JRMP

Journal of Radiopharmaceuticals and Molecular Probes Vol. 10, No. 1, June 2024

J Radiopharm Mol Probes 2024:10(1):73-81
ISSN 2384-1583(Print) / ISSN 2508-3848(0nline) Review

https://doi.org/10.22643/JRMP.2024.10.1.73

The Pharmacokinetics of mRNA Vaccine Carrier
using Carbon-14

Mi Hye Kwon!, Kwang Il Kim?, Yong Jin Lee!, Hye Kyung Chung!

'Korea Radio-Isotope Center for Pharmaceuticals, Korea Institute of Radiological and Medical Sciences, Seoul, Korea
Division of Applied RI, Korea Institute of Radiological & Medical Sciences, Seoul, Korea

ABSTRACT

Coronavirus disease 2019 (COVID-19) is a respiratory disease caused by the SARS-CoV-2 coronavirus, which
had been identified in Wuhan, China, in December 2019. COVID-19 is a serious threat to human health and
spread worldwide. World Health Organization (WHO) has declared the COVID-19 pandemic. It is important
that vaccines and therapeutics are developed to control COVID-19. Among these, vaccines using COVID-19
mRNA platforms have various advantages, including a short development cycle, an easy industrialization, a
simple production process, flexibility for new variants, and the capacity to induce better immune responses. This
review summarizes the structure and characteristics of coronaviruses and introduces the use of non-clinical
pharmacokinetic evaluation with C-14 in mRNA vaccine development. The in vitro stability of C-14 labeled
mRNA carrier ([*C]mRNA carrier) was evaluated and found to be stable for up to 144 hours in rat serum. The
[*“C]mRNA carrier was distributed mostly to the administration site in rats, but slowly distributed to other
organs after 48 hours. Most of the [*C]JmRNA carrier remained in the administered muscle and was slowly
excreted from the body through urine after 72 hours. There was no statistical difference in the distribution and
excretion after intramuscular administration of the [**C]JmRNA carrier to male and female rats. Through this
paper, it is expected to contribute to the development of drug carriers through various studies using C-14.
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Table 1. Development status list of covid-19 vaccine (29-30).
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(As of August 2021)

No Company Drug name Development stage Platform

1 AstraZeneca Comirna (Tozinameran) (FDA) Approval mRNA

2 Moderna Spikevax (FDA) Approval mRNA

3 Pfizer Comirnaty (WHO) Approval mRNA

4 Pfizer Comirnaty (Infant) (WHO) Approval mRNA

5 Pfizer Comirnaty 2 inj (WHO) Approval mRNA

6 Quratis QTP104 (KFDA) Phase 1 mRNA

7 Eyegene EG-COVID (KFDA) Phasel-2a mRNA

8 ST pharm STP2104 (KFDA) Phase 1 mRNA

9 SK bioscience NBP2001 (KFDA) Phase 1 Recombinant
10 SK bioscience GBP510 (KFDA) Phase1-2 Recombinant
11 Eubiologics EuCorVac-19 (KFDA) Phase2/3 Recombinant
12 HKinno.N IN-BOQ9 inj (KFDA) Phase 1 Recombinant
13 Astrazeneca Astrazeneca vaxzebria inj (WHO) Approval Virus vector
14 Janssen COVID-19 vaccine Janssen inj (FDA) Approval Virus vector
15 Astrazeneca Vaxzevria (EMA) Approval Virus vector
16 Cellid AdCLD-cov19 (KFDA) Phase1-2a Virus vector
17 Janssen COVID-19 vaccine Janssen (FDA) Approval Virus vector
18 GeneOne Life Science GLS-5310 (FDA) Phase1-2a DNA

19 Genexine GX-19N (KFDA) Phasel-2a DNA

20 Sinopharm BBIBP-CorV (WHO) Approval Inactivated
21 Sinopharm WIBP-CorV (WHO) Approval Inactivated
22 Sinovac CoronaVac (WHO) Approval Inactivated
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Figure 2. Biodistribution of ["“Cl-compound following a single dose of 37 kBq/100 pL to intramuscular injection in

(A) male (n =3) and (B) female (n = 3) rats.
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Figure 3. Cumulative recovery of total [**C]-compound
in excreta following a single dose of 37 kBg/100 uL
to intramuscular injection in (A) male (n = 3) and (B)
female (n = 3) rats. (C) Comparison of total excreta in
males and females.



Table 3. Pharmacokinetic parameters of [**C]-compound
after intramuscular injection to male (n = 3) and female (n
=3) rats.

Parameters Male(n=3) Female(n=3)
Serum
Crnax %ID 351 2.29
Trnax” hr 144 144
ti2 hr - -
AUCpst” hr-%I1D 378.59 281.42
AUCoin hr-%ID - -
Liver
Crnax %ID 6.88 5.44
Tinax” hr 144 144
ti2 hr - -
AUCust hr-%ID 688.78 513.05
AUCo-inf hr-%ID - -
Lung
Cinax %ID 1.29 1.04
Tinax” hr 144 144
ti2 hr - -
AUCpst hr-%ID 104.57 86.84
AUCo-inf hr-%I1D - -
Muscle®
Cinax %ID 85.65 95.61
Tonax” hr 0.25 0.25
ti hr 90.78 70.01
AUCest hr-%ID 8275.07 8514.69
AUCo-inf hr-%1D 12755.01 11544.36

* Tmax is expressed as median (range).

®Muscle is calculated an injection site

“AUCustis area under the plasma concentration-time
curve (AUC) from O to 144

4 AUCo-infis AUC from time zero to infinity

BROPAFS 15X QLT Ao A ZARE i
J Aol K o[ R] kT (Figure 2, Table 2 & 3).
2) C-140|2 mRNAF || Hi &7}
C-147} EAE mRNA W4l FHEAS 78 Eof 3 4]
7ol w2 WA % W WjAES 315l Sfstol Hjag
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Table 4. Excretion of [**C]-compound after intramuscular
injection to male (n = 3) and female (n = 3) rats.

Radioactivity of

Time interval (hr) excretion (% of dose)

Male Urinary excretion  Fecal excretion
0-8 0.12 0.02
8-24 1.65 0.06
24-48 1.87 0.16
48-72 0.83 0.26
72 -144° 10.61 7.57
Subtotal 15.08 8.07
Total (Urine + Fecal) 23.15

Female
0-8 0.19 0.02
8-24 091 0.11
24-48 1.37 0.28
48-72 1.28 0.40
72 - 144° 12.20 8.39
Subtotal 15.95 9.20
Total (Urine + Fecal) 25.15

*Swabs were collected from washed cages after 144 hours of
urine sample collection.
Total is sum of urine and fecal excretion.
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