞) %ID/g ∗ min 261.388 

t1/2 𝛼 min 5.81 

t1/2 𝛽 min 21.16 

V1 L/kg 0.007 

V2 L/kg 0.003 
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ize Sn 2 + and 99m TcO 2 
•nH 2 O would be formed without it. Commonly,

40 MBq ∼1110 MBq of 99m Tc labeled radiopharmaceuticals would be

sed to perform a SPECT scan in clinic, so we studied the radioactivity

mount of 99m TcO 4 
− to prepare 99m Tc-CN5DG. As a result, when the ra-

ioactivity of 99m TcO 4 
− was up to 3700 MBq, the RCP of 99m Tc-CN5DG

as still over 95%. 

In our previous biodistribution studies in A549 tumor bearing mice,
9m Tc-CN5DG had the highest uptake in tumors at 30 min post-injection

nd the tumor/muscle ratio was high at 60 min post-injection, but

he uptakes in blood and other tissues (such as heart, stomach) were

lso high at 60 min. It should be noted that the tumor/muscle and

umor/blood ratios were both high at 2 h post-injection. Based on

hese data, in this study, we performed the biodistribution and SPECT

maging studies at 2 h post-injection to get ideal tumor/non-target

atios. The biodistribution data in four tumor models revealed that
9m Tc-CN5DG had a moderate tumor uptake (from 0.42 ± 0.07%ID/g

o 1.24 ± 0.28%ID/g) and high tumor/muscle (from 4.08 ± 0.42 to

.63 ± 3.53), tumor/blood ratios (from 17.18 ± 7.40 to 53.17 ± 16.16).

hese data were in accordance with that in A549 tumor model (tu-

or uptake, 1.48 ± 0.23%ID/g; tumor/muscle ratio, 29.68 ± 3.12; tu-

or/blood ratio, 60.79 ± 2.86) [24] . The uptake of 99m Tc-CN5DG in

87 MG tumor was significantly lower than that in other three kinds of

umors, possibly because the amounts of Gluts that transport the tracer

nto U87 MG tumor cells are lower than those on the other three tumor

ell lines. This needs further investigation. 

The SPECT/CT images of 99m Tc-CN5DG verified its broad-spectrum

pplication in U87 MG, HCT-116, PANC-1 and TE-1 tumor models. The

OIs (regions of interest drawn from SPECT images) ratios of the tumor

ites versus corresponding non-tumor sites for U87 MG, HCT-116, PANC-

 and TE-1 were 3.09 ± 0.19, 4.73 ± 0.15, 5.51 ± 0.79 and 6.01 ± 1.37,

espectively. These data nearly consisted with the tumor/muscle ra-

ios (from 4.08 ± 0.42 to 9.63 ± 3.53) from biodistribution data. More-

ver, there is no observable background uptake on SPECT images, sug-

esting the low uptake in blood, which is also consistence with the
iodistribution data (tumor/blood ratios varied from 17.18 ± 7.40 to

3.17 ± 16.16). In addition, the kidney/tumor ratios in TE-1 and PANC-

 tumor bearing mice are 1.97 and 1.67 from the biodistribution data,

hile the ROIs ratios of kidney/tumor from SPECT images in TE-1 and

ANC-1 are 2.01 and 1.64. The biodistribution data also corresponded

ith the data drawn on SPECT images. Although U87 MG tumor uptake

0.42 ± 0.07%ID/g) was lower than the uptake in HCT-116, PANC-1 and

E-1 tumors (from 0.95 ± 0.09%ID/g to 1.24 ± 0.28%ID/g), the U87 MG

umor could also be clearly seen in the whole-body SPECT/CT images.

ynamic SPECT images further verified that the U87 MG tumors could

e detected at 5 min after the injection of 99m Tc-CN5DG. These results

arranted the early tumor detection ability of 99m Tc-CN5DG in other

hree kinds of tumor models (HCT-116, PANC-1 and TE-1). When com-

ared to [ 18 F]FDG, 99m Tc-CN5DG has very low physiological uptake in

he brain (0.02%ID/g). As presented in Fig. 1 , 99m Tc-CN5DG is a pos-

tively charged complex, while [ 18 F]FDG is a neutral molecule. Hence,

 

18 F]FDG can cross the blood-brain barrier easily while 99m Tc-CN5DG

an’t. So little uptake of 99m Tc-CN5DG was observed in mouse brain.

s a result, the tumor/brain ratio of 99m Tc-CN5DG in U87 MG tumor

earing mice was high (19.00 ± 0.71). This findings may compensate

he deficiency of [ 18 F]FDG for brain tumor detection. 

The evaluation of 99m Tc-CN5DG as a tumor imaging agent was ini-

ially studied in A549 tumor bearing nude mice (including tumor uptake

tudies, biodistribution studies, SPECT/CT imaging studies) [24] , as a

ontinuous study of this work, A549 tumor bearing mice were used for

he metabolic study of 99m Tc-CN5DG in vivo . In this study, 99m Tc-CN5DG

as also found to be stable in blood and had no other metabolite in A549

umors, suggesting it exhibited high stability in vivo . The significant tu-

or uptake, fast blood clearance and good safety of 99m Tc-CN5DG war-

anted its further clinical application for cancer diagnosis. 

onclusion 

In this study, 99m Tc-CN5DG exhibited moderate tumor uptake, tu-

or/muscle and tumor/blood ratios in U87 MG, HCT-116, PANC-1 and

E-1 tumor models. SPECT/CT images in four tumor models demon-

trated that all four kinds of tumors could be clearly detected. More-

ver, 99m Tc-CN5DG was stable in blood and tumors in vivo and rapidly

leared from blood. These findings verified 99m Tc-CN5DG could be used

s a promising broad-spectrum tumor imaging agent and had potential

or clinical translation. 
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