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Abstract. The present study evaluated the local and systemic tolerability of vaccine formulation
components in the absence of antigen following intranasal and sublingual administration in outbred white
laboratory mice. The investigated substances included excipients of the vaccine formulation mannitol and
gelatin at various concentrations as well as phosphate-buffered saline and water for injection, which are
used as technological components during the development of vaccine candidates. The control group
consisted of intact animals.

Tolerability was assessed over a 10-day observation period based on clinical condition, body weight
dynamics, and key blood biochemical parameters. All tested substances demonstrated good tolerability: no
clinically significant local or systemic reactions were observed, and the evaluated biochemical parameters
remained within reference ranges. Based on the overall assessment, mannitol at a concentration of 5% and
gelatin at 0.5% were identified as optimal.

The obtained results indicate the safety of the investigated excipients and technological components
and confirm their suitability for use at the preclinical stage of development of vector-based anti-brucellosis
vaccine candidates utilizing an influenza virus platform.
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Introduction

Excipients of vaccine formulations, including stabilizers, carriers, and buffering systems, play a criti-
cal role in ensuring the safety, stability, and reproducibility of vaccine products. The protein stabilizer gela-
tin is widely used to enhance the resistance of viral particles to temperature fluctuations and lyophilization
processes. However, in certain cases, it has been associated with adverse reactions, necessitating a thor-
ough evaluation of its tolerability [1,2]. Mannitol is commonly employed as a stabilizer and cryoprotectant,
while phosphate-buffered saline (PBS) serves as a buffering medium that maintains physiological pH and
osmolarity within the vaccine formulation [2].

Although data are available regarding the safety of these substances following parenteral administra-
tion, the literature lacks systematic evidence concerning their local and systemic tolerability after mucosal
administration (intranasal and sublingual routes), particularly when administered in the absence of an anti-
genic component. This represents a significant knowledge gap, as the impact of excipient and technological
components of vaccine formulations on the host organism following mucosal delivery remains insufficient-
ly characterized. Such limitations hinder the scientific justification of their use at early stages of preclinical
research.

This issue is especially relevant in the context of developing vector-based vaccines utilizing influen-
za virus platforms, for which mucosal routes of administration are considered promising in terms of induc-
ing local immune responses. The practical importance of assessing excipient tolerability lies in enabling
their safe incorporation into vaccine formulations for vector-based anti-brucellosis vaccine candidates de-
rived from influenza virus platforms. Moreover, such evaluation reduces the risk of confounding interpre-
tations of reactogenicity and immunogenicity data attributed to the vector constructs themselves during
preclinical investigations [3,4].
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The aim of the present study was to evaluate the local and systemic tolerability of vaccine excipients
(gelatin and mannitol), as well as the buffering medium and technological solvent, following intranasal and
sublingual administration in outbred white laboratory mice, based on body weight gain, clinical observa-
tions, and blood biochemical parameters.

Materials and Methods

A total of 110 outbred white laboratory mice aged 6-8 weeks were used in the study and allocated in-
to 11 groups of 10 animals each. The study was conducted as a controlled preclinical experiment, with an-
imals randomly assigned to experimental and control groups. The control group consisted of intact animals
that did not receive any administration.

The tested substances included excipients of the vaccine formulation mannitol (3%, 5%, and 7%) and
gelatin (0.3%, 0.5%, and 0.7%) as well as phosphate-buffered saline (PBS; 0.01 M, pH 7.2-7.4) and water
for injection, which was used as a technological solvent in the preparation of vaccine candidates. The sub-
stances were administered once via the sublingual and intranasal routes. Animals were monitored for 10
days following administration.

The following parameters were assessed: body weight gain (Day 0 and Day 10), local tolerability,
and systemic clinical signs (including activity, appetite, and general condition), evaluated using a semi-
quantitative scoring scale (0-3 points). In addition, key biochemical blood parameters were measured, in-
cluding alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activity, total bilirubin, glu-
cose, and total protein levels. Blood samples were collected from the tail vein on Day 10 of the experiment.

Statistical analysis was performed using descriptive statistical methods. Results are presented as
mean + standard deviation (M £ SD). Intergroup comparisons were conducted using parametric or nonpar-
ametric tests depending on data distribution. Differences were considered statistically significant at p <
0.05. Reference values were derived from the intact control group within the present study.

Results

All investigated components of the vaccine formulation including mannitol, gelatin, phosphate buff-
ered saline, and water for injection demonstrated good tolerability in outbred white laboratory mice follow-
ing both sublingual and intranasal administration. The obtained results are presented in Tables 1-4.

Following sublingual administration, physiological body weight gain was observed in all groups. No
local reactions at the mucosal site or systemic clinical manifestations were detected.

After intranasal administration, mild transient local reactions characterized by slight mucosal hyper-
emia were observed in the groups receiving gelatin, whereas the remaining components were well tolerated
without signs of irritation or systemic effects.

Biochemical blood parameters including alanine aminotransferase, aspartate aminotransferase, total
bilirubin, glucose, and total protein remained within the reference values obtained from intact control ani-
mals in all groups. These findings indicate the absence of hepatic dysfunction or disturbances in general
metabolic status.

Formal statistical comparisons between groups were not performed, as the objective of the study was
descriptive evaluation of tolerability. The limited sample size and the nature of the data did not allow the
application of parametric statistical methods.

Analytical conclusion. Based on the overall assessment of clinical observations, body weight dynam-
ics, and biochemical parameters, mannitol at a concentration of 5% and gelatin at 0.5 %were identified as
optimal for further investigations. The mild local reactions observed after intranasal administration of gela-
tin were not clinically significant and did not affect the overall tolerability profile.

Table 1- Body weight, weight gain, and tolerability following sublingual administration

Component | Concen | Number Body Body Weight Weight | Local | Syste
tration of weight weight gaing gain % | tolera | mic

(%) animals | DayOg | Day1l0g | mean+ mean £ | bility | clinic
mean + mean + SD SD score al

SD SD score
Mannitol 3 10 20,3+0,2 | 21,8+0,3 | 1,5+0,3 | 74+1,5 0 0
Mannitol 5 10 20,4+02 | 22,1+£0,2 | 1,7+0,3 | 83+1,6 0 0
Mannitol 7 10 20,5+0,2 | 223+0,3 | 1,8+0,3 | 88+1,7 0 0
Gelatin 0,3 10 192+0,2 | 21,6+0,3 | 24+04 | 12,5+2,1 0 0
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Gelatin 0,5 10 193+02 | 21,9+03 | 2,6+04 |13,5+24| O 0

Gelatin 0,7 10 19,1+0,2 | 21,8+0,4 | 2,7+0,5 | 14,1 +£2,7 0 0

Phosphate - 10 192+0,1 | 209+0,2 | 1,7+0,2 | 89+5,5 0 0

buffered

saline 0.01 M

pH 7.2 -7.4

Water  for - 10 184+03|20,1+04 | 1,7+0,6 | 9,5+3,2 0 0

injection

Control - 10 192+0,7| 21,9+03 | 2,7+0,6 | 14,0+ 3,8 - 0
A score of 0 indicates absence of local reactions including hyperemia, edema, or mucosal

erosion and absence of systemic clinical manifestations including depression, reduced appetite, or

behavioral changes. Scores from 1-3 indicate increasing severity of the reaction.

Table 1 presents body weight dynamics, weight gain, and tolerability indicators of different concen-
trations of mannitol and gelatin, as well as phosphate buffered saline and water for injection, following
sublingual administration. In all experimental groups, physiological body weight gain was observed
throughout the 10 day observation period.

Local reactions at the level of the oral mucosa were absent or minimal, and no systemic clinical man-
ifestations were recorded.

These findings indicate good local mucosal and systemic tolerability of all tested substances at the
selected concentrations and route of administration.

Table 2- Body weight, weight gain, and tolerability following intranasal administration

Component | Conce | Numb Body Body Weight Weight Local | Systemi
ntratio | er of weight weight gaing gain % tolerabili c
n(%) | anima | DayOg Day 10 g mean + mean + ty score | clinical

Is mean =+ mean =+ SD SD score
SD SD

Mannitol 3 10 ]204+02|220+03 | 1,603 | 79+1,5 0 0

Mannitol 5 10 20,5+0,2 | 22,1 +£03 | 1,603 79+1,5 0 0

Mannitol 7 10 [20,6+03 | 222+03 | 1,603 | 7,8+1,6 0 0

Gelatin 0,3 10 192+0,1 | 21,8+0,7 | 2,6+0,7 | 13,7+£3,7 1 0

Gelatin 0,5 10 192+0,1 | 21,9+0,6 | 2,7+£0,6 | 140+35 1 0

Gelatin 0,7 10 193+0,2 | 22,0£0,7 | 2,7+£0,7 | 140+£3,6 1 0

Phosphate - 10 19,3+0,1 | 21,9+0,2 | 2,6+£0,2 | 13,6+0,9 0 0

buffered

saline 0.01

M pH 7.2-

7.4

Water  for - 10 |21,3+0,2|225+0,3 | 12+0,3 | 58+1,6 0 0

injection

Control - 10 | 19,2+0,7 | 21,9+03 | 2,7+£0,7 | 140+3,8 - 0

A score of 0 indicates absence of local reactions including hyperemia, edema, or mucosal erosion
and absence of systemic clinical manifestations including depression, reduced appetite, or behavioral
changes. Scores from 1-3 indicate increasing severity of the reaction.

Table 2 presents body weight dynamics, weight gain, and tolerability indicators of the investigated
substances following intranasal administration. In all experimental groups, physiological body weight gain
was observed throughout the 10 day observation period.

Mild local reactions at the level of the nasal mucosa were recorded only in individual animals in the
groups receiving gelatin and were transient in nature. No systemic clinical manifestations were observed in
any of the groups.

These findings indicate good local mucosal and systemic tolerability of the investigated components
and technological media following intranasal administration.
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Table 3- Biochemical blood parameters following sublingual administration

Component | Conce | Number | ALT AST Total bilirubin Glucose Total protein
ntratio of (U/L) | (U/L) (mg/dL) M+SD (mmol/L) | (g/L) M+SD
n(%) | animals | M+SD | M+SD M=£SD

Mannitol 3 10 45+£3 | 85+5 |0,12+0,01 152+ 1,0 52+2

Mannitol 5 10 46+4 | 87+4 [0,13+0,02 155+0,9 | 53+2

Mannitol 7 10 47+4 | 88+6 |0,12+0,02 153+1,1 | 52+3

Gelatin 0,3 10 48+3 [ 90+5 |0,13+0,01 15,6 £ 1,2 54+2

Gelatin 0,5 10 46+4 | 88+5 [0,12+0,01 154+1,0 | 53+2

Gelatin 0,7 10 47+5 [ 89+6 |0,13+0,02 15,5+ 1,1 53+3

Phosphate - 10 46+3 | 87+4 [0,12+0,01 154+09 | 53+2

buffered

saline 0.01

M pH 7.2-

7.4

Water  for - 10 45+£3 | 85+5 |0,12+0,01 15,3+1,0 52+2

injection

Control - 10 46+4 | 86+5 |0,12+0,01 15,5+ 1,0 53+2

Table 3 presents the biochemical blood parameters of laboratory mice following sublingual
administration of all investigated substances. The values of alanine aminotransferase activity, aspartate
aminotransferase activity, total bilirubin, glucose, and total protein in all experimental groups remained
within the reference ranges typical for laboratory mice.These findings indicate the absence of impaired
liver function or disturbances in general metabolism and confirm good systemic tolerability of the
investigated excipients, buffering medium, and technological solvent following sublingual administration.

Table 4- Biochemical blood parameters following intranasal administration

Compone | Concent | Number ALT AST | Total bilirubin Glucose Total protein

nt ration of (U/L) | (U/L) (mg/dL) (mmol/L) (g/L) M£SD
(%) animals | M+SD | M+SD M+SD M=£SD

Mannitol 3 10 46+3 | 86+5 0,13 +0,01 15,3+1,0 52+2

Mannitol 5 10 47+4 | 88+4 0,14+0,01 15,6 +0,9 53+2

Mannitol 7 10 48+4 | 89+6 0,13 +0,02 154+1,1 52+3

Gelatin 0,3 10 49+3 [ 91+5 | 0,14+0,01 157+12 54+2

Gelatin 0,5 10 47+4 | 89+5 0,13 +£0,01 155+ 1,0 53+2

Gelatin 0,7 10 48+5 | 90+6 0,14 + 0,02 15,6 1,1 53+3

Phosphate - 10 47+3 | 88+4 0,13+0,01 15,5+0,9 532

buffered

saline 0.01

M pH 7.2-

7.4

Water for - 10 46+3 | 86£5 0,13 +0,01 154+1,0 52+2

injection

Control - 10 47+4 | 87£5 0,13+ 0,01 15,6 £ 1,0 53+£2

Table 4 presents the biochemical blood parameters of laboratory mice following intranasal admin-
istration of the investigated substances. In all experimental groups, the values of alanine aminotransferase
activity, aspartate aminotransferase activity, total bilirubin, glucose, and total protein remained within the
reference ranges typical for laboratory mice.

These findings indicate the absence of impaired liver function or disturbances in general metabolism
and confirm good systemic tolerability of the investigated excipients, buffering medium, and technological
solvent following intranasal administration.
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Discussion

The results of the experiment demonstrate good local and systemic tolerability of the investigated
components of the vaccine formulation including mannitol, gelatin, phosphate buffered saline, and water
for injection following sublingual and intranasal administration in outbred white laboratory mice. Body
weight gain remained within physiological limits, local reactions were minimal and transient, and no sys-
temic clinical manifestations were observed. Biochemical blood parameters including alanine aminotrans-
ferase, aspartate aminotransferase, total bilirubin, glucose, and total protein corresponded to the control
values of intact animals, indicating the absence of liver dysfunction or disturbances in general metabolism.

The mild local reactions observed after intranasal administration of gelatin are consistent with previ-
ously published studies [1-4], which describe the potential irritative activity of protein stabilizers following
mucosal administration. The investigated components were administered once, the observation period last-
ed 10 days, and no morphological analysis of mucosal tissues was performed.

Despite these limitations, the findings confirm the safety of the investigated components and techno-
logical media at the stage of preclinical evaluation of vector vaccines based on an influenza virus platform.

Conclusion. The excipients of the vaccine formulation including mannitol and gelatin, as well as the
buffering medium and technological solvent, demonstrate good local and systemic tolerability following
sublingual and intranasal administration. Body weight gain remains within physiological limits, local reac-
tions are minimal and transient, and systemic clinical manifestations are absent.

Based on the overall assessment, mannitol at a concentration of 5% and gelatin at 0.5% were identi-
fied as optimal for further investigations. The next stages of preclinical development include repeated ad-
ministration, incorporation of the antigen component, and histological examination.
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BAKIIMHAUJIBIK ITPETTAPATTBIH KOCAJIKBI KOMITOHEHTTEPIHIH
3EPTXAHAJIBIK AK TBIINKAHJAPJAATFBI TO3IMALJIII'T
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AHHoTanmsA. Byn 3epTreyne aHTHreHAIK KOMIIOHEHTCI3 BaKIMHAJBIK KOMITO3UIMSHBIH Kypamac
O6JIKTEepiHIH MHTpPaHA3AIbIIbl JKOHE CYOJWHTBAIBABI €HTI3UTYyl KEe31HJE 3epTXaHalblK aK THIIIKAHIapAa

buoxkayincizoix sxcane Buomexnonoaus
Buobezonacnocme u Buomexmnono2us 27 2025, Ne24
Biosafety and Biotechnology


https://orcid.org/0000-0003-3312-4045
https://orcid.org/0009-0002-9839-6199
https://orcid.org/0000-0002-0650-7457
https://orcid.org/0000-0002-9387-6647
https://orcid.org/0000-0002-4585-7476
https://orcid.org/0000-0002-9186-0529
https://orcid.org/0000-0001-8777-8453
https://orcid.org/0000-0001-7267-3931
https://orcid.org/0000-0002-4361-5676
https://orcid.org/0009-0004-5138-2034
https://orcid.org/0009-0002-1906-746X
https://orcid.org/0000-0002-3884-4458
https://orcid.org/0009-0001-3948-7966
https://orcid.org/0009-0008-0681-0035
https://orcid.org/0000-0002-1998-8798

KEPTUTIKTI JKOHE JKYHeNiK Te3iMaumri OarayaHnmbl. 3epTTey HBICAHIAphl PETIHAC BaKIIMHAIBIK
KOMITO3UIUSHBIH KOCAJIKhl KOMITIOHEHTTEp1 - OPTYpJi KOHIICHTpalusuiapla MaHHUTOJI MEH >KEIaTHH,
COHIAW-aK BaKIWHAIBIK KAHIUAATTApAbl  d3ipJeyle TEXHOJOTHSUIBIK  KOMIIOHGHTTEp  peTiHe
KoJmaHbuaTeiH (GocharTei-Oydepi epiTiHAl KOHEe MHBEKUUSIIBIK Cy HaijaanaHbliabl. bakbuiay TOOBIHA
WHTAKTTHI )KaHyapJap eHr13111i.

Tezimainiri 10 Toymik 60HBI KaHyapJIapAblH KIMHAKAIBIK KaFaiibl, I€HE CAIMAaFbIHBIH TUHAMUKACHI
YKOHE KAHHBIH HET13T1 OMOXUMUSIIBIK KOPCETKIITEpl OoWbIHINA OaraiaHbl. bapiblKk 3epTTenreH 3arrap
KAKCHl T3IMILTIK KOPCETTi: KIMHUKAJIBIK MOHI Oap >KepriliKTI HeMece >KYHMEeNIK >KaFbIMCHI3 peakuusiiap
OaiikamMazpl, ajl 3epTTEIreH OHMOXUMMSUIBIK KOPCETKIITEp pedepeHTTIK MOHJAEp IICTiHJAE KaJJibl.
[TapameTpnepaiH JKUBIHTBIK Oarackl OOWBIHIIA MaHHUTONABIH S5 % koHe xkematuHHiH 0,5 %
KOHIICHTPALIMSUIAPhl OHTAMJIBI  JIEN  aHBIKTAIABL AJIBIHFAH HOTIDKENEP 3CEPTTENTeH KOCAIKBl JKOHE
TEXHOJIOTUSUIBIK KOMIIOHEHTTEP/iH KayilCi3iriH KepceTeai >KoHe OJapAbl TymMay BHUPYCHI HeETri3iHeri
BEKTOPJIBIK ~Opylieiie3re Kapchl BaKIMHATAP-KAaHIUAATTAPBIHBIH  BAKI[MHAJBIK KOMIIO3HIIUSIIAPBIH
O3ipJIey/IiH JOKIMHUKAIIBIK Ke3CHIH/IE KOJIJaHy MYMKIHIITiH HeT13 e 1i.

Tyiiingi ce3mep: BakiMHA, BaKIMHAJIBIK KOMIIO3MIUS, KOCAJIKbl KOMIIOHCHTTEp, JKEJIaTHH,
MaHHUTOJI, TO3IMIUTIK, THIIIIKAH/AP.

HNEPEHOCUMOCTDB BCHOMOI'ATEJIbHBIX KOMIIOHEHTOB BAKIIMHHOI'O
ITPEITAPATA Y JIABOPATOPHBIX BEJIBIX BECIIOPOJHBIX MBIIIIEN
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AHHOTanus. B HacTOAmeM HCCIEAOBAHMM IIPOBEIECHA OLEHKA MECTHOM MW CHUCTEMHOMN
IIEPEHOCUMOCTH KOMIIOHEHTOB BAaKIIMHHON KOMIIO3ULIMH B OTCYTCTBHE AHTUIE€HHOIO KOMIIOHEHTA IIPU UX
MHTPAHA3aJIbHOM U CYOJMHIBAJIbHOM BBEJIEHUM Yy OenbIX OecrnopoJIHBIX J1abOpaTOpHbIX Mbliei. B
KayecTBe OOBEKTOB HCCIIEJOBAHUS  HCIOJIB30BAIM  BCIIOMOTaTENIbHbIE KOMIIOHEHTHI  BaKIMHHOM
KOMITO3UIIMM - MaHHUTOJ M JKEJaTHMH B Pa3IUYHbIX KOHIEHTpalusaX, a Takxke (ochaTHO-0ydepHbIit
pacTBOp M HHBEKLUMOHHYIO BOJY, NPUMEHSIEMbIE B KauyeCTBE TEXHOJIOTMUYECKUX KOMIIOHEHTOB IIpU
pa3paboTKe BaKIIMHHBIX KaHIUAaTOB. KOHTPOJIbHYIO TPYIIY COCTABIISUIN MHTAKTHBIE YKUBOTHBIE.

ITlepeHocumocTs oueHuBanu B TedyeHHe 10 CyTOK IO IMOKAa3areiasM KIMHUYECKOTO COCTOSHUS
KUBOTHBIX, TMHAMUKHM MacChl T€Jla © OCHOBHBIM OMOXMMHUYECKHM IapaMeTpaM KpOBHU. Y CTAaHOBIIEHO, YTO
BCE MCCIIEZIOBAHHBIE BEIECTBA XaPAKTEPHU30BAIUCH XOPOIIEH NEPEHOCUMOCTBIO: KIMHUYECKH 3HAaYMMbIE
MECTHBIE U CUCTEMHbIE PEaKIMU OTCYTCTBOBAJM, a MCCleAyeMble OMOXUMUYECKUE MOKA3aTeNIu KPOBU He
BBIXOJWJIM 3a TpeAenbl peepeHTHbIX 3HayeHuid. [lo COBOKYNMHOCTHM OIICHMBAaeMbIX IapamMeTpoB
ONTHMAaJIbHBIMU OBLIM MPU3HAHBI MAaHHUTOJ B KOHIEHTpauuu 5 % u kematuH B KoHueHTpauuu 0,5
%.ITonydeHHble pe3yNbTaThl CBUAETEIBLCTBYIOT O O€30MaCHOCTU HCCIEIOBAaHHBIX BCIIOMOTATENBHBIX U
TEXHOJIOTUYECKHX KOMIIOHEHTOB M MOJATBEPXKJAIOT BO3MOKHOCTh WX IMPUMEHEHMs] Ha JOKIMHUYECKOM
sTane pa3pabOTKU BaKIMHHBIX KOMITO3UIIMHA BEKTOPHBIX MPOTUBOOPYIEIUIE3HBIX BaKIMH-KaHIUIAaTOB Ha
OCHOBE BUpYCa IrpHa.
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