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Scope of the Journal

The philosophy of the Faculty of Veterinary Science, Mahidol University, is “One Health”, i.e., to interweave the disciplines

of veterinary sciences with medical sciences for extreme advantages to human, animals and environment. The Journal of Applied
Animal Science (JAAS), is a peered review journal which published 2 numbers (January-June, July-December) a year by Faculty of
Veterinary Science, Mahidol University, accepts manuscripts presenting information for publication with this philosophy in mind.
Articles published in JAA4S include a broad range of research topics in veterinary science, animal science, animal husbandry,
animal production and fundamental aspects of genetics, nutrition, physiology, and preparation and utilization of animal products.
Articles typically report research with cattle, companion animals, goats, horses, pigs, and sheep; however, studies involving other farm
animals, aquatic and wildlife species, and laboratory animal species that address fundamental questions related to livestock and

companion animal biology will be considered for publication.
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Instructions to Authors

“Journal of Applied Animal Science” (JAAS)

Journal of Applied Animal Science is a peer-review
journal (2 issues/year; January-June and July-December)
which publishes papers that report on original research
covering broadly interdisciplinary of veterinary and animal
sciences with results of more than local regard. J4A4S invite
and welcome submissions on existing new research from
basic to molecular. Articles published under our journal are
double-blind peer reviewed by at least 2 reviewers.

The author should follow the instructions below for
manuscript preparation and submit with covering letter.

1. Categories: J4A4S accepts varieties of article,
including research articles, short communications, reviews and
also clinical reports.

2. Language: English articles are preferable;
however, both Thai and English manuscripts are acceptable,
with Thai and English abstracts.

3. Submission: The submission file is in MS-Word
format or compatible software. Submission via register and login

to the submission website, https://he02.tci-thaijo.org/index.php/

jaas_muvs/about/submissions.

4. Format: The manuscript should be used A4 size
with margin of 2.54 c¢m (1 in), double spacing and
indentions by using tabs. Times New Roman font 12 points
is favored for English and Angsana New or TH SarabunPSK
16 points is desirous for Thai.

5. Components: The research manuscripts should
have sequential components as title page, abstract and 4-5
keywords, introduction, materials and methods, results,
discussion, conclusion, acknowledgements and references.
Title page, in both Thai and English, includes title,
author(s) and affiliation(s) for each author. Corresponding

author must provide full contact address and email.

a. Short communications or clinical reports:
These could be written as no sections, combination of results
and discussion or introduction and followed by several
presentation sections.

b. Reviews: The manuscript should start with
introduction and followed by demonstration sections and
conclusion.

6. Tables-Figures: Tables and figures must be
numbered by using Arabic numbers. The caption must be
written on the top of table or the bottom of figure. Tables
and figures should be put at the end of article. All tables
should be understandable by itself. All figures with high
quality should be prepared in black and white as separate
files.

7. References: Authors must be careful for the
reference fomats of both in-test citations and bibliography.
In-text citations use author(s)-year in parentheses, the proper
format is (Smith 2008; Kennedy and Smith 2009; John
et al., 2010a, 2010b) or Smith (2008).Two authors use
“and” in between. Using “et al.,” when there are more than
2 authors. Multiple citations in a sentence must be in
chronological order first, then alphabetical order.
Bibliography should be in the last part of article and
arranged aphabetically by authors or title. List first 6
authors and followed by “et al.” when there are more than
6 authors. The title is followed the last author. Abbreviated
journals are according to the conventional ISO abbreviations
used by PubMed. One-word journal title must be spelled
out. Year of publication, volume, issue in parentheses, and

begin and end pages. These are examples of bibliography.
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Barker K. At the Bench: A laboratory navigator. New York:
Cold Spring Harbor Laboratory Press; 1998.

Fairbrother JM, Gyles CL. Escherichiacoliinfections. In:
Straw BE, Zimmerman JJ, D’Allaire S, Taylor DJ,
editors. Diseases of swine. 9" ed. Towa: Blackwell
Publishing; 2006. p. 639-74.

Laohasinnarong D, Kaeoket K, Prasitphon B. Estrus
synchronization in gilts with altrenogest by different
given time. Proceedings of the 19™ IPVS Congress.
Copenhagen, Denmark: Narayana Press; 2006. p. 118.

Meng X-J, Purcell RH, Halbur PG, Lehman JR, Webb DM,
Tsareva TS, et al. A novel virus in swine is closely
related to the human hepatitis E virus. Proc Natl Acad
Sci. 1997;94(18):9860-5.

WHO media centre. African trypanosomiasis (sleeping

sickness) [Internet]. WHO. 2010 [cited 2011 Oct

29]. Available from: http://www.who.int/mediacentre/

factsheets/fs259/en/.

8. Scientific terms should use the update and
follow the International Code of Nomenclature, written
by emphasis.

9. Standard abbreviations and symbols are

acceptable without definition.

Please visit J4A4S website for more information and

manuscript template, https://he02.tci-thaijo.org/index.php/

jaas_muvs

Editor-in-Chief email: editor.jaas2020@gmail.com

Address: Faculty of Veterinary Science, Mahidol
University, 999 Phuttamonthon Sai 4, Salaya, Phuttamonthon,

Nakhon Pathom 73170 Thailand.


https://he02.tci-thaijo.org/index.php/jaas_muvs
http://www.who.int/mediacentre/
http://www.who.int/mediacentre/factsheets/fs259/en/

Editor Note

4
v A 1 a . . . 1 v A g @
maﬂmué’mmmzauwmﬁmi Journal of Applied Animal Science (JAAS) 1NN1U Nsasavutiluniuusnues
A Y o % 9w @ a [l 1 4 =
i 19 wa. 2569 Fuiudludnnilidndingvesnsans mewdsoinmsldgduuumhiln@unediaeiiossnuuis 1s 1
a =YY (v = 9 oA Y = o o o ' o 2
ﬂ’fN’Uiiﬂﬂ'ﬁﬂ']i"lN"lﬂﬂiﬂlﬂﬁﬂugﬂuﬂﬂﬁu'lﬂﬂclﬁil INDHENDUDIANUNUTNUUALNANUINITUDIINTAT ﬂ'JUﬂUl‘]JﬂTJﬂ'IiLWM
o : o A g yw Yo s v ) a A Y y g A X
mu’mnmmmimmamuu LW?JTHﬁ’é)']uvlﬂﬁTJENﬂﬂ’J']lIg!Lag"Uﬂyﬁﬂ']\ﬂ"lﬂﬂ']ﬁ/lﬂa'lﬂﬂa'lﬂ ATUDIU LASLUVNUVUEIUU
g a @ t4 dy @
GlquJﬂWﬁﬁ ’mmw’miGummmmmsm?mu IA.AT.AN.U.D1NT adNYY TA.AN.Y.AT.NNYDT ﬂ’Nthi

a

Aaw a o £ a s o a ) Yo o 3
Wﬂ.ﬂi.ﬁw.ﬂej.ﬁﬂ%\if‘{ UYIYNTVIND WA.AT.FIANA %ﬂ(v’lziﬂﬁ‘i Hag an.Y.ITYsT nmau ﬁ'lﬁ'sumiﬂmﬁamﬂuvj’mmmm

3

AIAUIZADTET (Reviewer Recognition and Certificate by Editor: RRC-E) 132311] W.A. 2568 F3A1u1uiniaz anuide 1wy

o

a ' =

YoM INAANNIILLUNUIMdIAYe1E luMIeNITEAUAMNTHYBIUNANULAZIES NE3 19IATIUNANINTVBINTAS
' A
267197011109
0w o X Ao o 4 ! o o & ! o 7 o a
dwisunsesniuil UszaeudisunanuIsesiuay 4 5e4 1aua (1) anudniusszrineseduesualinunganssu
g T N | & o { o . . . .
m3aeegnao N ML 72 51 Tuanasnaoa lugn Tailofwane (2) Comparative Analysis of Phytochemical, Proximate,
and Vitamin Composition of Selected Nigerian Medicinal Leaves (3) ﬂsx?m%mwsummmnSugiuimmimﬂﬁﬂwﬁﬂﬁa
a a a @ wa o q' a 3
Tunswlumsasianueuavedsae Isaugaa lagaluung wag (4) MmsAnvmuvdoundwwesgiamsaiseslsninaiu

a 1 & o J . @ @ A
mwuﬂ"lu“lmﬁmaﬂclum‘gmmmﬂwug Wistar (Mlac:WR) 91AM13NaaUM3 lasua13n1a1in 90 1 saudes1sanudadnlie

]
=

° A A ~ o a X N @ w1 L o A g g 1 J 9 2

TUHIU 1 1393 D ﬂ1’;!25Llﬂﬁlcﬁﬂllﬁ'lﬂlﬂﬂslluﬂ"l"]f'lﬁaiﬂ'lﬁNWWW]ﬂlIW'li1"l‘VI5’E'JElﬂcluﬁ:fl!ﬂlﬂlﬂutﬂmiﬁ(ﬂ@lﬂ‘l'ﬁ]llﬂiﬂﬂﬂ meau
a a v Aav J { T 1 a { 1 J § @

NOIUITAUITNITUBLFYFIUUNIVY AWUVITY uaxéﬁmmmunﬂmu ﬁ\?NEN11!‘1/]']\1’3%']ﬂ']§ﬁﬁﬂﬂlﬂ']WiJ'li’)iJLNleLWﬁ Lﬁﬁ)i’.]llﬂu

o s o 4 a 9 s 9 s '
W@JJL!'l'l’Nﬂﬂ'ﬂll:j:}!m$ﬂlﬂlﬂaﬂu3\1ﬂ1§3"51?!']59%}']“L!ﬁ(“l'J!LWVIﬂﬁ1ﬁ@]ﬁLLaZﬁ@]’Jﬂ1ﬁ@]ﬁJ@\1ﬂi%mﬁﬁ'ﬂmll]

d
309AANTINTY A3 INSTAMNNGFUTNA F1IUIT9

155015M3 (Editor-in-Chief)



w/
MUVETO

Mik PUFA & Ca content 100g of mi
mQ'100 g of mik o (W Bg mal

300 -

269

Centel MUVETO goat mik

Malcderousness & Perception taste

b 82

D Malcdarousness

@ Perception taste

¥ 8 85 88 3 8 38

o
"

MUVETO goat milk

Functional goat milk: Naturally high PUFA,Ca

and maloderousness
ma/ 1009 Yolk Cholestercl content (mg/100 g) @ Duck yolk

4000 2640
&3 Hen yolk

3000 - B2 Quail yolk
mMUVETO yolk

2000 -

1120
1000 -

I § Duckyelk Henyeolk Quallyolk MUVETO yolk

Functional egg: Low cholesterol

Y
Distributed by . Faculty of Veterinary Science, Mahidol University &“u‘ a%,
(¢
999 Phutthamonthon Sai 4 Road, Salaya, Phutthamonthon, .g @ .
Nakhonpathom, 73170, Thailand. Tel. 02-4410933. g%lwv’j



Research Article

Relationship between Temperament and Nursing Behaviors on Body

Weight Gain at 72 Hours Postpartum of Kamphaengsaen Beef Cattle

Phonthep Puthanawong'*, Jamroen Thiengtham], Panwadee Sopannarath2

'Department Animal Science, Faculty of Veterinary Medicine, Western University, Thailand
’Department Animal Science, Faculty of Agriculture, Kasetsart University, Thailand

*Corresponding author, E-mail address: Puthanawong@gmail.com

Received: 22 September 2025; Revised: 11 November 2025; Accepted: 12 November 2025

Abstract

Temperament is a physiological component that influences behavioral expression and productivity related to nursing
behaviors. This study aimed to investigate the relationship between temperament and nursing behaviors on body weight gain
at 72 hours postpartum in Kamphaengsaen beef cattle. A total of 20 Kamphaengsaen beef cows were used in the study.
Temperament was assessed using the chute test and exit velocity test, and the results were used to classify the cattle according
to their temperament characteristics as calm and ill-tempered. Eight calm cows and twelve ill-tempered cows were identified.
After grouping, the cows were entered into the estrus synchronization program and mated using artificial insemination to
study the relationship between nursing behavior and calf weight gain at 72 hours postpartum. The results showed that ill-
tempered cattle had earlier calving-to-calf contact and calving-to-calf licking after parturition compared to calm cows. They
also had a significantly higher rate of approaching their calves than calm cows (p <0.01). Analysis of the relationship between
maternal behavior and calf behavior at 72 hours postpartum revealed a statistically significant positive correlation (p <0.01).
Furthermore, the study found that calves raised by calm cows had greater weight gain at 72 hours postpartum than calves

raised by ill-tempered cows.

Keywords: Beef cattle, Temperament, Calm and ill-tempered, Nursing behaviors
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Abstract

This study provides a comprehensive comparative analysis of seven underutilized Nigerian medicinal leaves that
can be explored as preservatives in health-oriented meat products. Medicinal leaves are mostly cherished for their antioxidant
and antimicrobial properties in the medical sector; these properties potentially establish medicinal leaves as promising natural
preservatives against microbial spoilage and lipid oxidation in meat products. Therefore, this study evaluated the phytochemical,
proximate, and vitamin composition of seven Nigerian medicinal leaves harvested in Ejigbo, Osun State, namely: stonebreaker
(SBL), guava (GL), scent (SL), moringa (ML), lemongrass (LG), hospital-too-far (HL), and miracle leaves (MIL). The leaves
were washed with clean water, shade-dried at room temperature (24 °C) for 7 days, and ground into a powdery form for
analysis. Phytochemical results show that flavonoids were high in SL (72.46 mg), MIL (72.64 mg), and ML (75.03 mg) with
no significant (p > 0.05) difference. SL (98.55 mg) and MIL (98.78 mg) exhibited the highest phenols with no significant
difference. The highest saponin was observed in ML (36.13 mg) and MIL (37.55 mg). Results for proximate analysis show
that MIL (22.68%), SL (31.13%), and HL (21.78%) had the highest crude protein with no significant (p > 0.05) difference.
The highest fat was found in MIL (5.61 mg), while HL. had the least content of moisture (4.35%). Vitamin E was highest in
SL (52.96 mg) and ML (56.45 mg) with no significant (p > 0.05) difference. The highest concentration of vitamin A was found
in MIL (22.76 mg), GL exhibited highest vitamin B, (1.47 mg), while SBL was significantly (p < 0.05) higher in vitamin D
(35.08 mg). Phytochemical, proximate, and vitamin contents varied among medicinal leaves. Among the seven leaves, scent,

moringa, and miracle consistently showed the highest concentrations of key phytochemicals, proximate, and vitamin contents.

Keywords: Medicinal leaves, Phytochemicals, Proximate, Vitamins
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Introduction

Meat products warrant the use of preservatives to
minimize early spoilage caused by lipid oxidation and microbial
growth. Over the years, synthetic preservatives have often been
employed for these protective roles in the meat industry, however,
their residual, toxicological, and carcinogenic effects are of great
concern to the health of consumers (Hussain et al., 2019). This
has suggested a shift to the use of medicinal leaves, as natural or
plant-based preservatives owing to their phytochemical properties.
Miranda (2021) defined medicinal leaves as leaves that are directly
used as a part of the preparation for medicine to treat a certain
condition, and in food as an antibacterial and antioxidant agents.
Most of these medicinal plants are outstanding sources of chemical
nutrients (such as protein, fat, and carbohydrate), mineral contents
(calcium, potassium, iron, and phosphorus), and vitamins (A, B,
C, D, and E), which are extremely beneficial to human body
(Contini et al., 2014). In addition, medicinal leaves consist of
arrays of bioactive compounds known as phytochemicals such
as phenols, alkaloids, flavonoids, tannins, and saponins, which
possess antioxidant, antimicrobial, anticancer, and antimutagenic
properties (Aminzare et al., 2019; Falowo et al., 2014).
Interestingly, medicinal leaves have been explored in the treatment
of diverse disease conditions by many traditional medical
specialists in Nigeria (Aborisade et al., 2017), and in the
pharmaceutical industry as part of the preparation of some medical
pills due to their phytochemicals (Wu et al., 2011).

Moringa (Moringa oleifera), a member of the
Moringaceae family, has been traditionally used to cure wounds,
pain, ulcers, liver disease, heart disease, cancer, and inflammation
(Gopinath et al., 2017). Scent leaves (Ocimum gratissimum), a
member of Lamiaceae family, have been used to treat a variety
of conditions such as aches, fever, asthma, inflammation, anemia,
diarrhea, fungal, and bacterial infections (Shedoeva et al.,
2019). Bryophyllum pinnatum (miracle leaf), which belongs to

the Crassulaceae family, has been used to treat ear infections,

ulcer, cancer, cough, dysentery, blennorrhoea, syphilis, jaundice,
candidiasis, dysmenorrhoea, external ulcers, burns, and
convulsions (Akinpelu 2000). Hospital-too-far leaf (Jatropha
tanjorensis) belongs to the family Euphorbiaceae, and it is known
to show hematological, anti-malarial, antimicrobial,
hypoglycemic, hypolipidemic, and antihypertensive activities
(Ijoma et al., 2023). Lemongrass leaf (Cymbopogon citratus),
belongs to the Poaceae family (Kiani et al., 2022) and the
“citratus” indicates that it is a rich source of citric and ascorbic
acids (Shah et al., 2011); it is often used in weight management
and to lower cholesterol. Stonebreaker leaf (Phyllanthus niruri),
amember of Euphorbiaceae, helps inhibit the formation of kidney
stones (Jiraungkoorskul 2022). It is also used in the treatment of
liver and kidney diseases, fever, jaundice, prostate issues,
menstrual and uterus problems (Origbemisoye et al., 2025). Guava
leaf (Psidium guajava) which belongs to the Myrtaceae family,
is utilized in treating diarrhea, diabetes, stomach aches,
gastrointestinal, and respiratory issues (Sahal et al., 2025).

The contribution of these medicinal leaves to the health
status of humans cannot be over emphasized (Aborisade et al.,
2017). While the individual properties of some of these leaves
are known, a direct comparative study of their properties as
potential meat preservatives is lacking. Therefore, this research
evaluated the phytochemical, proximate, and vitamin compositions
of selected Nigerian medicinal leaves that can be used as natural

preservatives.

Materials and methods

Study Site

This study was carried out at the Faculty Scientific
Laboratory, Faculty of Agricultural Production and Management,
Department of Animal Science, Osun State University, Nigeria.
The experiment was conducted during the rainy season (March

— June, 2025) to ensure that fresh leaves were harvested.
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Sample collection (Medicinal leaves)

100 g of each medicinal leaf: Moringa oleifera (moringa
leaves — ML), Bryophyllum pinnatum (miracle leaves — MIL),
Phyllanthus niruri (stonebreaker leaves — SBL), Cymbopogon
citratus (lemongrass — LG), Jatropha tanjorensis (hospital-too-
far leaves — HL), Ocimum gratissimum (scent leaves — SL), and
Psidium guajava (guava leaves — GL) were sourced from in and
around Ejigbo, Osun State, Nigeria, and the samples were

collected on the 17" of March, 2025.

Identification of leaves
Selected leaves were botanically identified and

authenticated using www.theplantlist.org and www.

worldfloraonline.org. Furthermore, the final verification of the

selected leaves was done at the Department of Botany, Faculty
of Science, Obafemi Awolowo University. The verified leaves
were assigned identification numbers as follows: B. pinnatum:
IFE— 18424, C. citrate: IFE — 18425, J. tanjorensis: IFE — 18426,
M. oleifera: IFE - 18427, O. gratissimum: IFE — 18428, P. niruri:
IFE — 18429, and P. guajava: IFE — 18430. The leaves were then
deposited at IFE Herbarium, Department of Botany, Obafemi

Awolowo University, Osun State, Nigeria.

Sample preparation

The sourced medicinal leaves were thoroughly washed
with clean water, shade-dried on a tarpaulin for 7 days at room
temperature (24 °C), with the humidity of the room at 45%, and
the medicinal leaves were turned on alternate days to prevent
fungal growth. After drying, each leaf was blended with the aid
of an electric blender (8000-watt Kenwood multifunction
commercial grinder blender, made in Germany). The leaves were
kept in clean, dry, air-tight containers, and labelled accordingly.
Thereafter, they were stored at room temperature prior to analysis

(Adeyemi et al., 2013).

Phytochemical analysis

40 g of each powdered treatment was packaged into an
air-tight container to determine the saponins, tannins, flavonoids,
alkaloids, and polyphenols content on a dry weight basis, and

this was done in triplicates (n = 3).

Determination of polyphenols

This was determined according to the modification of
Ayoola et al. (2008). Powdered sample (0.5 g) was dissolved in
methanol (I mg/ml). An aliquot of 0.5 g of each plant sample (1
mg/ml) was mixed with 5 ml of Folin-Ciocalteu reagent, which
was previously diluted with distilled water (1:10 v/v). The mixture
was slightly shaken and allowed to stand at 22 °C for 5 min.
Then, 4 ml (75 g/1) of sodium carbonate (Na2C03) was added,
and tubes containing the mixtures were allowed to stand for 30
minutes at 40 °C to develop a colour. Absorbance was then read
at 765 nm using a UV spectrophotometer (Shimadzu, Japan).
Results were expressed as Gallic acid equivalent in mg of dried

sample (10-100 mg/ml). All samples were analyzed in triplicate.

Determination of total flavonoids

The total flavonoid contents were determined using the
Aluminum chloride colorimetric method (Ordonez et al., 2006).
A volume of 0.5 ml of 2% aluminum trichloride ethanol solution
was added to 0.5 g of sample solution. After one hour at room
temperature, the absorbance was measured at 420 nm using a
UV spectrophotometer (Shimadzu, Japan). The appearance of a
yellow colour indicated the presence of flavonoids. Total

flavonoid content was calculated as quercetin equivalent (mg).

Determination of total alkaloids

This was done according to the standard method
described by Hassan et al. (2020). 200 ml of 10% acetic acid in
ethanol was added to 5 g of each plant sample. The mixtures

were covered and allowed to stand for 4 hours. The solutions
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were decanted and filtered, and the extracts were further
concentrated in a water bath until one-quarter of the original
volume was obtained. Concentrated ammonium hydroxide was
added dropwise to the concentrated mixture until the precipitation
was complete. The precipitate was collected and washed with
dilute ammonium hydroxide and then filtered. The residue was
dried in an oven at 50 °C, until a constant weight is achieved.

Thereafter, the residue was weighed (mg).

Determination of total tannins

50 ml of distilled water was added to 0.5 g of the
powdered sample and shaken for 1 hour in a mechanical shaker.
The obtained solution was filtered into a 50 ml volumetric flask
and made up to the mark. Five mililiters of the filtrate was pipetted
into a test tube and mixed with 2 ml of 0.1 M ferric chloride in
0.1 N hydrochloric acid and 0.008 M potassium ferrocyanide.
The absorbance was measured at 220 nm within 10 min following

the procedures and modifications of Ayoola et al. (2008).

Determination of total saponins

A total of 100 cm’ of 20% aqueous ethanol was added
to 20 g of each plant sample. The samples were heated at 55 °C
for 4 hours with continuous stirring. The mixture was filtered
and the residue re-extracted with 200 ml %20 ethanol. The
combined extracts were reduced to 40 ml over a water bath at
about 90 °C. 20 ml of diethyl ether was added to the concentrates
and shaken vigorously. The aqueous layer recovered was further
purified by adding 60 ml of n-butanol. The combined n-butanol
extracts were washed twice with 10 ml of %5 aqueous sodium
chloride and heated in a water bath. After evaporation, the samples
were dried in the oven to a constant weight and the saponin
content was calculated thus: ) where: WCS: Weight of crude
saponin; WPM: Weight of plant material (Obadoni and Ochuko
2002).

Proximate evaluation

A total of 20 g of each sample was evaluated for crude
protein, ash, fat, crude fiber, and moisture content according to
AOAC (2015).

Crude protein was determined from total organic
nitrogen using the macro-Kjeldhal method. Fat content was
determined by extracting 2 g of each sample with petroleum ether
for 12 hours. The extract was reduced to half by evaporation and
dried at 105 °C until a constant weight was obtained. For the
crude fiber, 1 g of the extract of each sample was added to 3 mL
of HZSO4 followed by addition of 17 mL of hot 1.25% HZSO4.
The solution was boiled for 30 minutes, allowed to cool, and
filtered through filter paper under gravity. Insoluble residue was
washed with hot water to remove the acid. A total of 3 mL of
0.313 M NaOH was added to the residue followed by addition
of 17 mL of hot 0.313 M NaOH. The mixture was shaken for 30
minutes and passed through filter paper under gravity. The residue
was washed with 1% HCI followed by washing with boiling
water until no residual acid was present in the final filtrate. The
residue was washed with ethanol and ether before drying at 100
°C. Fiber content was calculated by dividing the loss in weight
of the sample by the weight of the sample. For the ash, 2 g of the
sample was weighed into a porcelain crucible. This was
transferred into the muffle furnace set at 550 °C and left for about
4 hours, until it turned to white ash. The crucible and its content
were cooled to about 100 °C in air, then to room temperature in
a desiccator and weighed. Moisture content was determined by
drying 2 g of each sample in pre-weighed crucible at 105 °C for

24 hours.

Vitamin determination

A total of 20 g of each sample of medicinal leaf was
assessed for vitamin compositions. Vitamin A was done according
to the method of Onyesife et al. (2014). Briefly, 1 g of each leaf

was macerated with 20 mL of petroleum ether. The solution was
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incubated for 2 hours, filtered, and evaporated to dryness, and
0.2 mL of chloroform-acetic anhydride (1:1 v/v) was added to
the residue. Thereafter, 2 mL of 30% TCA chloroform was added
to the mixture and absorbance was measured at 620 nm using a
UV-3000PC spectrophotometer. Retinol standard was prepared
in similar fashion. The concentration of vitamin A in the sample
was estimated from the standard curve using the equation: Y=
0.001x + 0.0008, R* = 0.9969, and expressed as mg/100 g DW.

Vitamin B1 was evaluated according to the method
highlighted by Okwu and Josiah (2006). A total of 5 g of each
sample was homogenized with ethanolic sodium hydroxide (50
ml). It was filtered into a 100 ml flask. 10 ml of the filtrate was
pipette and the colour developed by addition of 10 ml of potassium
dichromate and read at 360 nm. A blank sample was prepared
and the colour was also developed and read at the same
wavelength.

Vitamin D was carried in accordance with the procedure
of Ayyash et al. (2016). 2.5 IU/gm Ergocalciferol was dissolved
in ethanol, and filtered through (0.45um) Whatman filter paper,
then passed through a Millipore Syringe filter 0.22 pm for HPLC
analysis. (20 ul, 2.5 TU/gm) standard material of pure vitamin
D2 (Ergocalciferol) was injected and measured at reference
conditions to set and fix the real retention time (RT), then 20 ul
of extracted plant sample was injected and measured at the same
conditions. Separation Conditions were; Acetonitrile: Methanol
(25 :75 ml) as an isocratic mobile phase, column C18-ODS (25
cm x 4.6 mm x 5 pum) with 20 pl injection volume, and 1 ml/min
flow rate at 30 °C through 265 nm wave length UV detector
spectrophotometer

Vitamin E was estimated using the procedure of Njoku
etal. (2015). A known weight, 1 g of each sample was macerated
with 20 mL of ethanol. The solution was added to 100 pL of
0.2% ferric chloride in ethanol and 1.0 mL of 0.5% to make the
solution up to 5 mL. Absorbance was measured at 520 nm using

a UV-3000PC spectrophotometer. The concentrations of the

standard solutions ranged from 10 to 100 pg/mL. The
concentration of vitamin E in the samples was estimated from
the standard curve using the equation: Y = 0.0086x - 0.0216,
R’=0.9985. The vitamin E content in the samples was expressed

as mg/100 g DW.

Statistical analysis

A completely randomized design (CRD) was used in
this study. All data were subjected to one-way analysis of variance
(ANOVA) at the p < 0.05 level of significance. Means were
compared using Duncan Multiple Range. The SPSS computer
software (IBM, SPSS statistics, Chicago, U. S. A.) was used for

all statistical analysis.

Results

A total of seven medicinal leaves, namely: stonebreaker
leaves (SBL), guava leaves (GL), scent leaves (SL), moringa
leaves (ML), lemongrass leaves (LG), Hospital-too-far leaves
(HL), and miracle leaves (MIL) were selected for phytochemical
analysis. Flavonoids, saponin, alkaloid, steroid, phenols, and
tannin were assessed. The result show that SL, ML, and MIL had
the highest proportion of flavonoids with no significant (p > 0.05)
difference. The least proportion of flavonoids was observed in
SBL. SL (98.55 mg) and MIL (98.78 mg) exhibited the highest
concentration of phenols, followed by GL and ML, with no
significant (p > 0.05) difference. ML (36.13 mg) and MIL (37.55
mg) revealed the highest values of saponin with no significant
(p>0.05) difference, followed by SL, while the least values were
recorded in SBL. The highest concentration of steroid was
observed in GL (49.06 mg) and SL (52.16 mg) with no significant
(p>0.05) difference. SBL (24.13) and ML (28.33) were observed
to perform as the second best in concentration, with no significant
difference. The highest value for alkaloid was discovered in ML

(8.04 mg). The proportion of alkaloids in the selected medicinal
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leaves followed this trend: ML > SL > MIL > SBL > GL > HL
>LG. GL had the highest amount of tannin, while SBL had the
least proportion.

For proximate composition, crude protein, ash, fat,
crude fiber, and moisture content of the selected medicinal leaves
were evaluated. The highest values for crude protein were
obtained in SL (21.13%), HL (21.78 %), and MIL (22.68%) with
no significant (p > 0.05) difference. The least crude protein was
observed in LG (7.33%). The highest amount of ash was noted
in HL, and the least value were recorded in SL and ML, with no
significant (p > 0.05) difference. The least fat content and crude

fiber were observed in GL. MIL had the highest fat content, while

the least moisture content was observed in HL; however, there
is no significant (p > 0.05) difference observed between SBL and
GL. The result for the vitamin A composition shows that MIL
(22.76 mg) is significantly (p < 0.05) higher, followed by ML
(20.51 mg) while the least was recorded in SBL (14.28 mg).
Vitamin B1 content ranged from 0.38—1.47 mg, with the highest
recorded in GL and the lowest in SBL; however, SBL displayed
the highest vitamin D, followed by ML and MIL. Vitamin E
content ranged from 12.69-56.45 mg, with SL and ML higher,
with no significant (p > 0.05) differences. SBL and MIL had the
second largest proportion of vitamin E, with no significant (p >

0.05) differences.

Table 1. Phytochemical, proximate, and vitamin composition of selected Nigerian medicinal leaves.

PARAMETER SBL GL SL ML LG HL MIL SEM
Flavonoids (mg) 28.39° 40.12° 72.46 75.03" 31.39° 36.39" 72.64 3.78
Polyphenol (mg) 56.77" 79.30° 98.55" 82.12° 62.20° 51.66" 98.78" 3.99
Saponin (mg) 15.16° 20.14° 28.77° 36.13° 17.95¢ 17.95 37.55° 1.92
Steroid (mg) 24.13° 49.06° 52.16° 28.33" 16.27° 21.79° 15.07 3.13
Alkaloid (mg) 6.32° 5.68° 7.75° 8.04" 4.88¢ 537" 7.55° 0.26
Tannin (mg) 9.54" 96.93" 72.36° 42.60° 35.68° 50.09° 72.65° 5.97
CP (%) 15.21° 10.18° 21.13° 18.09° 7.33¢ 21.78" 22.68" 1.33
Ash (%) 9.02° 4.80° 2.19" 2.64" 6.05° 11.86" 8.42° 0.73
Fat (%) 4.30° 0.89° 3.00° 1.65° 2.99° 3.92° 5.61° 0.34
CF (%) 13.01° 3.83" 8.51" 2.16° 4.45° 8.03¢ 7.14° 0.75
MC (%) 6.35° 6.37° 6.00° 4.97° 6.94° 435" 7.91° 0.25
Vitamin A (mg) 14.28" 16.28° 18.75° 20.51° 12.73¢ 15.21° 22.76" 0.75
Vitamin B (mg) 0.38° 1.47" 1.29° 0.96° 0.86° 1.09° 1.14° 0.07
Vitamin D (mg) 35.08" 18.71° 21.80" 24.81° 18.17° 15.21" 22.76° 1.34
Vitamin E (mg) 48.65" 34.59° 52.96" 56.45° 12.69° 32.19° 4421° 4.26

Note: Means with different superscripts (a, b, ¢, d, ¢, f) in the same row are significantly different (p < 0.05).

Abbreviations: SBL — stonebreaker leaves, GL — Guava leaves, SL — Scent leaves, ML — Moringa leaves, LG — Lemongrass leaves, HL — Hospital too

far leaves, MIL — Miracle leaves, SEM — Standard error of means, CP — crude protein, CF — crude fiber, and MC — moisture content.
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Discussion

Phytochemicals are non-nutritive plant chemicals that
are believed to reduce the risk of several diseases or exert
protective actions (Kiani et al., 2022). Phytochemical properties
such as tannins, saponins, steroids, polyphenols, and flavonoids
were evaluated in this study. The findings revealed that SL, ML,
and MIL were significantly higher in flavonoids with no
significant (p > 0.05) difference. Flavonoids are majorly known
for their antioxidant action, and their outstanding presence in SL,
ML, and MIL indicates that these leaves have the potential to
reduce lipid oxidation in meat products (Lawal et al., 2021). The
antioxidative role of flavonoid is exerted by scavenging free
radicals, chelating metal ions, or inhibiting enzyme systems that
produce free radicals (Pizzino et al., 2017). This indicates that
meat products fortified with SL, ML, and MIL are likely to have
an extended shelf life by retarding oxidation. Also, the
incorporation of these leaves into meat products can preserve
and improve the health of consumers by lowering cholesterol,
blood pressure, and heart disease (Le Marchand 2002; Daniel et
al., 2020). Flavonoids also exhibit antimicrobial effect by
disrupting cell membranes and interfering with enzyme systems
(Yu et al., 2021). The combined antioxidant and antimicrobial
actions of flavonoids present in SL, ML, and MIL make these
leaves recommendable as natural preservatives in meat products.

Both flavonoids and phenols have similar antioxidative
functions, and they are the most abundant compounds in the
medicinal leaves evaluated in this study, which corresponds with
the finding of Dreosti (2000). Yu et al. (2021) stated that phenols
are recognized as the most important bioactive compounds in
plant-based food preservatives. SL and MIL were outstanding
sources of phenols with no significant (p > 0.05) difference. As
aresult of their phenolic content, SL and MIL have the potential
to trap and eliminates free radical and inhibit cyclooxygenase

and lipoxygenase enzymes, which are the main causes of rancidity

in meat products (Embuscado 2015). ML and GL ranked as the
second-best in phenol content, which signals the antioxidative
potential of moringa and guava leaves. Beyond preservative role
of phenols in SL, MIL, ML, and GL, they are likely to play a
vital role in the colour, flavour, and taste (astringency) of meat
products (Swanson 2003). SL is often used as spices because of
its distinct flavour, enhancing its culinary usefulness (Edo et al.,
2023).

ML and MIL have been proven to be the richest sources
of saponin, while SL ranked as the second-best. According to
Alietal. (2011), saponin is a key bioactive compound responsible
for the reduction of cholesterol and inhibition of microbial growth.
Incorporation of ML, MIL, and SL into meat products has the
latent quality of reducing its cholesterol content and microbial
load. These leaves can disrupt microbial membranes and inhibit
enzymatic actions (Sheriff et al., 2019). Likewise, steroids are
also known for their ability to lower cholesterol, although it is
often under-discussed, their contribution to functional quality of
food cannot be jettisoned (Sultan and Rauf-Raza 2015). This
research revealed, GL and SL as outstanding sources of steroids.
The presence of phytosterol in plants like GL and SL enabled
them to lower cholesterol content in meat products (Marwat et
al., 2005).

Tannins are bioactive compounds that enhance
antimicrobial and antioxidant activities (Mazid et al., 2011). GL
has an excellent amount of tannin, while SL and MIL ranked
second in tannin concentration. Daniel et al. (2020), Ayoola et
al. (2020), and Okonwu et al. (2020) respectively obtained lower
values of 4.98 mg/g, 12.07 mg, and 6.110 mg as tannin content
in ML. This could be attributed to differences in developmental
stage, geographical location, season of harvest, and method of
extraction of bioactive compounds (Gopalakrishnan et al., 2016).
Moreover, variation in phytochemical contents is a major concern
as there is no standard value for any of the bioactive compounds

in medicinal leaves (Yu et al., 2021). Aside from the antioxidant
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and antimicrobial activity of tannin in GL, its ability to lower
blood pressure is a focal point in health-focused meat products.
However, Chung et al. (1998) reported that high tannin in food
products can flocculate protein, resulting in lower nutritional
value, which may be further validated when GL is incorporated
into meat products. Plants that contain alkaloids and their
derivatives are gaining attention in health and meat industry.
According to Othman et al. (2019), alkaloid is a useful ingredient
in meat industry because of its antibacterial activity, and the
ability of alkaloids to interact with microbial DNA has been
highlighted as a key mechanism for its antimicrobial action. ML
is a promising antimicrobial plant due to its high content of
alkaloids. Also, SL is likely to offer an effective antimicrobial
role because it ranked second in its content of alkaloids.

Antioxidants and antimicrobial actions of these
medicinal leaves make them promising candidates in food
preservation, especially in meat industry (Teshome et al., 2022).
The use of these medicinal leaves, especially SL, ML, MIL, and
GL as preservatives represents a viable and suitable domestic
approach (Ferreira et al., 2022) for salvaging losses in meat
industry, as most of these natural plants are easily found in
residential areas. This suggests that, natural preservatives are
cheap substitutes to synthetic preservative or lab-created
counterpart. Awad et al. (2022) added that the use of natural
preservatives is an exploration of green, non-toxic, non-costly,
sustainable, economical, eco-friendly, and healthy additives in
meat products, which aligns with the current trend of “clean
label” in meat industry, that is, meat products that are void of
artificial additives (Cegielka 2020).

These medicinal plants could also be a source of protein,
and in combination with animal protein such as meat, may result
in an increase of nutritional value of the meat products (Ayoola
et al., 2020). The highest crude protein was detected in HL, SL,
and MIL with no significant (p > 0.05) difference. There is a

possibility of increased protein content when HL, SL, and MIL

are used as natural preservative in meat products. ML ranked
second in its content of crude protein, which supports the
documentation of Gopalakrishnan et al. (2016) that moringa is
a storehouse of macro and micronutrients. The authors obtained
27.1% as protein content in leaf powder, 29.4% in dry leaf, and
6.7% in fresh moringa leaf, which implies that the state of
medicinal leaves can affect their nutritional components.
According to Contini et al. (2014), most medicinal leaves are
outstanding sources of chemical nutrients such as protein,
carbohydrate, and fat. Fat content in medicinal leaves determines
the quality of oil that they produce, which plays an important
role in nutrition (Karaca and Aytac 2007). The highest fat content
was observed in MIL followed by SBL and HL with no significant
differences. This indicates that MIL, SBL, and HL are likely to
produce quality oils, and these oils offer antioxidant and
antimicrobial properties (Wang et al., 2017), which are helpful
in building arsenal against meat spoilage. Also, when MIL, SBL,
and HL are included in meat products, their fat contents is likely
to increase palatability by absorbing and retaining flavour (Anita
et al., 2006).

Ash content reflects the amount of mineral content
present in a leaf (Aborisade et al., 2017), and it can be used to
judge the purity and quality of plants. Young leaves tend to have
low ash content, while older leaves usually have a higher amount
(Liu 2019). The highest ash content was observed in HL, while
the least ash contents were detected in ML and SL with no
significant difference. The value obtained for ash content in SL
aligns with 2.24% obtained by Essen et al. (2025). Previous
researchers noted that fiber in medicinal leaves improves the
quality characteristics of meat products (Han et al., 2020). Crude
fiber peaked in SBL, which signals that incorporation of SBL in
meat products will likely increase its quality by improving texture,
water holding capacity, and juiciness. Also, inclusion of medicinal
leaves that are high in fiber into meat products makes them a

source of dietary fibers, which lowers serum cholesterol, heart
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disease, hypertension, diabetes, breast cancer, and most
importantly constipation (Ishida et al., 2000). SL (8.51%) ranked
second in its fiber contents, and the value obtained in this study
is highly consistent with 8.51% obtained by Olufayo etal. (2021)
and 8.93% reported by Adedoyin et al. (2023). Hence, SL can
be said to be hypocholesteremic because of its rich fiber content,
which is further supported by its rich content of saponin and
steroid, which are also hypocholesteremia in nature.

High moisture content in leaves accelerates microbial
proliferation, indicating that the life span of such leaf will be
short (Aborisade et al., 2017). The least moisture content was
observed in HL, which emphasizes long shelf life and low
microbial activity in the leaf, which is an advantage when added
into meat formulation. There is no significant (p > 0.05) difference
observed in the moisture content of GL and SBL. The value
obtained in this research aligns with the work of Origbemisoye
et al. (2025), who reported 6.03% as moisture content in SBL.
SL displayed a moderate amount of moisture content, which is
lower than the values of 8.12% and 13.36% obtained by Essen
et al. (2025) and Adedoyin et al. (2023). This variation could
result from geographical location, climatic conditions, variety of
scent leaves used, method of extraction, and developmental phase.

According to Han et al. (2020), natural or medicinal
leaves possess excellent antimicrobial and antioxidant function
due to organic acids, pigments, and vitamins they contain
(Catarino et al., 2017). Vitamins derived from plants are of great
interest because their impact on human health cannot be
undermined, since vitamins cannot be synthesized in the body
(Asensi-Fabado and Munne-Bosch 2010). Plant vitamins contain
molecules with a low reduction potential that can donate electrons
or hydrogen atoms, thereby preventing the oxidation of other
molecules (Alum et al., 2023). Medicinal plants contain arrays
of vitamins with strong antioxidant potential, which includes
both the water-soluble (B) and fat-soluble (A, E, and D)

compounds (Asensi-Fabado and Munne-Bosch 2010). From this

study, medicinal leaves are rich sources of vitamin E, as the
values obtained ranged from 12.69 - 56.45 mg. The highest
vitamin E was observed in SL and ML with no significant (p >
0.05) difference. This was also observed by Nwankwo et al.
(2014), who reported that SL is a rich source of vitamin E,
although, they obtained a lower value of 31.46 mg. Since vitamin
E is an antioxidant vitamin, it is likely to synergize with the
phytochemical components (flavonoids and phenols) of the leaves
to retard rancidity in meat products, especially when SL and ML
are used. MIL and SBL had the second largest amounts of vitamin
E with no significant (p > 0.05) differences. This shows that SL,
ML, MIL, and SBL have the capacity to protect meat products
from harmful free radicals which are responsible for oxidation
(Su and Chen 2020).

It was noted by Moyo et al. (2011) that vitamin E helps
to increase the storage of vitamin A in the body. Vitamin A is
also an antioxidant vitamin, and its precursor carotenoids can
also act as an antioxidant (Asensi-Fabado and Munne-Bosch
2010), which supplies a protective layer against oxidation
processes. MIL exhibited the largest concentration of vitamin A,
indicating that fortifying meat products with MIL would guard
against lipid oxidation. Also, vitamin A helps improve sight
(Blaner 2020). It can therefore be deduced that MIL will likely
play a dual role when incorporated into meat products; it will
preserve the products and probably improve the health of the
consumer. ML ranked second in vitamin A concentration, and it
was reported by Moyo et al. (2011) that ML is a rich source of
vitamin A, especially when it is in powdery form. Koul and Chase
(2015) established that, ML contained 10 times the amount of
vitamin A in carrot.

GL was identified as an outstanding source of vitamin
Bl,while SL performed as the second-best. Addition of medicinal
leaves, especially GL and SL into meat products, will probably
enhance their vitamin Bl content (Nwachukwu 2018). For vitamin

D, SBL outranked other leaves, while ML had the second largest
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concentration, and MIL was the third-best. Intake of vitamin D
from these sources (SBL, ML, and MIL) is vital to maintain
adequate intake because there are very few foods that naturally
contain vitamin D (Mahapatra et al., 2024). Furthermore, vitamin
D is responsible for calcium and phosphorus homeostasis in the
human body (Mahapatra et al., 2024). Although, further research
is needed to evaluate the actual preservative efficacy and to also
determine the impacts of medicinal leaves on chemical and

sensory properties of meat products.

Conclusion

Medicinal leaves are increasingly becoming the
solution to health, nutritional challenges, and losses of meat
products due to their phytochemical and chemical components.
This study successfully characterized the phytochemical,
proximate, and vitamin profiles of seven Nigerian medicinal
leaves, identifying scent, moringa, and miracle leaves as the most
promising candidates for use as natural meat preservatives. Their
high content of bioactive compounds suggests they could be
valuable ingredients for the meat industry, although further
research is required to validate their actual efficacy, safety, and

impact on sensory properties in meat products.
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Abstract

Recently, lateral flow immunochromatographic assay (LFIA)-based brucellosis test kits have been imported into
Thailand. These kits offer simplicity and rapid results, making them potentially valuable tools for facilitating goat trade while
preventing disease transmission. However, their diagnostic performance has not yet been evaluated. This study assessed the
sensitivity, specificity, and diagnostic agreement of a commercial LFIA-based test kit for brucellosis detection in goats by
comparing the results with those obtained from validated laboratory diagnostic methods, which served as the reference
standard. A total of 275 goat serum samples were analyzed using a commercial LFIA-based test kit. The results from the
Rose Bengal test and microtiter plate agglutination test previously performed at the Kamphaeng Saen Veterinary Diagnostic
Center, Faculty of Veterinary Medicine, Kasetsart University, served as references to evaluate the performance of the test
kit. Based on the analysis of the commercial LFIA-based test Kit, its sensitivity and specificity were 86.10% and 90.91%,
respectively. In addition, its Cohen’s kappa coefficient of 0.731 indicated a substantial level of agreement with the laboratory
test results. Therefore, the commercial LFIA-based test kit could be recommended as a screening tool for brucellosis in goats,

particularly in situations where immediate results are required.

Keywords: Brucellosis, Lateral flow immunochromatography, Antibody detection, Goat

Journal of Applied Animal Science 2026;19(1):37-45.



38 Journal of Applied Animal Science Vol. 19 No.1 January-June 2026

Uszansmmvesgansivduylulasniansiyiialvaluuuasiy

Tumsasreriweuaveanalsaugivaladaluuny

Aa dAa 1 ¥ a da A di) ¢ A 2 a a A a 4
NEB) WIANYY', DUAYT 1AaNSNIA", algmayan Way’, wsta wiyhavdail’,
d a (Y] ad (Y] a d a a (9] *
539951 193QYADA’, HININIIBG Yaain™, 403 neswdn’, Hes sAUIN’

Tsanegnadad amInendunuasman’ fumanau o.fumanay 2.unsgn 73140 Uszinalng
aazdaiunnemani amINedunpasmans 1vARINs NFINNAIINAS 10900 Uszimalne
‘pifin Sume ST unua inua3 1503 0.0819 2.91A 83110 Uszma'lng

‘madndmummemnsaguman’ aasdaaunnemans smInandunyasman’ o.fuwanay
2.unsgn 73140 Yszmalne

smadnnymaninaiingailvauazdaith aszdnummemans uwidnendunyasmans
o.Munanay 2.unsgn 73140 Uszimalng

B:f VAATOUUNAIN E-mail address: fvetnor@ku.ac.th

Received: 30 September 2025; Revised: 4 December 2025; Accepted: 10 December 2025
YA
unnege

v
=

(v ' T 14 s XK | & A AKX . A Ty
quﬂ‘nﬂ’di’)‘lJﬂQﬂﬁ13uﬂluﬂﬂuﬂ1ﬂq\iﬂ1ﬂ!!ﬁ$TIiT]JNﬁulﬂ‘i'Jﬂ!i'J mmmﬂmmmmmaaﬂsziﬂw”lumi%-ﬂmmmz iﬂﬁl"lllﬂﬂ

ee

Y a 1 1 & (Y] 1 [ 1 a a A aa o = :’J n:du Jd
TRamsunsnsznelsn edndlsimuganagevasnandshignlszdiulszansmwlumsitads msanuadaiiitnglsyasn
4 a o aa o a a d § a o
medszidiumnnuly anuduwz sazanuaeandedlumsiedavesanaaeuFindrdilimaiindinailumsnsie
aa o a = () Y a wa d‘ & as =3 dw Y o a d
Fhadelsavgralagaluung laanSauiguiusamsasennveslfiamsidiisinasg iy msanmitlammsinnzs
1Y) \ 4Q‘J o [y \ Y a B A a a d Vv
f0e9B v Nz 11U 275 e agldganageudnylulasanlannilyiialnalumnnudandyd sazlinamsasie
A (Y] d o o do (9] d
@875 Rose Bengal test 500U microtiter plate agglutination test mngluﬂmugmiiﬂammuwmau AUSANIUNNYAIANT

'
ady a )

a LY d a a Aa a d a a d
urIngaamnuasmans 113591999 !W’E'J‘l.]‘iZluuﬂ‘i%ﬁﬂﬁﬂ”l‘wsllﬂfi‘gﬂﬂﬂﬁ@ﬂ Nﬁﬂ153!?’!518‘“7‘]Ui]‘ljﬂ‘i’lﬂﬁﬂﬂ!‘lﬁw1m%ﬂ

ISP

' 1 o 'dlil b4 oW ' v a Qé 111'
ﬂiﬂ’JNﬂ1ﬂ'JHJ\I'J!!ﬁ%ﬂ]ﬂ?]u‘%1lw1$®§ﬂiﬂﬂﬁ$ 86.10 tlaz3ivgay 90.91 MUY mauﬂszamimammﬂﬂmg‘n 0.731

¢

< A 4 4 ' [y 4 a wva VR a A da o Y o A
“lﬁﬂﬂilnjﬂﬂﬁilﬂﬂlﬁﬂﬂﬂﬂﬂﬂﬂﬂ@i’)fﬂ\ﬁﬂﬂﬂUNﬁﬂﬂﬁi’)ﬂﬂNﬁi‘Nﬂﬂ‘Uﬂi'ni muwgﬂwﬂaauwewm‘mummimu1"llﬂfmemm
A

kNl

[ & Y o [ a 4 A (Ao & ¥ | L
i’)ﬂﬂﬂiEN!‘]Ji’Nﬂ‘I-!E’ﬂ?ﬁ‘ﬂﬂ1§ﬂ§'3‘i]1‘i1iiﬂﬂ§!“liﬂiﬁ“lﬁﬁalullwgulﬂ iﬂﬂ!‘ﬂW1$ﬂ€lNﬂ\‘ﬂHﬁﬂ1uﬂ1§ﬂ!°ﬂiﬂ!ﬂuﬂﬂQ‘VlﬁnJNai’)EJN!ﬁ\iﬂ'JH

Do

gy Tsaugiraladd duylulasuTanslata valunuisiu msasianuouaued ung

Journal of Applied Animal Science 2026;19(1):37-45.



Journal of Applied Animal Science Vol. 19 No.1 January-June 2026 39

Introduction

Brucellosis is a significant infectious disease in the
livestock industry and a serious zoonotic illness caused by various
species of the Brucella genus (Khan and Zahoor 2018). It affects
a wide range of animal hosts, including goats, sheep, cattle, and
dogs (Qureshi et al., 2023). In animals, brucellosis primarily
impairs reproductive function, potentially resulting in abortion
or reproductive failure. In humans, it manifests as a severe and
debilitating illness (Pal et al., 2020). The disease contributes to
significant impacts on the economy and on veterinary and human
healthcare systems globally, particularly in developing countries
(Pal et al., 2020; Khurana et al., 2021; Khoshnood et al., 2022).
Therefore, investigating the epidemiological distribution of
brucellosis is essential for developing evidence-based measures
to control and prevent disease spread (Smits et al., 2003; Irmak
et al., 2004; Zhang et al., 2018; Ghanbari et al., 2020; Dadar et
al., 2021).

Effective control of brucellosis requires a well-defined
strategy in which reliable diagnostic methods constitute a
fundamental component (Khurana et al., 2021; Qureshi et al.,
2023). Although bacterial culture remains the gold standard for
diagnosis due to its high accuracy, it is labor-intensive, time-
consuming, and costly (Abdoel et al., 2008; Poester et al., 2010;
Quintero et al., 2018; Qureshi et al., 2023). Serological tests,
including the Rose Bengal test (RBT) and indirect enzyme-linked
immunosorbent assay (iELISA), are extensively used due to their
convenience, reliability, and high sensitivity in detecting
brucellosis (Poester et al., 2010; seri¢-Haraci¢ et al., 2022). These
methods detect antibodies produced in response to Brucella spp.
infection. Following infection, animals produce antibodies against
the pathogen within 5-14 days (Poester et al., 2010). In the
absence of a vaccination program against this disease for goats

in Thailand, antibody detection serves as a practical indicator of

natural exposure or ongoing infection. However, all of these
serological methods require well-equipped laboratory facilities
and skilled personnel. In addition, some are also time-consuming,
which may limit their feasibility under actual field conditions
and impede timely disease control efforts.

Recently, lateral flow immunochromatographic assay
(LFIA)-based test kits have been developed and used as an
animal-side test to detect various animal diseases (Di Nardo et
al.,2021), including brucellosis. LFIA platforms rely on capillary
flow to drive interactions between sample constituents and assay
reagents (Koczula and Gallotta 2016). As brucellosis diagnosis
is predominantly serological, these assays are typically designed
for antibody detection. A positive signal is generated when the
anti-Brucella antibodies in the sample form an antibody—antigen
complex that is subsequently captured by the immobilized
components on the test strip. This method is a convenient and
rapid diagnostic tool that does not require specialized technicians
or laboratory facilities (Poester et al., 2010). Therefore, it can
serve as an additional option for brucellosis screening and support
control strategies.

However, user confidence in selecting these tests may
be undermined by the limited number and variability of study
results on the sensitivity, specificity, and accuracy of brucellosis
antibody LFIA-based test kits (Abdoel et al., 2008; Ahmed et
al., 2016; Gusi et al., 2019). A study with a larger sample size
would provide more reliable results. Therefore, the objective of
the present study was to evaluate a commercial LFTA-based kit
from Shenzhen Lvshiyuan Biotechnology Co., Ltd. (China) for
detecting Brucella antibodies in goats. This particular kit was
selected based on its availability in Thailand, preliminary
validation results, and suitability for use under field conditions,
without any commercial bias. The study aimed to assess the
sensitivity, specificity, and accuracy of the LFIA-based test kit

in goats, compared with laboratory test results.
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Materials and methods

Sample size determination

The required sample size was calculated based on the
estimated sensitivity and specificity of 85.7% and 94%,
respectively, from a preliminary study of 25 samples with known
positive and negative status confirmed by RBT and microtiter
plate agglutination test (MPAT) (unpublished data). Using a
formula for estimating proportions with 95% confidence and 5%
precision, a total of 275 samples were included, comprising 187
positive and 88 negative samples for this study. The experimental
protocol was approved by the Animal Care and Use for Scientific

Research Committee, Kasetsart University (ACKU65-VET-079).

Sample characterization and reference testing

Goat serum samples were selected from those submitted
since 2017 for brucellosis testing at the Kamphaeng Saen
Veterinary Diagnostic Centre, Faculty of Veterinary Medicine,
Kasetsart University, Thailand. RBT (IDEXX Laboratories;
Pourquier Rose Bengal Ag; France) was used as the initial
screening method in the laboratory. Serum was mixed with an
equal volume of antigen on a glass slide and gently stirred for 4
minutes at room temperature. A positive result was determined
by the visual presence of agglutination (WOAH 2016). If the
result was negative, the sample was considered negative for
brucellosis based on the high sensitivity of RBT. However, if
the result was positive, confirmation was performed using the
MPAT. Serum was serially diluted two-fold from 1:10 to 1:1280.
Then, Brucella abortus antigen was added to each well and
incubated at 37 °C for 48 hours. Positivity was defined by the
presence of agglutination at MPAT titers > 1:40 (Bunleupongphan
et al., 2014). Positive and negative controls were performed
whenever a new batch of antigen was introduced.

All samples had been stored at -20 °C. Samples were

classified as hemolyzed or non-hemolyzed based on the visual

comparison of serum color to a reference chart; those exhibiting
pink-to-red discoloration were classified as hemolyzed, while

clear-to-pale-yellow samples were classified as non-hemolyzed.

Lateral flow immunochromatographic assay

The selected serum samples were used in a blind test
using a commercial brucellosis LFIA-based test kit (Shenzhen
Lvshiyuan Biotechnology Co., Ltd.; China), strictly following
the manufacturer’s instructions. Two independent readers
performed the visual assessment under adequate lighting
conditions within 15 minutes of running the test. Positive results
were further classified as either strong or weak positives based
on the intensity of the red strip on the test line (T-line), as
determined by visual observation. A bright red line was defined
as a strong positive, whereas a faint or lighter line, still
distinguishable from a negative result, was considered a weak
positive. In cases of disagreement, a third, senior reader

adjudicated the final result.

Statistical analysis

The commercial brucellosis test kit was compared to
the laboratory results based on calculations of sensitivity,
specificity, accuracy, positive predictive value (PPV), and
negative predictive value (NPV). Cohen’s kappa coefficient was
computed to assess the reliability of the two tests. The Cohen’s
kappa coefficient was interpreted using the criteria proposed by
Landis and Koch (1977). The association between hemolysis and
the occurrence of false-positive and false-negative results was
analyzed using Fisher’s exact test. The relationship between the
intensity of positive samples and their status compared to the
laboratory results was also evaluated using the same method. All
statistical analyses were performed using Stata (version 14;
StataCorp LP; College Station, TX, USA) with a 95% confidence

level.
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Results

The test kit yielded false-positive and false-negative
results in 8 and 26 samples, respectively, when compared to the
reference laboratory methods. Of the 27 weakly positive samples,
22 were positive based on laboratory results, while 5 were
laboratory-negative (Table 1). The performance of the test kit,
compared to the laboratory RBT and MPAT results, is shown in
Table 2. The Cohen’s kappa coefficient of 0.731 (95% CI[0.647,
0.814]) indicated substantial agreement with the laboratory test
results (Landis and Koch 1977).

There were 53 hemolyzed samples out of the 275 total
samples (Table 1). Fisher’s exact test revealed that hemolysis
was not significantly associated with either false-positive results
(p =0.185) or false-negative results (p = 0.795). However, weak
positive results were significantly associated with the occurrence

of false positives (p = 0.003).

Discussion

The LFIA-based brucellosis test kit provided positive
results in eight laboratory-negative samples. These false-positive
results may be associated with bacterial infections, particularly
those caused by bacteria containing O-polysaccharides such as
Escherichia coli and Yersinia spp., (Weynants et al., 1996;
Chenais etal., 2012; Ahmed et al., 2016; Bodenham et al., 2021;
Yin etal., 2021). Cross-reactions may occur between antibodies
from these infections and the cell wall of Brucella spp.,
particularly when lipopolysaccharides are used as antigens in the
testkit. Therefore, it is essential to carefully rule out other Gram-
negative bacteria when a positive result is obtained. These
findings underscore the need for the development of more specific
antigens that can differentiate Brucella spp. from other Gram-
negative bacteria, thereby reducing cross-reactivity and
improving diagnostic accuracy.

Inappropriate samples, such as hemolyzed serum, may
result in false-positive outcomes (Gusi et al., 2019). In the present
study, three hemolyzed samples gave false-positive results.

However, the test kit manual did not mention excluding

Table 1. Diagnostic results from the lateral flow immunoassay (LFIA)-based brucellosis test kit and laboratory tests.

Laboratory test (sample) Total (sample)
Type of sample Commercial LFIA test kit
Positive Negative

Non-hemolyzed Positive 129 5 134
- Strong 109 1 110

- Weak 20 4 24

Negative 22 66 88

Hemolyzed Positive 32 3 35
- Strong 30 2 32

- Weak 2 1 3

Negative 4 14 18
Total 187 88 275
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hemolyzed samples. This aligns with our findings, as Fisher’s
exact test showed no significant association between hemolysis
and false positives. However, to minimize hemolysis during blood
collection, it is crucial to avoid using needles that are too small
and to withdraw blood gently. Collection tubes containing blood
samples require gentle handling. Additionally, prompt sample
processing is essential, as prolonged time at room temperature
significantly increases red blood cell breakdown (Heireman et
al., 2017).

Interestingly, most false-positive samples (5 out of 8)
showed weak positive results. The statistical analysis revealed a
significant association between false-positive results and weakly
positive reactions. Therefore, samples yielding ambiguous
positive outcomes should be classified as inconclusive or suspect,
necessitating re-testing. Ideally, confirmatory testing with a
highly specific method should be performed. To address the
inherent subjectivity in visual reading, establishing a rigorous
color intensity cutoff or a reader device is essential for consistent
and reproducible reading of faint lines (Di Nardo et al., 2021).
However, the practical application of such a standard remains
inherently challenging.

Antibodies against Brucella spp. can be degraded
through stratification, dehydration, and proteolysis when samples
are frozen at -20 °C. This degradation may impair the ability to
detect antibodies in serological tests (Hussein and Ammar 2004).
Some serum samples in the present study were stored at -20 °C
for up to 5 years, while a few may have been exposed to repeated
freeze-thaw conditions. Additionally, bacterial contamination in
serum can accelerate antibody degradation (Hussein and Ammar
2004). The degradation of antibodies in stored serum samples
may partly explain the false-negative results observed in the
present study, thereby reducing the overall sensitivity. To avoid
preservation-related issues, samples should be sterilized using
filtration, aliquoted into multiple tubes, and stored in a

temperature-controlled freezer to prevent repeated freezing and

thawing (Hussein and Ammar 2004). However, the use of fresh
samples may reduce the risk of antibody degradation and
contamination associated with frozen samples and repeated
freeze—thaw cycles during prolonged storage, providing a more
accurate reflection of the evaluated LFIA’s performance. Human
error may contribute to false readings (Kim and Park 2004; Wang
et al., 2020; Colombo et al., 2023). For example, weak positive
results may be misread when interpreted visually, particularly
under poor lighting conditions. To reduce this risk, test results
should be examined in a well-lit environment.

With a PPV of 95.27% and a specificity of 90.91%, a
positive test result is highly reliable for confirming an infection,
supporting the immediate implementation of disease control
measures. The high proportion of positive samples in this study
(187/275, 68%) likely contributed to the elevated PPV observed.
PPV reflects the probability that a positive test result correctly
identifies an individual who is infected. Generally, as the
proportion of positive cases in a population increases, the PPV
also increases, assuming constant test sensitivity and specificity.
Therefore, it is essential to consider the specific population when
interpreting test results.

On the contrary, a negative result may not be entirely
reliable due to the NPV of 75% and the sensitivity of 86%. This
indicates that some infected animals may test negative.
Specifically, among animals with a negative test result,
approximately 75% are truly not infected. Conversely, the
remaining are infected, representing false negative cases. These
missed diagnoses pose a major risk of continued disease
transmission, threatening the health of both the animals and
humans. Therefore, when this kit is used for screening, additional
testing is recommended for negative results to improve overall
diagnostic accuracy, particularly in animals with a high-risk
history. Such supplementary testing is essential for preventing
false negatives, which is crucial for effective disease control

within the herd. Routine monitoring of the herd is also advised.
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Table 2. Performance of lateral flow immunoassay-based brucellosis test kits.

Diagnostic Sensitivity Specificity Accuracy PPV NPV Cohen’s kappa  Reference
test (%) (%) (%) (%) (%) coefficient method
LFIA
86.10 90.91 87.64 95.27 75.47 0.731
(Present study) RBT+MPAT
(81.14,91.06)  (84.90,96.92) (83.15,91.28) (92.07,98.47) (67.28,83.66) (0.647,0.814)
with 95% CI
LFIA
(Shome et al., 80.77 98.53 96.97 84.00 98.17 0.80 RBT

2018)

Note: PPV = Positive predictive value; NPV = Negative predictive value; RBT = Rose Bengal test; MPAT = Microtiter plate agglutination test.

A comparison of the performance of another commercial
LFIA-based brucellosis test kit, reported by Shome et al. (2018),
revealed that the test kit used in the present study had higher
sensitivity but lower specificity and a lower Cohen’s kappa
coefficient (Table 2). However, drawing direct comparisons is
limited by considerable differences in the reference standards
between the studies. The previous study used only RBT, whereas
the present study applied a combination of RBT and MPAT as
reference methods, with positive RBT results confirmed using
MPAT. This change resulted in different sensitivity and
specificity values for the reference methods themselves.
Furthermore, the two studies used different commercial kits and
the type of antigen used in the test kits can significantly influence
their performance and contribute to the observed discrepancies
(Souza et al., 2024).

The test kit used in the present study is applicable to
both serum and whole blood samples. For on-site screening,
whole blood is more convenient. However, it was not possible
to use whole blood samples in the present study. Therefore, further
research may be necessary to evaluate the efficacy of the test kit
with whole blood samples. Although the cost of the test kit is
higher than that of laboratory tests, it is more suitable for field

use, where equipment, specialized personnel, and laboratory

facilities are not available. Additionally, using the test kit on-site
eliminates the need to send samples to a laboratory, thereby
reducing delays caused by transportation time. Furthermore, the
test kit is easy to use and provides results more quickly than
laboratory tests, making it a practical option for disease screening.
Early detection enables rapid decisions to stop and control the

spread of the disease.

Conclusion

The sensitivity and specificity of the commercial test
kit were 86.10% and 90.91%, respectively. Cohen’s kappa
coefficient of 0.731 indicated substantial agreement with the
laboratory test results, based on RBT and MPAT. Therefore, the
test kit could be used as an effective screening tool for brucellosis
in goats in conjunction with other confirmatory diagnostic

methods.
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Delayed Hypocalcemia Post-Parathyroidectomy in a Dog

with Parathyroid Carcinoma

Alisa Saelee"”, Sukanya Manee-in', Wichayaporn Athikanon’, Rungrote Osathanon'

'Faculty of Veterinary Science, Mahidol University, Phuttamonthon 4 Rd., Salaya, Nakhon Pathom, 73170, Thailand
’Talingchan Animal Hospital, Soi Boromratchonnanee 61, Boromratchonnanee Rd., Chim Phli Subdistrict, Taling Chan District,
Bangkok, 10170, Thailand

*Corresponding author, E-mail address: alisa.saelee@hotmail.com

Received: 31 October 2025; Revised: 30 December 2025; Accepted: 6 January 2026

Abstract

Hypocalcemia is considered a common electrolyte abnormality in dogs after parathyroidectomy and usually occurs
within the first 2-4 days postoperatively. The authors describe a case involving an 11-year-old spayed female Chow Chow
dog that presented with decreased appetite and ongoing hypercalcaemia, with an ionized calcium (iCa) level of 2.08 mmol/L.
Computed tomography (CT) revealed enlargement of the left external cranial pole and right internal caudal pole of the
parathyroid glands. Abdominal ultrasound identified multiple small hyperechoic mineralizations in both renal diverticula.
These findings were consistent with primary hyperparathyroidism. Left cranial and right caudal parathyroidectomies were
performed. Histopathological examination revealed proliferation of neoplastic neuroendocrine cells, highly suggestive of
parathyroid carcinoma. ICa levels were monitored daily for 5 days, and no hypocalcemia was detected. However, on the 12"
postoperative day, the dog developed signs of hypocalcemia, including muscle twitching and tetany, and the iCa concentration
dropped from 2.08 mmol/L to 0.6 mmol/L. The patient was treated with 10% calcium gluconate intravenously (1 ml/kg) for
3 consecutive days, followed by oral calcitriol (0.01 pg/kg twice daily) for 7 days. Clinical signs resolved, and ionized calcium
levels increased to the normal range (1.45 mmol/L) within 4 days after initial oral calcitriol treatment. Subsequently, the
calcitriol dose was tapered to once daily for 7 days, then every other day for the next 14 days, and ultimately discontinued
after a total treatment duration of 4 weeks. Two weeks after discontinuation of calcitriol, the ionized calcium level remained

within normal limits (1.26 mmol/L), and no signs of hypocalcemia were observed.

Keywords: Hypercalcemia, Hypocalcemia, Parathyroidectomy, Parathyroid carcinoma
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Introduction

Hypercalcemia is a clinically important metabolic
abnormality in dogs, most commonly associated with neoplasia,
hypoadrenocorticism, chronic kidney disease, or primary
hyperparathyroidism (PHPT) (Coady et al., 2019). Among
these, PHPT is considered an uncommon cause of persistent
hypercalcemia, but it should not be overlooked. PHPT results
from excessive secretion of parathyroid hormone (PTH) by
functional neoplastic or hyperplastic parathyroid tissue, leading
to sustained elevations in ionized calcium (Berger and Feldman
1987).

Persistent hypercalcemia contributes to multisystemic
complications, including polyuria and polydipsia, neuromuscular
weakness, and gastrointestinal upset (Strumpf et al., 2023).
Severe hypercalcemia can lead to cardiac arrhythmias, including
conduction disturbances such as third-degree heart block, and
may contribute to sudden death in rare cases (Wilson et al.,
1974; Dear et al., 2017). Hypercalcemia in dogs can cause
widespread soft tissue mineralization (Hilbe et al., 2000).
These changes can be confirmed by gross and histopathological
examination, both of which significantly worsen prognosis and
highlight the importance of early detection and management. The
outcome of dogs with hypercalcemia is largely dependent on the
underlying cause. Dogs with neoplasia-associated hypercalcemia,
particularly lymphoma, apocrine gland anal sac adenocarcinoma
(AGASACA) (Repasy et al., 2022), and mammary gland tumors
(Russo et al., 2021), generally carry a poor prognosis due to the
aggressive biological behavior of these tumors and the limited
long-term treatment success (Zandvliet 2016; Kohart etal., 2017).
Conversely, dogs with PHPT generally have a favorable prognosis
after surgical treatment with long-term normocalcemia achieved
in most cases (Jores and Kessler 2011; Young and Degner
2023). Human population data indicate that PHPT patients with

a maximum serum calcium concentration = 10.8 mg/dL have

increased mortality and that parathyroidectomy significantly
improves survival in this high-calcium subgroup (Wermers et al.,
2021); however, comparable data defining calcium thresholds or
demonstrating a survival benefit of parathyroidectomy at specific
serum calcium concentrations are lacking in dogs. Nevertheless,
untreated or poorly managed hypercalcemia in PHPT can still
result in irreversible renal damage, reducing overall survival
(Cortadellas et al., 2010; Assadipour et al., 2019).

Although rare, PHPT is a potentially curable disease,
and dogs that undergo successful surgical removal of the affected
parathyroid gland (s) generally have an excellent prognosis
(Young and Degner 2023). Nonetheless, severe postoperative
hypocalcemia is a recognized and common complication
(Erickson et al., 2021; Travail et al., 2025).

Hypocalcemia is a clinically significant electrolyte
disturbance in dogs and can arise from a variety of underlying
conditions. It is most commonly associated with critical illness,
acute kidney injury, eclampsia, certain toxicities, protein-
losing enteropathy, and hypoparathyroidism (either primary
or secondary to parathyroidectomy) (Holowaychuk et al.,
2012; Coady et al., 2019; Gagliardo et al., 2020). Importantly,
hypocalcemia can also occur following parathyroidectomy for
primary hyperparathyroidism. In such cases, chronic suppression
of normal parathyroid tissue due to persistently elevated
circulating PTH concentrations may impair the ability of the
remaining glands to restore normocalcemia postoperatively (Mu
et al., 2023; Xu et al., 2024).

This report describes the clinical presentation,
diagnostic workup, surgical management, and postoperative
complications, especially hypocalcemia, of a dog with persistent
hypercalcemia caused by parathyroid carcinoma. This case
highlights the importance of accurate diagnosis, appropriate
postoperative management, and the recognition of delayed
hypocalcemia following parathyroidectomy in achieving a

favorable outcome in a dog with parathyroid carcinoma.
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Case description

An 11-year-old spayed female Chow Chow was
presented to a private veterinary clinic with a history of decreased
appetite and mild depression. A complete blood count (CBC) and
serum biochemistry revealed mild azotemia with a creatinine
concentration of 1.6 mg/dL (reference interval [RI]: 0.3—1.4 mg/
dL) and markedly elevated total serum calcium at 16 mg/dL (RI:
8.6-11.8 mg/dL), a low serum phosphorous concentration of 2.3
mg/dL (RI: 2.9-6.66 mg/dL), and a PTH level of 2.4 pg/mL (RI:
10-65 pg/mL), measured by a human laboratory assay that is
not validated for animals. Thoracic radiography demonstrated
a normal cardiac silhouette and unremarkable pulmonary
parenchyma. Abdominal ultrasonography revealed multiple
small hyperechoic mineralizations within the renal diverticula
without evidence of renal pelvis dilation. Bilateral adrenal gland
enlargement was also identified. The left adrenal gland measured
2.34 cm at the cranial pole and 1.74 cm at the caudal pole, with
three hyperechoic nodules in the cranial pole parenchyma. The
right adrenal gland measured 0.7 cm at the cranial pole and 1.6
cm at the caudal pole, with a hyperechoic nodular lesion (0.4 x
0.5 cm) at the caudal pole. Fluid therapy was initiated to correct
dehydration, and reassessment was performed one week later.
Azotemia had improved; however, hypercalcemia persisted (16
mg/dL). Ionized calcium (iCa) was also elevated at 2.08 mmol/L
(RI: 1.1-1.4 mmol/L).

The dog was referred to Prasu Arthon Animal
Hospital (Faculty of Veterinary Science, Mahidol University,
Thailand) for further investigation of persistent hypercalcemia.
On examination, the dog was alert, responsive, 5% dehydrated,
and exhibited mild hindlimb lameness. Total calcium remained
elevated at 18 mg/dL (Biosystem BA400), and iCa was 2.0
mmol/L (Siemens, RAPIDLab"348EX). Based on the differential
diagnoses of primary hyperparathyroidism versus paraneoplastic

hypercalcemia, a computed tomography (CT) scan (helical

contrast-enhanced CT scan, 1.25 mm and 0.625 mm slice
thickness) was performed. CT findings included enlargement of
the left external cranial parathyroid gland (0.6 x 0.5 x 0.5 cm)
and the right internal caudal parathyroid gland (0.5 x 0.3 x 0.3
cm) (Figure 1). These findings supported differential diagnoses of
functional parathyroid adenoma, adenocarcinoma, or hyperplasia.
Bilateral adrenomegaly with a left adrenal mass (2.7 x 1.7 cm)
was also observed.

Surgical intervention was undertaken via a ventral
cervical approach. A left cranial parathyroidectomy and
partial right thyroidectomy with caudal parathyroidectomy
were performed, and tissue samples were collected for
histopathological evaluation (Figure 2). Histopathology revealed
a proliferation of neoplastic neuroendocrine cells arranged in
short columnar patterns, with moderate amounts of eosinophilic
cytoplasm. Nuclei were round, finely stippled to vesiculated,
and contained 1-2 nucleoli, with one mitotic figure observed,
finding highly suggestive of parathyroid carcinoma (Figure 3).

The dog was hospitalized for postoperative monitoring.
During the immediate postoperative period (postoperatively days
1-5), iCa concentrations normalized (RI: 1.12-1.40 mmol/L),
vital parameters remained stable, and no surgical complications
were observed. The patient was discharged in good condition.

On postoperative day 9, iCa had decreased to 0.8
mmol/L, but the dog remained asymptomatic. The dog was
closely monitored, with iCa measurements performed every
other day, and the owner was instructed to observe for signs
of hypocalcemia. By day 12, iCa had dropped to 0.6 mmol/L,
accompanied by clinical signs of hypocalcemia, including
muscle twitching and tetany. Emergency management consisted
of intravenous administration of 10% calcium gluconate at 100
mg/kg administered over 30 minutes, followed by a continuous
rate infusion at 100 mg/kg/h over 6 hours once daily for 3
consecutive days. Thereafter, oral calcitriol was administered at

0.01 pg/kg twice daily for 7 days. Serum iCa normalized to 1.45
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mmol/L within 4 days of initiation of oral calcitriol treatment. weeks after cessation of calcitriol, iCa remained stable at 1.26
The calcitriol dosage was gradually tapered to 0.01 pg/kg once mmol/L (Table 1), and the dog remained clinically normal.
daily for 7 days, then every other day for 14 days, and ultimately

discontinued after a total treatment duration of 4 weeks. Two

Figure 1. Computed tomography (CT) images of the parathyroid glands. (A) Dorsal and (B) transverse planes of the left external
cranial pole parathyroid gland (red arrows). (C) Dorsal and (D) transverse planes of the right internal caudal pole parathyroid gland

(yellow arrows).
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Figure 3. Histopathologic section of an ovoid parathyroid mass with soft to firm consistency, stained with hematoxylin and eosin
(H&E). The blue circle indicates infiltrative proliferation of neoplastic neuroendocrine cells. The neoplastic cells are predominantly

arranged in dense sheets separated by delicate collagenous stroma. The cells are short columnar with moderate eosinophilic cytoplasm.

The nuclei are round with mild anisokaryosis.
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Table 1. Summary of ionized and total calcium concentrations in the pre- and postoperative periods.

Day

Total calcium

(8-11.8 mg/dL)

Tonized calcium

(1.12-1.4 mmol/L)

Initial diagnosis
Parathyroidectomy
Postoperative day 1 (12 hours)
Postoperative day 1 (24 hours)
Postoperative day 2
Postoperative day 3
Postoperative day 4
Postoperative day 5
Postoperative day 9
Postoperative day 12
3 days after initial 10% calcium gluconate 2 ml/kg
4 days after initial oral calcitriol 0.01 pg/kg (BID)
7 days after oral calcitriol 0.01 pg/kg (BID)
7 days after oral calcitriol 0.01 pg/kg (SID)
14 days after oral calcitriol 0.01 pg/kg (QOD)

14 days after cessation of oral calcitriol

2.08 16

1.4 13.7

1.3 -

1.23 9.3

1.4 -

1.1 8.9

0.8 -

0.8 7.6

1.45 -

1.4 -

1.5 11.6

1.26 -

Discussion

Primary hyperparathyroidism (PHPT) is an uncommon
endocrine disorder in dogs, most often caused by a functional
parathyroid adenoma, and less frequently by hyperplasia or
adenocarcinoma (Jores and Kessler 2011; Cordella et al., 2022).
The concurrent adrenal masses observed in this dog, in the absence
of clinical signs of hyperadrenocorticism, were considered likely
incidental findings and most consistent with non-functional
adrenal enlargement. Similar cases of adrenal gland enlargement
without clinical manifestations have been reported in dogs (Baum
et al., 2016). In this case, PTH measurement was performed at
a private veterinary clinic; however, the results could not be

interpreted because the assay used was designed for humans and is

not validated for canine samples. Nevertheless, the combination of
persistent hypercalcemia and CT evidence of bilateral parathyroid
enlargement strongly supported a tentative diagnosis of primary
hyperparathyroidism and informed surgical planning.

The microscopic description of this dog revealed
an infiltrative proliferation of neoplastic neuroendocrine cells
arranged in dense sheets, nests, and acini/tubules, characterized
by short columnar cells with moderate eosinophilic cytoplasm.
The nuclei were round with mild anisokaryosis. These features
are consistent with the general appearance of neuroendocrine
carcinoma, including that of the parathyroid gland (Kuwata et al.,
2010; Champion et al., 2025), reflecting its neuroendocrine origin
and infiltrative behavior, with a pathophysiology linked to PTH

overproduction leading to bone resorption and hypercalcemia.
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Parathyroidectomy remains the treatment of choice for
parathyroid carcinoma (PTC) in dogs and is generally associated
with favorable long-term outcomes. A large multicenter
retrospective study of 100 dogs with PTC demonstrated that
normocalcemia was restored in 89 of 96 cases within 7 days of
surgery, and survival rates were also encouraging, with 1-, 2-, and
3-year survival rates of 84%, 65%, and 51%, respectively, and a
median survival time of approximately 2 years (Erickson et al.,
2021). In the present case, the dog remained alive and clinically
stable for 16 months (1.4 years) following parathyroidectomy.
Intensive monitoring of overall health, ionized calcium
concentration, and adrenal mass size was performed monthly for
the first 3 months postoperatively, during which all parameters
remained within normal limits. Once stability was confirmed, the
monitoring interval was extended to every 3 months. Throughout
follow-up, ionized calcium levels remained within the reference
range, the adrenal mass did not increase in size, and no clinical
abnormalities were noted.

Although parathyroid carcinoma in dogs has the
potential for local invasion, as well as regional nodal or distant
metastasis, such findings have not been consistently documented
(Sawyer et al., 2012). Recurrence of functional parathyroid
carcinoma has been reported more than 6 months after surgical
excision in some dogs (Capen 2002), highlighting the importance
of long-term monitoring. In the current case, no evidence of
recurrence or metastatic disease was detected during the 16-month
follow-up period.

These findings highlight that PTC is a curable
disease with a good prognosis when accurately diagnosed
and appropriately managed. Despite these positive outcomes,
postoperative hypocalcemia is one of the most common
complications after parathyroidectomy. Approximately 36%
of dogs undergoing surgery for PTC or PHPT experience
hypocalcemia within the first 2—4 days postoperatively (Dear et

al., 2017; Burkhardt et al., 2021; Travail et al., 2025). However,

the prediction of postoperative hypocalcemia in dogs with
primary hyperparathyroidism that underwent parathyroidectomy
is difficult and depends on multiple factors. Dogs with higher
preoperative calcium concentrations are more likely to develop
hypocalcemia postoperatively, possibly due to negative feedback
from high circulating levels of PTH, which suppresses function
in the remaining parathyroid glands (Mu et al., 2023; Xu et al.,
2024).

Importantly, the onset of hypocalcemia can be delayed,
with reports documenting such cases. Twelve dogs developed
hypocalcemia within a median of 34 hours after surgery, and some
dogs developed clinical signs of hypocalcemia as late as 7 days
after surgery (Arbaugh et al., 2012; Milovancev and Schmiedt
2013; Erickson et al., 2021).

In the present case, the dog remained normocalcemic for
the first 5 postoperative days but developed severe hypocalcemia
ondays 9 and 12, with iCa levels dropping to 0.8 and 0.6 mmol/L,
respectively. Clinical signs of hypocalcemia were evident,
including muscle twitching and tetany. This delayed presentation
emphasizes the importance of vigilant postoperative monitoring
extending beyond the immediate recovery period. Intravenous
calcium gluconate (at dosages of 0.5-1.5 mL/kg) remains the
first-line therapy for acute symptomatic hypocalcemia, while
calcitriol therapy (at a dose of 0.02-0.03 ug/kg for 3—4 days for
induction, then 0.005-0.015 pg/kg for maintenance) is titrated
to the desired serum calcium concentration. Intravenous
calcium gluconate provided rapid correction of extracellular
hypocalcemia, whereas calcitriol supported recovery by
enhancing intestinal calcium absorption and maintaining serum
calcium as parenteral supplementation was tapered (Groman
2012). In this case, this combination addressed both the acute
calcium deficit and facilitated restoration of calcium homeostasis
during postoperative recovery.

Importantly, dogs that underwent surgery before the

development of severe renal disease had significantly better
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outcomes. One retrospective study of 29 dogs with PHPT found
that those without renal failure at the time of parathyroidectomy
had better long-term survival times, ranging from 6 months
to over 3.5 years after surgical treatment, with most patients
maintaining normocalcemia following resolution of postoperative
complications, while dogs with pre-existing or developing renal
failure had poorer outcomes (Gear et al., 2005). These findings,
combined with the present case, demonstrate the value of early,
accurate diagnosis, timely surgery, and aggressive management
ofhypocalcemia following parathyroidectomy, not only resolving
life-threatening hypercalcemia but also providing an excellent
long-term prognosis.

In primary hyperparathyroidism, chronically elevated
PTH concentrations result in increased bone resorption and
high bone turnover. Following parathyroidectomy, circulating
PTH concentrations decrease abruptly, and the previously high-
turnover bone shifts from net mineral release to rapid mineral
uptake. This process leads to a decline in blood ionized calcium
(iCa) concentrations over hours to days and is commonly referred
to as the “hungry bone” phenomenon (Graham et al., 2012;
Travail et al., 2025).

In dogs, hypocalcemia after parathyroidectomy
typically develops between 12 hours and 7 days postoperatively,
most commonly between postoperative days 2 and 6 (Burkhardt
etal., 2021; Travail et al., 2025). This delayed onset supports a
bone-mediated mechanism rather than an immediate perioperative
loss of calcium (Graham et al., 2012). Older dogs and those
with prolonged or severe hypercalcemia are likely to have more
extensive skeletal remodeling and, consequently, may experience
more pronounced postoperative calcium uptake and hypocalcemia
(Milovancev and Schmiedt 2013).

Although direct canine comparative data are limited,
human and veterinary evidence suggest that parathyroid
carcinoma is more genetically aggressive and functionally
autonomous than adenoma (Li et al., 2024). This likely causes

more profound chronic suppression and atrophy of the remaining

parathyroid tissue, helping explain prolonged postoperative
hypoparathyroidism and unusually severe hypocalcemia in
affected dogs (Erickson et al., 2021).

Pre-existing nephrocalcinosis in this dog may
substantially impair PTH-mediated tubular calcium
reabsorption and calcitriol synthesis, limiting both renal
conservation and intestinal uptake of calcium. This provides
a plausible mechanistic link to unusually severe, prolonged
postoperative hypocalcemia after parathyroid surgery.

In dogs with naturally occurring hypercortisolism with
bilateral adrenomegaly, total and ionized calcium concentrations
are typically within the reference range, although increased
phosphate concentrations, increased urinary calcium excretion,
and secondary elevations in parathyroid hormone have been
reported (Mooney et al., 2020; Corsini et al., 2021). Overt
hypocalcemia is uncommon in this setting. Therefore, while
adrenal enlargement may indirectly influence calcium balance
and endocrine regulation, it is unlikely to have been a primary
contributor to hypocalcemia in this case.

A limitation of this case was the absence of a species-
validated PTH assay. Only a human-based laboratory test was
available, which is not validated for canine use and therefore
uninterpretable. Consequently, the diagnosis could not be
fully supported by PTH measurement. In this case, parathyroid
carcinoma was diagnosed; however, the histologic evidence
supporting malignancy was limited to mild anisokaryosis, and
immunohistochemical confirmation would have strengthened the
diagnosis. Unfortunately, immunohistochemistry could not be
performed because of the owner’s financial constraints.

In conclusion, this case highlights several important
points for the clinical diagnosis of persistent hypercalcemia
with parathyroid enlargement and management of canine PTC.
First, although rare, PTC should be considered in dogs with
persistent hypercalcemia, and diagnosis requires integration of
iCa measurement, PTH assays, and advanced imaging. Second,

parathyroidectomy is the gold standard treatment, offering
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a high likelihood of cure and favorable survival outcomes.
Finally, clinicians should extend postoperative monitoring to
detect delayed hypocalcemia, the most common postoperative
complication, which may persist for at least several days, as
rare cases may present later and should be prepared to manage
it with calcium gluconate and vitamin D supplementation. With
accurate diagnosis, appropriate surgical intervention, and diligent
postoperative care, parathyroid carcinoma in dogs is a rare but

highly treatable disease with a good long-term prognosis.
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Abstract

Historical control data (HCD) of background lesions provide useful information on the range and incidence of
spontaneous lesions in a specific animal model. The microscopic examination data were collected from 84 male and 86 female
Wistar rats (Mlac:WR) used in 90-day oral gavage studies conducted at the National Laboratory Animal Center, Mahidol
University (NLAC-MU), from 2023 to 2025. We retrospectively evaluated spontaneous nonneoplastic findings in the vital
organs for toxicity assessment. This study reported the organ weights, numbers, incidence, and severity of the spontaneous
nonneoplastic findings in the Wistar rat, aiming to establish a contemporaneous three-year database on the incidence of
background lesions, as part of microscopic alterations, and to aid in the future evaluation of 90-day oral toxicity studies. The
most common spontaneous findings observed in both sexes were minimal to moderate multifocal hemorrhage in the thymus
(32.14% males, 22.09% females), minimal to moderate hemorrhage in bronchus-associated lymphoid tissue (BALT) (23.81%
males, 17.44% females), ectopic adrenocortical tissue in the adrenal cortex (21.43% males, 19.77% females), and minimal to
moderate dilation of gastric glands in the stomach (23.81% males, 12.79% females). We also reported sex-related spontaneous
lesions, including hyaline casts in the renal cortex (23.81% males, 1.16% females), tubular basophilia in the renal cortex
(9.52% males, 1.16% females), and ectopic thymus tissue in the thyroid gland (9.52% males, 0% females). In summary, HCD
of background lesions in Wistar rats from 90-day oral gavage studies is essential for accurate histopathological interpretation

in 90-day oral toxicity studies.

Keywords: Wistar rat, Spontaneous lesions, Nonneoplastic, 90-day oral toxicity studies
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Introduction

Historical control data (HCD) on background lesions
in relevant animal models are considered one of the most
important tools for interpreting and evaluating safety data in
nonclinical toxicity studies, particularly in pharmaceutical and
Contract Research Organization (CRO) settings conducted under
the Organisation for Economic Co-operation and Development
Good Laboratory Practice (OECD-GLP) toxicity testing
guidelines. It is generally believed that HCD from concurrent
control groups provides an equivocal comparison and
interpretation for the treated groups (Keenan et al., 2009).
However, a potential limitation of using HCD is the variability
and drift over time in animal- and study-related factors such as
animal genetics, experimental environment, and macroscopic
and microscopic pathological interpretation (Wolf and Mann
2005). Numerous references have reported the incidence of
spontaneous lesions in rats; however, most of these studies have
used the Sprague-Dawley (SD) rat as the animal model
(Nakazawa et al., 2001; Bockenstedt et al., 2025). The present
study provides this information for the establishment of a
contemporaneous three-year database from the National
Laboratory Animal Center, Mahidol University NLAC-MU) for
a specific animal model, the Wistar (WR) rat, which is the strain
most commonly used in Thailand due to its greater longevity and
lower incidence of certain tumors (Taylor and Mowat 2020).

Recording organ weight, severity, morphology, and
distribution of background (incidental) lesions provides important
insight into the underlying pathogenesis. This information is
valuable for classifying the spontaneous changes as congenital
or hereditary (Thoolen et al., 2010; Brandli-Baiocco et al., 2018),
normal variations unique to the histology of a given species (Long
and Hardisty 2012), procedure- or trauma-related (Ibrahim et al.,
2025), age-related (McInnes and Scudamore 2014), and
physiologic/hormonal changes, such as the estrus cycle in female

rats (Dixon et al., 2014). In addition, it offers useful data on the

range and incidence of spontaneous background findings in the
species and strain of test animals used across different types of
toxicity testing, including those of varying duration, test item/
article delivery methods, and animal models (Bockenstedt et al.,
2022).

According to OECD-GLP Guideline Test No. 408:
Repeated Dose 90-Day Oral Toxicity Study in Rodents, the vital
organs for evaluating general toxicity include the heart, lungs,
liver, spleen, kidneys, stomach, small and large intestines, thymus,
thyroid and parathyroid glands, adrenal glands, pituitary gland,
testes, epididymides, male accessory sex glands (prostate gland
and seminal vesicles), ovaries, uterus, cervix, and vagina. Safety
evaluation of these organs provides essential toxicological data
for test item/article registration in Thailand, including the
identification of target organ(s) of toxicity, determination of the
no-observed-adverse-effect-level NOAEL), establishment of a
safety factor to progress the compound toward clinical
development, and the assessment of reversibility of test item/
article-related changes (Black et al., 2013). The International
Harmonization of Nomenclature and Diagnostic Criteria
(INHAND), established by the Society of Toxicologic Pathology
(STP), has published standardized terms and glossaries for the
diagnosis of lesions in various organ systems, fully covering all
tissue types examined in the present study.

In this study, HCD on nonneoplastic histopathological
findings — including organ weight, number, incidence, and
severity of naturally occurring lesions — were collected from 170
Wistar rats (84 males and 86 females) used in 90-day oral gavage
studies at the NLAC-MU. Neoplastic lesions were not included
in this analysis. The objectives of this investigation were to
establish a contemporaneous three-year database of the incidence
of background lesions, as part of microscopic and morphologic
alterations observed in Wistar rats subjected to 90-day oral
gavage, and to support the future evaluation of 90-day oral toxicity

studies.
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Materials and methods

Animal condition

Nonneoplastic lesions data were collected from 84 male
and 86 female Wistar rats (Mlac:WR) in 90-day oral gavage
studies. All animals received sterile water, a common vehicle in
oral toxicity studies, once daily for 90 days (13 weeks) at the
animal facility of the National Laboratory Animal Center,
Mahidol University (NLAC-MU) from 2023 to 2025. Sterile
water is a universally accepted ideal vehicle for oral dosing,
having no chemical, biochemical, immunological, or
pharmacological effects on the test item/article or the host (Singh
et al., 2012). The animals were bred by the Division of Animal
Production, NLAC-MU. Upon receipt, the animals were 5 weeks
of age. After a 1-week quarantine and acclimatization period,
oral gavage with sterile water began at 6 weeks of age. Inclusion
criteria required animals to have comparable body weight (within
+ 20% of the mean body weight), be healthy, free of observable
congenital anomalies, and free of major infectious pathogens (as
determined by the routine health monitoring program). Animals
were housed two per plastic cage with a solid bottom, in a low-
barrier HVAC (Heating, Ventilation, and Air Conditioning)
system. Room temperature was maintained at 22 + 3°C, relative
humidity at 30-70%, and animal rooms were kept under positive
pressure. A 12-hour light/dark cycle was maintained using
standard fluorescent lighting. Rats had free access to reverse
osmosis (RO) water containing 5—7 ppm chlorine and a standard
diet (082: Perfect Companion Group CO., Ltd.). Corn cob and
dried water hyacinth (rod form) were provided as animals’
bedding, while dried water hyacinth (ribbon form) was used for

environmental enrichment.

Ethical statement
Animal care and use followed the Guide for the Care

and Use of Laboratory Animals, 8" edition, in an AAALAC

International-accredited program. All procedures were approved
by the NLAC Institutional Animal Care and Use Committee

(TACUCQ).

Oral gavage, sample collection, and organ weight

Oral gavage was performed by highly experienced
personnel to minimize the risk of aspiration into the respiratory
tract. A feeding needle was used for sterile water administration,
passing through the esophagus into the stomach. After 90 days
of dosing (19 weeks of age), all animals were euthanized by CO2
inhalation, and complete necropsies were performed. Tissues,
including the liver, kidneys, heart, spleen, lungs, stomach, small
and large intestines, thymus, thyroid and parathyroid glands,
pituitary gland, adrenal glands, testes, epididymides, male
accessory sex glands (prostate gland and seminal vesicles),
ovaries, uterus, cervix, and vagina, were collected and trimmed.
The aforementioned organs, except for the lungs, stomach, small
and large intestines, cervix, and vagina, were weighed using an
electronic balance with 5 digits (XSE205 DU, Mettler Toledo,
Switzerland). All collected organs were preserved in 10% neutral

buffered formalin (NBF).

Slide preparation and examination

H&E-stained tissue slides were prepared from
preserved organs using routine histological techniques, including
tissue trimming, processing, embedding, sectioning, staining,
and mounting. Informed (non-blinded) microscopic examinations
were performed by a single study pathologist using a light
microscope (Leica DM2000 LED, Germany), and the images
were captured using a 0.55x mount with a digital camera (Leica
MC170 HD, Switzerland), using the Leica Application Suite
software (version 4.9.0). For microscopic examinations,
diagnostic terms and glossaries followed the International
Harmonization of Nomenclature and Diagnostic Criteria

(INHAND), developed by the Societies of Toxicologic Pathology
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from Europe (ESTP), Great Britain (BSTP), Japan (JSTP), and

North America (STP). Lesion grading, with the exception of

previously reported congenital lesions, was performed semi-

quantitatively using a five-point scale, assigned as minimal (+1),

mild (+2), moderate (+3), severe (+4), and massive (+5). The
scales were applied in direct proportion to the number of foci or

the affected lesion areas (Table 1).

Table 1. Grading scheme for the evaluation of nonneoplastic lesions (modified from Thoolen et al., 2010; Schafer et al., 2018).

Grade Severity Proportion of tissue affected Quantifiable finding
Very small amount
+1 Minimal 1-2 foci
(<5% of tissue affected)
Small amount
+2 Mild ) 3-6 foci
(5-20% of tissue affected)
Medium amount
+3 Moderate ) 7-12 foci
(20-40% of tissue affected)
Large amount
+4 Severe ) >12 foci
(40-60% of tissue affected)
Very large amount
+5 Massive Diffuse

(>60% of tissue affected)

Data analysis

All absolute organ weights of both male and female
rats were converted to relative organ weights, calculated as the
organ-to-body weight ratio per 100 g of body weight. Meanwhile,
the mean severity scores of the most common lesions were
calculated using the grades from the established grading scheme
(score 1-5; Table 1). Data were presented as mean =+ standard
deviation (SD), with the coefficient of variation (CV) reported
for average relative organ weights, and as mean + SD for average
severity scores.

The occurrence and incidence of each background
lesion in male and female rats were recorded and categorized by
organ system and sex. The descriptive analysis of incidence was
calculated as a percentage using The descriptive analysis of
incidence was calculated as a percentage using the following
formula: Incidence (%) = (number of animals with the lesions/

total number of animals examined) x 100.

Statistical methods

Statistical analyses were conducted to compare the
incidence of lesions between male and female rats. A Fisher’s
exact test was performed using PASW Statistics (version 18) to
analyze the incidence of nonneoplastic lesions (Table 3). For all

tests, a P-value < 0.05 was considered statistically significant.
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Results

Organ weight

Relative organ weight data (per 100 g body weight) at
scheduled euthanasia (19 weeks of age) were presented in Table
2. Overall, the results demonstrated general consistency of relative
organ weights. In male rats, the coefficients of variation (CVs)

were less than 10% for most organs examined, with the exception
g P

of the right and left testis, left epididymis, thymus, and male
accessory sex glands (prostate gland with seminal vesicles), which
showed CVs of 10.72%, 11.30%, 11.73%, 19.35%, and 57.15%
respectively. In contrast, female rats exhibited CVs greater than
10% for the left thyroid and parathyroid gland (11.26%), thymus
(14.11%), and CVs greater than 20% for the right ovary (21.69%),
left ovary (21.02%), and uterus (28.53%). The remaining organs

in female rats showed CVs of less than 10%.

Table 2. Averages of the relative organ weight (g) per 100 g of body weight.

Males (n = 84) Females (n = 86)

Organs
Mean = SD Cv Mean = SD Cv
Liver 2.6604 £ 0.15 5.74% 2.5840 +0.21 8.08%
Right kidney 0.2623 £ 0.02 7.61% 0.2913 £0.02 6.73%
Left kidney 0.2528 £ 0.02 6.89% 0.2783 +0.02 6.47%
Heart 0.3039 £ 0.01 5.08% 0.3580 £ 0.02 5.39%
Spleen 0.1745+0.01 8.26% 0.2304 +£0.02 8.33%
Pituitary gland 0.0022 + 0.00 4.91% 0.0049 + 0.00 8.68%
Right thyroid and parathyroid gland 0.0021 +0.00 9.73% 0.0031 +0.00 8.15%
Left thyroid and
parathyroid gland 0.0020 + 0.00 6.63% 0.0028 + 0.00 11.26%
Right adrenal gland 0.0074 + 0.00 5.82% 0.0170 = 0.00 5.15%
Left adrenal gland 0.0083 + 0.00 6.10% 0.0183 £ 0.00 3.36%
Thymus 0.0622 +0.01 19.35% 0.0927 £ 0.01 14.11%
Right testis 0.3741 £0.04 10.72% - -
Left testis 0.3778 £ 0.04 11.30% - -
Right epididymis 0.1170 £ 0.01 9.34% - -
Left epididymis 0.1173 £0.01 11.73% - -
Male accessory sex gland
(prostate/seminal vesicle) 0.3817+£0.22 57.15% - -
Right ovary - - 0.0210 + 0.00 21.69%
Left ovary - - 0.0210 = 0.00 21.02%

Uterus

0.1821 £0.05 28.53%
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Microscopic finding

Microscopic examinations under the present
experimental conditions revealed the most commonly observed
nonneoplastic lesions in both male and female Wistar rats
(Mlac:WR). These included minimal to moderate multifocal
hemorrhage in the thymus (32.14% incidence with a mean
severity score of 1.74 £0.75 in males and 22.09% incidence with
a mean severity score of 1.79 +0.61 in females) (Figure 1A and
1B); minimal to moderate hemorrhage in bronchus-associated
lymphoid tissue (BALT) (23.81% incidence with a mean severity
score of 1.25 +0.62 in males and 17.44% incidence with a mean
severity score of 1.20 + 0.54 in females) (Figure 1C); minimal
to moderate dilation of gastric glands in the glandular stomach
(23.81% incidence with a mean severity score of 1.35 + 0.48 in
males and 12.79% incidence with a mean severity score of 1.09
+0.29 in females) (Figure 1E and 1F); and ectopic adrenocortical
tissue in the adrenal cortex (21.43% in males and 19.77% in
females) (Figure 1D).

In the histopathological examination of the kidneys, a
high incidence of minimal to mild, focal to multifocal hyaline
casts in the renal cortex (Figure 2A and 2B) was more commonly
observed in males (23.81%), than in females (1.16%), with a
statistically significant difference (P < 0.05) between sexes.
Similarly, minimal tubular basophilia in the renal cortex (Figure
2D) occurred more frequently in males (9.52%) than in females
(1.16%), with a statistically significant difference (P < 0.05)
between sexes. In contrast, minimal focal intratubular
mineralization in the renal medulla (Figure 2C) was identified
as a background lesion with no significant difference in incidence
between females (11.63%) and males (5.95%).

An ultimobranchial cyst within the thyroid tissues was
observed at a similar incidence in males (11.90%) and females
(11.63%) (Figure 2E and 2F). In contrast, ectopic thymus tissue
in the thyroid gland was observed only in males (9.52%), with a

statistically significant difference (P <0.05) between sexes when

compared to the incidence of females (0%). Regarding dynamic
changes in the female reproductive tract and grossly observed
clear fluid retention at necropsy (29 female rats), histopathological
examinations of the uterus and vagina indicated that proestrus
was the most common finding (75.86%), followed by diestrus
(13.79%) and estrus (10.35%). However, no females were
observed in metestrus.

Other less common nonneoplastic findings included
minimal infiltration of mononuclear inflammatory cells in the
hepatic tissue (2.38% males, 3.49% females); hepatodiaphragmatic
nodule in the liver (1.19% males, 1.16% females) (Figure 3A
and 3B); minimal macrovesicular/microvesicular fatty change
in the liver (1.19% males, 1.16% females); minimal hepatic
congestion (0% males, 1.16% females); mild glycogen
accumulation in the liver (0% males, 1.16% females); minimal
focal biliary cyst in liver (0% males, 1.16% females); minimal
focal hepatic fibrosis (0% males, 1.16% females); accessory
spleen (0% males, 1.16% females); paraovarian cyst (oviduct)
(1.16% females); severe diffuse germinal epithelium atrophy of
the testis (1.19% males); minimal to mild, focal to multifocal
infiltration of mononuclear inflammatory cells in the interstitial
areas of the prostate gland (3.57% males); minimal aggregation
of alveolar macrophages in the alveolar spaces (2.38% males,
0% females) (Figure 3C and 3D); minimal to mild, focal
infiltration of inflammatory cells in the alveolar spaces (3.57%
males, 3.49% females); minimal focal cystic degeneration of the
adrenal cortex (0% males, 2.32% females); cyst at the pars distalis
of the pituitary gland (1.19% males, 1.16% females); minimal
infiltration of inflammatory cells in the cardiomyocardium (1.19%
males, 0% females); minimal focal basal cell hyperplasia in the
nonglandular stomach (1.19% males, 0% females). All the
microscopic nonneoplastic background lesions were summarized

in Table 3.
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Table 3. Microscopic nonneoplastic background lesions in Wistar rats (Mlac:WR) from 90-day oral gavage studies (2023-
2025; 84 males and 86 females).

Males Females
Microscopic findings Occurrence/number Incidence Occurrence/number Incidence
of examined animals (%) of examined animals (%)
Hematolymphoid System
* Hemorrhage, thymus, multifocal, minimal to
27/84 32.14 19/86 22.09
moderate
» Accessory spleen 0/84 0 1/86 1.16
Respiratory System (Lung)
* Hemorrhage, bronchus-associated lymphoid 20/84 23.81 15/86 17.44
tissue (BALT), minimal to moderate
« Infiltrate, inflammatory cell, alveolar space, 3/84 3.57 3/86 3.49
focal, minimal to mild
» Aggregation, alveolar macrophage, minimal 2/84 2.38 0/86 0
Endocrine System
« Ectopic tissue, adrenocortical (adrenal gland) 18/84 21.43 17/86 19.77
» Degeneration, cystic, cortical, focal, minimal 0/84 0 2/86 2.32
(adrenal gland)
« Ultimobranchial cyst (thyroid gland) 10/84 11.90 10/86 11.63
« Ectopic tissue, thymus (thyroid gland)* 8/84 9.52 0/86 0
* Cyst, pars distalis (pituitary gland) 1/84 L.19 1/86 1.16
Digestive System
* Dilation, gastric gland, minimal to moderate 20/84 23.81 11/86 12.79
(glandular stomach)
» Hyperplasia, basal cell, focal, minimal 1/84 1.19 0/86 0
(nonglandular stomach)
Urinary System (Kidney)
* Cast, hyaline, focal to multifocal, minimal to 20/84 23.81 1/86 1.16
mild*

Note: A Fisher’s exact test was performed on raw data to test the hypothesis: there is no difference of incidence between males and females. * P-value <

0.05, the hypothesis is rejected.
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Table 3. Microscopic nonneoplastic background lesions in Wistar rats (Mlac:WR) from 90-day oral gavage studies

(2023-2025; 84 males and 86 females) (Cont.).

Males Females
Microscopic findings Occurrence/number Incidence Occurrence/number Incidence
of examined animals (%) of examined animals (%)
Urinary System (Kidney)
* Mineralization, intratubular, focal, minimal 5/84 5.95 10/86 11.63
 Basophilia, tubular, minimal* 8/84 9.52 1/86 1.16
Hepatobiliary System
* Infiltration, inflammatory cell, minimal
2/84 2.38 3/86 3.49
(liver)
» Hepatodiaphragmatic nodule 1/84 1.19 1/86 1.16
 Fatty change, macro-/microvesicular,
1/84 1.19 1/86 1.16
minimal
» Congestion, minimal 0/84 0 1/86 1.16
* Glycogen accumulation, mild 0/84 0 1/86 1.16
* Cyst, biliary, focal, minimal 0/84 0 1/86 1.16
 Fibrosis, focal, minimal 0/84 0 1/86 1.16
Cardiovascular System
* Infiltrate, inflammatory cell, myocardium,
1/84 1.19 0/86 0
minimal
Male reproductive System
e Atrophy, germinal epithelium, diffuse,
P 8 P 1/84 1.19 - -
severe
* Infiltrate, inflammatory cell, focal to
3/84 3.57 - -
multifocal, minimal to mild (prostate gland)
Female reproductive System
* Cyst, paraovarian (oviduct) - - 1/86 1.16
* Proestrus - - 22/29% 75.86
* Estrus - - 3/29% 10.35
+ Metestrus - - 0/29# 0
* Diestrus - - 4/29% 13.79

Note: A Fisher’s exact test was performed on raw data to test the hypothesis: there is no difference of incidence between males and females. *P-value <

0.05, the hypothesis is rejected. #The number of female rats with clear fluid retention at gross necropsy.
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Figure 1. (A) The photomicrograph of mild multifocal hemorrhage in thymus of a male rat (4X). (B) Higher magnification
of Figure 1A (10X). (C) The photomicrograph of moderate hemorrhage in bronchus-associated lymphoid tissue (BALT) of a
female rat (10X). (D) The photomicrograph of ectopic adrenocortical tissue (black arrow) in adrenal cortex of a female rat
(10X). (E) The photomicrograph of mild dilation of gastric gland (black arrow) in glandular stomach of a male rat (10X). (F)

Higher magnification of Figure 1E (20X); H&E staining.
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Figure 2. (A) The photomicrograph of minimal focal hyaline cast (black arrow) in renal cortex of a male rat (10X). (B) Higher

magnification of Figure 2A (20X). (C) The photomicrograph of minimal focal intratubular mineralization (black arrow) in renal
medulla of a female rat (20X). (D) The photomicrograph of minimal focal tubular basophilia (black arrows) in renal cortex of a
male rat (20X). (E) The photomicrograph of ultimobranchial cyst (black arrow) in thyroid gland of a female rat (10X). (F) Higher

magnification of Figure 2E (20X); H&E staining.
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Figure 3. (A) The photomicrograph of a hepatodiaphragmatic nodule in the liver of a male rat (4X). (B) Higher magnification

of Figure 3A to indicate the linear arrangement of hepatocyte nuclei (black arrows) (20X). (C) The photomicrograph of minimal

aggregation of alveolar macrophages in the alveolar spaces of a male rat (10X). (D) Higher magnification of Figure 3C to indicate

alveolar macrophages (black arrows) (20X); H&E staining.

Discussion

Organ weight

Higher coefficients of variation (CVs) in relative
organ weights may reflect inconsistencies in necropsy and/or
organ weighing procedures, as this parameter can be affected
by trimming technique, timing of weighing, and measurement
sensitivity (Srimangkornkaew et al., 2020). Such variability is
particularly evident in small organs, such as the ovary and thyroid
with parathyroid gland; secretion-filled or friable structures,
such as male accessory sex glands, testis, and thymus, which are

highly prone to rupture or partially loss during organ trimming;

and organs with poorly defined anatomical boundaries, such
as uterus with vagina and epididymis, in which differences in
tissue separation may substantially influence the measured organ
weight. The organ weight results in the present study showed
a similar trend to the previously reported organ weight data
for Sprague-Dawley (SD) rats (Piao et al., 2013), with slight
differences in relative organ weights of the spleen, heart, liver,
kidneys, adrenal glands, testes, and ovaries, which are attributable

to variations in rat strain.
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Microscopic finding

The varying degrees of hemorrhage observed in
lymphoid organs (thymus and BALT) involved a higher number
of animals than reported in other studies (Bockenstedt et al.,
2022). This finding may represent an agonal change in rats
euthanized with CO2 inhalation (Frith et al., 2000). In the absence
of necrosis, vascular lesions, coagulation defect, and other lesions
such as erythrophagocytosis or pigment-laden macrophages,
necropsy technique-related factors (iatrogenic) or dissection-
induced artifacts may account for this observation, and these
hemorrhages are not considered the result of a vascular lesion
(Rebelatto 2018). However, Vitamin K deficiency in rats may
cause thymic hemorrhage, and therefore diet should be considered
(Frith et al., 2000). This finding must be distinguished from
congestion since congestion of capillaries or venules in the thymus
is commonly seen in spontaneous deaths or moribund sacrificed
animals (Rebelatto 2018). Moreover, postmortem congestion
(Livor mortis) of the thymus without evidence of hemodynamic
disturbance has been reported in Wistar rats (Boonmayaphan
and Butrat 2022).

In sex-related lesions, hyaline casts and tubular
basophilia in the renal cortex were found to be sex-related
finding as their incidence in males is significantly higher than
in females. Hyaline cast and tubular basophilia can be found
as a common feature accompanying the early stage of chronic
progressive nephropathy (CPN) (Frazier et al., 2012). Male
gender is a primary risk factor for developing CPN linked to
the presence of androgen rather than to an absence of estrogen
(Khan et al., 2013). Intratubular mineralization in the renal
medulla is more commonly seen as a spontaneous lesion along
the corticomedullary junction with no clinical consequence, and
female rats are more susceptible to dietary imbalance of calcium,
phosphorus, chloride, magnesium, protein, and lipid than male
rats (Seely et al., 2018). However, the statistically significant

difference between the incidence of males and females cannot be

observed in the present study. The incidence of ectopic thymus
tissue in the thyroid gland in males is significantly higher than
in females; however, there has been no previous report of sex
predisposition in rats. In human medicine, the epidemiological
study revealed a higher prevalence of this lesion in male (2.79%)
than female (0.80%) children (Iwaku et al., 2024). This finding
is a congenital defect caused by incomplete separation of the
thyroid and thymus during embryonal development (Brandli-
Baiocco et al., 2018).

The various types of congenital or developmental
anomalies were observed in Wistar rats (Mlac:WR) in the present
study. An ectopic adrenocortical tissue in the adrenal cortex
is a common finding in both male and female rats, and can be
found anywhere in the abdominal cavity caused by completely
or partially detached rests of the coelomic epithelial primordia
(Suttie and Sutcliffe 2018). An ultimobranchial cyst in the thyroid
gland derives from ultimobranchial bodies during embryonal
development (Mense and Boorman 2018). In addition to the
common congenital lesions, a hepatodiaphragmatic nodule
in the liver, paraovarian cyst, cyst in the pars distalis of the
pituitary gland, and accessory spleen are less finding in our
study. A hepatodiaphragmatic nodule in the liver is caused by
the pressing of median or lateral lobes of the liver against the
imperforate opening of diaphragm (Bevin 2018) with reported
incidence ranging from 1 to 11% in Fischer 344 rats (Thoolen et
al., 2010). A paraovarian cyst is thought to arise from vestigial
remnants of mesonephric or paramesonephric ducts (Dixon et
al., 2014). This finding should be distinguished from cystic rete
ovarii, which often lack smooth muscle in the wall, and typically
present within or adjacent to the hilus of the ovary (Vidal and
Dixon 2018). Cysts in the pars distalis of the pituitary gland are
an infrequent incidental finding in rats. The structure, position,
or contents cannot determine the origin of a cyst. Some cysts are
derived from persistent remnants of the craniopharyngeal duct

or Rathke’s pouch (Brindli-Baiocco et al., 2018). Lastly, an
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accessory spleen is a rare finding in rats. It may develop as a result
of fusion failure of the splenic anlage during embryogenesis, and
may be acquired following splenectomy or as a consequence of
traumatic injury (Rebelatto 2018; Willard-Mack et al., 2019).

In the reproductive system, a markedly dilated and
filled with clear fluid (clear fluid retention) is a characteristic
feature of proestrus in female rats under the influence of estradiol
(Dixon et al., 2014). Although most female rats (75.86%) with
clear fluid retention in the uterus were histologically staged as
proestrus, some animals at estrus (10.35%) or diestrus (13.79%)
also exhibited this change at necropsy, as they might be in a
transitional period to proestrus, such as early estrus or late diestrus
(Westwood 2008; Ajayi and Akhigbe 2020). An atrophy of the
germinal epithelium lining the seminiferous tubules in male rats
is considered the consequence of prolonged or severe germ cell
degeneration, which may be mediated through sertoli cell injury,
primary cytotoxicity, hypoxia, inflammation, or other effects
(Creasy et al., 2012).

In age-related lesions, a dilation of the gastric gland
is a common observation in the glandular stomach and may be
seen as an aging change in rats. This lesion is usually not reported
unless it shows a treatment-related trend (Nolte et al., 2016).
An aggregation of alveolar macrophages in alveolar spaces is
frequently observed as a spontaneous and incidental finding in
the subpleural areas or in the more peripheral regions of the lung
of older rats (Renne et al., 2016; Herbert et al., 2018). A cystic
degeneration of the adrenal gland is a spontaneous condition. It
occurs predominantly in aging female rats and is considered to
be a consequence of severe focal cortical vacuolation (Brandli-
Baiocco et al., 2018). A biliary cyst in hepatic parenchyma is
commonly seen in older rats. A single cyst is often caused by
cystic dilation of the intrahepatic bile duct (Thoolen et al., 2010).

In other, less common spontaneous lesions,
cytoplasmic vacuolations of hepatocytes are mainly composed

of macrovesicular and microvesicular fatty changes, and

glycogen accumulation. A macrovesicular fatty change is a
reaction to a wide variety of injuries, and can also be regarded
as a physiological adaptation demonstrated as an imbalance
between uptake and secretion of lipoprotein by the hepatocytes.
On the other hand, a microvesicular fatty change is usually
indicative of more serious hepatic dysfunction, but can also result
from nutritional disturbances; however, focal fatty change can
sometimes be seen spontaneously (Foster 2018). An intracellular
accumulation of glycogen is a normal physiological response
following food ingestion (Thoolen et al., 2010). A hepatic
congestion, without the evidence of right-sided heart failure,
can be seen in an animal that dies (post-mortem change) or in a
situation where there is incomplete exsanguination (Thoolen etal.,
2010). Hepatic fibrosis represents a reaction to acute or prolonged
hepatic injury (Thoolen et al., 2010). A basal cell hyperplasia
of the nonglandular stomach is more commonly seen following
administration of a chemical by the gavage route but may occur
by dosed-feed or water routes as well (Uehara et al., 2018). An
infiltration of inflammatory cells in the alveolar spaces, hepatic
parenchyma, cardiomyocardium, and prostate gland without the
evidence of inflammation, e.g., edema, hemorrhage, cell swelling,
vascular injury, degeneration, or necrosis, is considered to be
an incidental finding (Thoolen et al., 2010; Creasy et al., 2012;
Berridge et al., 2016; Renne et al., 2016).

One significant limitation of HCD for background
lesions is its study-specific nature. Numerous sources of
variability, including vehicle type, study duration, route of
administration, gross necropsy techniques, histological slide
preparation, and standardized histopathological criteria/terms
(McInnes and Scudamore 2014), limit the application of HCD
to studies with the same design. Consequently, the establishment
of study-relevant HCD is essential for the accurate interpretation

of future toxicological studies.
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Conclusions

Overall, this is the most recent report of the historical
background of nonneoplastic lesions in Wistar rats (Mlac:WR).
The present information provides a reference for the background
lesions that occur in Wistar rats in 90-day toxicity studies, which
may be highly beneficial for the study pathologist to differentiate
between spontaneous lesions and test item/article—related

changes.
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