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ABSTRACT

Objective: The current study was carried out to assess the humoral immune responses according
to age at different stages of wound healing in Black Bengal goats (BBG).

Materials and Methods: Apparently, healthy BBGs (n = 20) were collected and divided into five
groups based on their age: Group A (control, 3 years), Group B (3 to 5 years), Group C (2 to <3
years), Group D (1 to <2 years), and Group E (<1 year). Except for control, all BBGs were allowed to
have artificial surgical wounds, and follow-up data were collected from day 0 to 21. The humoral
immune responses [immunoglobulins (Igs) and interleukin-6 (IL-6)] were determined by ELISA
using commercial goat ELISA kits. Statistical Product and Service Solutions (Version 20) was used
to analyze the data.

Results: The normal range of immune cells in control BBGs was immunoglobulin G (IgG) (20.21
+ 0.13 mg/ml), immunoglobulin M (IgM) (2.87 £ 0.0.05 mg/ml), immunoglobulin A (IgA) (0.33
0.01 mg/ml), and IL-6 (1.6 = 0.05 pg/ml). In this experiment, higher concentrations of 1gG (21.11
+ 0.20 mg/ml), IgM (2.92 + 0.04 mg/ml), IgA (0.35 = 0.02 mg/ml), and IL-6 (1.62 + 0.05 pg/ml)
were found in Group B BBGs, whereas the lower levels of 1gG, I1gM, IgA, and IL-6 were found at
17.16 £ 0.18 mg/ml, 2.12 + 0.01 mg/ml, 0.29 + 0.03 mg/ml, and 1.55 + 0.05 pg/ml, respectively,
in the Group E BBGs. Rapid wound healing was observed in the older groups compared to the
younger groups of BBGs. The concentrations of Igs (IgG, IgM, and IgA) and IL-6 were gradually
increased in all groups from day 3 (early inflammatory stage) and day 7 (late inflammatory stage),
and then they decreased gradually from day 14 (proliferative stage) to reach the final stage of day
21 (remodeling stage), where the concentrations were found to be at a level comparable to their
per-incisional period. No gender-related differences were detected.

Conclusion: Adult BBGs (3 to 5 years old) showed faster wound repair and stronger immune
responses. This finding may assist veterinarians and researchers in considering age-related
immune responses for the recovery and rapid cure of surgical wounds.
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optimum-quality milk and meat [2]. Black Bengal goats
(BBGs) are well-known for their adaptability, fertility, meat
test, skin, adaptability in harsh conditions, and disease
resistance [3].

The host immune system is the body’s protective mech-

Introduction

Goats have always been an important part of mixed farm-
ing practices in Bangladesh and supply 38.0%, 23.0%, and
28.0% of meat, milk, and skin, respectively, in the live-

stock sector [1]. Most rural communities in Bangladesh
earn a significant part of their income from goat rearing.
Goats are thought to be the best type of livestock because
they can thrive in extreme conditions and produce

anism, comprised of both adaptive and innate immunity,
which aids in the fight against toxic or allergic agents,
diseases, and pathogenic microbial infections in conjunc-
tion with cytokines and growth factors [4,5]. Humoral
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immunity is the adaptive immune system that controls
macrophages, facilitates fibroblastocysts, and neutralizes
harmful bacteria and viruses [6,7]. It is an antibody-me-
diated [immunoglobulin A (IgA), immunoglobulin G (IgG),
immunoglobulin M (IgM), immunoglobulin D, and immu-
noglobulin E) response against pathogens triggered by
vaccinations or diseases that is important in host immune
defense [8,9].

A wound is the discontinuity of skin, muscles, and tis-
sues caused by physical, chemical, or biological insults [10].
Wound healing is a dynamic and highly regulated cellular,
humoral, and overlapping complex biological process for
restoring the integrity of the skin after injury [11]. When
the skin is cut, it sets off a chain of inflammatory processes
that quickly bring phagocytes from the bloodstream to the
wound site [12]. During different stages of wound repair,
multicellular organisms display immunological homeosta-
sis in various cells and organs with steps like coagulation,
inflammation, and proliferation [13,14].

Among the pro-inflammatory cytokines, interleukin-6
(IL-6) is crucial for adaptive and innate immune function
[15,16]. IL-6 also plays a significant role in stimulating
the proliferation of antibody-producing B cells, resulting
in an increased immunological response and cutaneous
wound healing [15,17]. During inflammatory mechanisms,
the concentration of IL-6 multiplies, emphasizing its clin-
ical significance as a primary alarm system in inflamma-
tion and autoimmune disease in goats [16,18]. A healthy
immune system can speed up wound healing by lower-
ing the infection risk. Wound healing remains challeng-
ing when humoral immune responses are reduced [19].
Therefore, considering the importance of age-related
immune responses in goats, the current study investi-
gated age-related humoral immune responses at different
phases of wound repair in BBGs in Bangladesh.

Materials and Methods
Ethical approval

The experimental protocols were evaluated and
approved by the Animal Welfare and Experimentation
Ethics Committee, Bangladesh Agricultural University,
Mymensingh [AWEEC/BAU/2019(54)]. Principles were
tracked to afford slight distress to the experimental BBGs
to reduce the perception of pain; local analgesia was
administered before wound initiation.

The current study was conducted from June 2020 to
2022 in different laboratories of the Department of Surgery
and Obstetrics, the Department of Microbiology and
Hygiene, and the Department of Anatomy and Histology,
Bangladesh Agricultural University.
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Selection and management of experimental goats

Twenty healthy BBGs of different ages were randomly
selected and purchased from the local markets of
Mymensingh, Bangladesh. The experimental goats were
reared at the Department of Surgery and Obstetrics goat
shed under well-supervised conditions and fed the same
diet. All the goats were dewormed against internal para-
sites with a broad-spectrum anthelmintic (Endex®) and
external parasites with A-Mectin Plus Vet and vaccinated
against tetanus (Tetanus Vaccine®) and Peste des Petits
Ruminants (PPR-Vac®). Following adaptation for 3 weeks,
the BBGs were allowed to graze on pasture land for approx-
imately 8 h daily, along with 300 gm of formulated concen-
trates per goat per day and free access to drinking water.
Regular deworming at 4-month intervals and vaccination
against PPR were performed.

Experimental design

The experimental BBGs were equally distributed into five
groups based on age: Group A (3 to 3.5 years of age) as a
control for analyzing the normal values of immunoglobu-
lins (Igs) and IL-6 in BBGs; Group B (3 to 5 years); Group C
(2 to >3 years); Group D (1 to >2 years); and Group E (<1
year).

Artificial surgical wound introduction in BBGs

A single dose of intramuscular injections of 6 mg/kg xyla-
zine hydrochloride (Xylaxin®, 23.22 mg/ml) and 50 mg/
kg ketamine hydrochloride (G-Ketamine®, 50 mg/ml ket-
amine hydrochloride USP) was used to sedate the goats.
Following anesthesia, except for control BBGs, the back
region was shaved and cleaned with a 10% solution of
povidone-iodine (Povisep®), two surgical lesions of 3 cm in
length and 0.5 cm in depth were created by a vertical inci-
sion, the skin was detached from the underlying tissues,
and the lesions were sealed with a simple discontinuous
silk stitch. All sewing was separated by 8 mm; there was
a 5 mm gap between the needle location and the cutting
edge. All lesions were sealed using nylon and three throws
of cross-mattress suture. All goats were kept under regu-
lar observation, and good feed was provided two times per
day after surgery was performed.

Blood collection, serum preparation, and analysis

To determine the Igs and IL-6, about 5 ml of blood were
collected from each goat of the five groups on days 0 (just
before lesions were created), 3 (D3), 7 (D7), 14 (D14), and
21 (D21) by sterile vacutainers, and sera were separated by
centrifugation at 3,500 rpm for 10 min and stored at -20°C.
The collected sera were analyzed by ELISA using commer-
cial goatIgs and IL-6 kits to analyze the concentration of Igs
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and goat IL-6 to determine the humoral immune responses
in different stages of wound healing in BBGs.

Statistical analysis

An independent sample t-test was conducted using
Statistical Product and Service Solutions version 20.0 to
compare group data. The effects of age on the immunolog-
ical profiles of BBGs in different stages of wound healing
were analyzed by one-way analysis of variance, and the
Duncan multiple range test was applied for post hoc com-
parison using the general linear model.

Results

In this study, humoral immune responses at different
stages of wound healing in experimental BBGs were deter-
mined by evaluating Igs (IgG, IgM, and IgA) and IL-6 levels
in collected sera.

Ig levels in control (Group A: 3 years) BBGs

This study revealed the normal levels of IgG, IgM, and IgA
in BBG to be 0.33 £ 0.01, 2.87 + 0.05, and 20.21 + 0.13 mg/
ml, respectively (Fig. 1). The relative levels of IgA, IgM,
and IgG concentrations were 1.41%, 12.26%, and 86.57%,
respectively, in adult healthy control BBGs (Group-A). The
absolute (20.21 # 0.13 mg/ml) and relative concentrations
(86.57%) of 1gG were comparatively higher than other Igs.
The absolute and relative concentrations of IgA (0.33+0.01
mg/ml and 1.41%) were found in the control BBG serum.
In BBGs, two subtypes of IgG were found: IgG1 (54.43%)

and I1gG2 (45.57%). During the immune response, 1gG1
(11.01 * 0.07) increased sharply, whereas variations in
IgG2 concentrations (9.20 + 0.06) were less evident.

Age-related Igs (IgA, 1gG, and IgM) as humoral immune
response in BBGs

Several age-related alterations in the examined immuno-
logical parameters were detected in the current investiga-
tion. The greater levels of IgM, IgG, and IgA were found at
2.92 + 0.04, 21.11 + 0.20, and 0.35 * 0.02 mg/ml, respec-
tively, in the goats of Group B. On the other hand, the lower
values of IgA, IgG, and IgM were 0.29 + 0.03, 17.16 + 0.18,
and 2.12 * 0.01 mg/ml, respectively, in Group E BBGs.
The IgG concentrations of Group B (21.11 * 0.20 mg/ml),
Group C (19.91 # 0.19 mg/ml), and Group D (18.69 * 0.19
mg/ml) were significantly (p < 0.01) higher than Group E
(17.16 £ 0.18 mg/ml). Still, no significant difference was
found between Group B and Group C or between Group C
and Group D. The IgM concentration of Groups B, C, and
D was significantly (p < 0.01) higher than that of Group E.
Still, no significant difference was found between Groups
B, C, and D. The IgA concentration of Groups B and C was
significantly (p < 0.05) higher than that of Group E, but no
significant difference was found between Groups B and C
or between Groups D and E (Fig. 2).

Age-related alteration of IgG response in different stages of
wound healing in BBGs

Age-related variations of IgG were observed in different
stages of wound healing in Group B on days 0, 3, 7, 14, and
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Figure 1. Graphical representation of different Igs concentrations in control BBGs.
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Figure 2. Age-related IgG (mg/ml) response in different groups of BBGs.

21, and the concentrations were 21.11 + 0.20, 24.65 + 0.16,
27.78 £ 0.14, 5.63 £ 0.10, and 21.24 + 0.05 mg/ml, respec-
tively. IgG concentrations in Group C BBGs were found to
be 19.91 + 0.19, 22.15 + 0.16, 25.61 + 0.14, 24.46 + 0.11,
and 20.55 = 0.11 mg/ml, respectively, on the same days.
IgG concentrations in Group D were found to be 18.69 *
0.19, 21.09 £ 0.22, 24.32 £ 0.15, 23.44 + 0.10, and 19.58 +
0.09 mg/ml, respectively. In Group E, 17.16 + 0.18, 19.24 *
0.15, 22.43 + 0.15, 22.11 + 0.07, and 19.95 # 0.14 mg/ml
were correspondingly found on the same days of wound
healing (Fig. 3). Here, the IgG concentrations at day 0
were significantly (p < 0.01) higher in Groups B, C, and D
than in Group E, but no significant difference was found
between Groups B and C or between Groups C and D. The
IgG concentrations on days 3, 7, and 14 were significantly
(p < 0.01) higher in Group B than in the rest of the groups.
The IgG concentrations on day 21 were significantly (p <
0.01) higher in Group B than in Groups D and E. Still, no
significant differences were found between Groups B and
C, between Groups C and E, or between Groups D and E.

Age-related alteration of IgM response in different stages
of wound healing in BBGs

The IgM (mg/ml) response in different phases of wound
repair in BBGs was found to be 2.93 + 0.05, 3.19 + 0.07,
3.89 + 0.08, 3.43 + 0.10, and 2.95 * 0.12 mg/ml, respec-
tively, in Group B on days 0, 3, 7, 14, and 21. Whereas, in
Group C, the concentrations were found to be 2.87 + 0.03,
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3.09+£0.10,3.52+0.09,3.22+0.07,and 2.97 £ 0.05 mg/m],
respectively. In Group-D, IgM was found to be 2.65 * 0.03,
2.95+0.07,3.38£0.09,3.15 +0.04,and 2.99 + 0.05 mg/ml,
and in Group E, we observed IgM of 2.19 + 0.07, 2.90 + 0.07,
3.37 £ 0.09, 3.13 = 0.05, and 3.01 * 0.02 mg/ml, respec-
tively, at the same stages of wound healing. IgM concen-
trations at different days were not significantly (p > 0.05)
different between groups. In this experiment, it was found
that the IgM concentration increased at different stages
of postoperative wound healing. Goats aged 3 to 5 years
(Group B) showed the most rapid changes in IgM concen-
tration in different stages. On the other hand, the goats in
Group D exhibit slower changes in IgM concentration and
delayed wound healing. The serum IgM concentrations
were increased to their highest on the 7th day and then
decreased from the 14th day to the 21st day in level toward
the same pattern that was displayed in pre-incisional time
(day 0), which is shown in Figure 4.

Age-related alteration of IgA concentrations in different
stages of wound repair in BBGs

The IgA concentrations in different phases of wound repair
in Group B BBGs were found to be 0.33 + 0.005, 0.36 *
0.005, 0.41 + 0.005, 0.38 £ 0.005, and 0.33 = 0.004 mg/m],
respectively, on days 0, 3, 7, 14, and 21. Whereas, Group
C showed 0.31 + 0.006, 0.34 + 0.008, 0.37 + 0.004, 0.35 *
0.003,and 0.32 + 0.004; Group D showed 0.31 +0.007,0.33
+0.007,0.36 +0.004,0.34 + 0.005,and 0.33 £ 0.006 mg/ml,

Samaddar et al. / J. Adv. Vet. Anim. Res., 10(3): 361-369 September 2023 364



=4—Group B (3-5)
~4—Group D (1-<2)

S &

5

=

IgG Concentrations (mg/ml)

10 - ‘

=#=Group C(2-3)
—=GroupE(<1)

Day 3

Stages of wo

Day 14

Day 21

Day 7

und healing (Days)

Figure 3. Change in IgG (mg/ml) resp
healing in BBGs.

onse in different stages of wound

~4—Group B (3-5)
=4=Group D (1-<2)

=
5, ]

'S

(mg/ml)

W

w

Concentrations
~
o

IgM

15 - T

~B~Group C(2-3)
==GroupE(<1)

Day 3

Stages of wound healing (Days)

Day 7 Day 14 Day 21

Figure 4. Age-related IgM response in different stages of wound healing in
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respectively; and Group E exhibited 0.29 = 0.005, 0.32 *
0.005, 0.34 £ 0.003, 0.33 + 0.004, and 0.32 + 0.004 mg/
ml, respectively, on the same days (Fig. 5). There were no
significant differences in IgA concentrations at days 0, 3,
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and 21 in different groups. The IgA concentration was sig-
nificantly (p < 0.01) higher in Group B than in other groups
on day 7. The IgA was significantly higher in Groups B and
C than in Groups D and E. Still, no significant (p < 0.05)
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Figure 5. Age-related IgA response in different stages of wound healing in BBGs.

difference was found between Groups B and C or among
Groups C, D, and E. Like IgG and IgM, the amount of IgA is
also high in older groups.

Changes in IL-6 (pg/ml) concentration of BBGs according to
age

Among the pro-inflammatory cytokines, IL-6 plays a key
role in the humoral and cell-mediated immune systems
of BBGs. The higher concentrations (1.62 + 0.05 pg/ml)
were found in Group B goats, and the lower concentrations
(1.55 + 0.04 pg/ml) were found in Group E goats (Fig. 6).

IL-6 response in different stages of wound healing in BBGs

The serum IL-6 response in Group-B BBGs was found to
be 1.62 * 0.05, 2.92 * 0.05, 4.02 £ 0.05, 2.88 * 0.04, and
1.62 * 0.04 pg/ml at days 0, 3, 7, 14, and 21, respectively.
In Group C, the IL-6 was found at 1.59 + 0.04, 2.76 + 0.06,
3.76 £ 0.04, 3.19 + 0.07, and 1.77 * 0.05 pg/ml, respec-
tively; in Group D, we observed 1.42 + 0.05, 2.51 + 0.05,
3.59 + 0.07, 3.04 + 0.04, and 1.82 + 0.06 pg/ml, respec-
tively, on the same days. In Group E, it was found at 1.55 *
0.04, 2.13 £ 0.06, 3.29 £ 0.03, 3.18 + 0.05, and 2.25 + 0.08
pg/ml, respectively, at 0, 3, 7, 14, and 21 days post-infec-
tion (Fig. 7). The IL-6 concentrations were increased to
their highest levels on day 7, and then gradually decreased
from day 14 up to day 21.

Discussion

In this experiment, it was found that Igs (IgG, IgM, and IgA)
concentrations were increased at different stages of the
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postoperative days of wound healing. The BBGs of differ-
ent ages showed various levels of Igs (IgG, IgM, and IgA)
according to their humoral immune response to wound
healing. In the present age-related humoral immune
response experiments, the normal levels of Igs (IgG, IgM,
and IgA) in healthy adult (Group-A) BBGs were found to be
20.21 + 0.13, 2.87 = 0.05, and 0.33 * 0.01 mg/ml, respec-
tively. These findings were within the standard limit and
supported by Pomorska-Mél and Markowska-Daniel [20]
and Donovan et al. [21]. However, the Igs level was much
lower than the report of Bayram et al. [22], and minor dis-
crepancies were found with the findings of Pomorska-Mél
et al. [23]. This investigation demonstrated that, irrespec-
tive of the goat’s age, IgG was the main Igs in the serum.
In contrast, IgA constituted the smallest class of serum Igs
identified in goat serum. According to Herr et al. [24], Igs
as glycoproteins are essential components of the humoral
immune system. Three classes of antibodies have been
found, and their prevalence in the blood serum is in the
order of IgG>IgM>IgA.

In the current study, the concentrations of IgA, IgM, and
IgGin serarose with age, with the highestamounts reported
in goats between 3 and 5 years old, which displayed rapid
wound healing. Similar findings were also reported: older
individuals have a higher IgG concentration (both absolute
and relative) than younger individuals [21,25,26]. As the
immune system grows, Igs production becomes more effi-
cient, and serum IgG, IgM, and IgA concentrations increase
[27]. The goats under 1 year showed lower IgG, IgM, and
IgA concentrations and a slower wound healing process.
This is due to the lack of maturity of the lymphoid system
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[27]. According to Flaminio et al. [28], the serum IgM and
IgG concentrations of goats grew proportionally with their
ages, and age-related variations in humoral and cell-medi-
ated development were similarly observed in horses [29].
Therefore, age is an essential factor in evaluating serum Igs

content. Here it was found that IgG, IgM, and IgA concen-
trations were more or less increased to their highest level
on days 7 and 14, then decreased to levels nearer to their
normal range on day 21 in BBGs; similar observations were
agreed upon by the findings of Aschermann et al. [30].
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The IL-6 concentration (1.60 pg/dl) found in this
experiment was close to the finding of Effros et al. [31]
but considerably lower than that described by Roubenoff
et al. [32]. The concentration of IL-6 in serum increased
with the age of BBGs, with a higher level observed in the
3-5-year-old age group, and similar results were reported
in previous studies [31,32]. The concentration of IL-6 sig-
nificantly increased on day 7, as shown in Figure 6. In 1996,
Tsujinaka et al. [33] reported that IL-6 levels are raised in
various inflammatory conditions and, in experimental ani-
mals, can generate cachexia. Adult BBGs (3-5 years old)
showed higher concentrations and rapid wound healing in
response to IL-6. Besides, the BBGs under 1 year showed
a lower concentration of IL-6 and delayed wound healing.
These findings were due to the maturation of the lymphoid
system and, consistent with previous research, the ele-
vated serum IL-6 levels in apparently healthy elderly sub-
jects but not in younger animals [31,34,35].

In the current investigation, the concentrations of Igs
(IgG, IgM, and IgA) and IL-6 differed significantly (p < 0.01)
among BBGs of different ages; this effect was partially sup-
ported by the study of Shaikat et al. [36]. The increase in
immune concentrations may be attributed to the acute
inflammation evocated by the wound, and the Igs and IL-6
values were gradually restored to their normal pre-inci-
sional levels at 21 days. The concentrations of Igs and IL-6
were elevated in the first week of post-wounding in all the
groups of BBGs with significant differences; these findings
are consistent with the study of Crovetti et al. [37]. As this
is the first report in Bangladesh for age-related immune
responses in BBGs, further study is needed considering
species, sex, seasonality, and environmental variables for a
better understanding of immune responses in goats.

Conclusion

In a nutshell, it can be concluded that both the relative and
absolute serum Igs and IL-6 concentrations are affected
by age. All Igs concentrations were higher in older BBGs
than younger ones. Therefore, the older group showed a
faster wound-healing process. The current study depicted
age-related immunological variables in terms of the phys-
iological development system, lack of maturity of the
immune function, and immunological reactions within the
body throughout normal development. The current find-
ings also suggest that valid comparisons of serum Igs lev-
els (relative and absolute) between diseased and healthy
animals are impossible without sufficient regulation of
age-related biological changes. The findings will also assist
veterinarians with the molecular pathways by which the
immune system regulates the wound healing process at
different ages, thereby facilitating the development of
novel regenerative therapies.

http://bdvets.org/javar/

List of abbreviations

BBGs, Black Bengal Goats; °C, Degree Celsius; DMRT, Duncan
Multiple Range Test; hrs., Hour; IgA, Immunoglobulin A;
IgG, Immunoglobulin G; IgM, Immunoglobulin M; IL-6,
Interleukin-6.

Acknowledgment

The authors would like to convey heartfelt gratitude to the
University Grant Commission for financial support and to
the Department of Surgery and Obstetrics, Department of
Anatomy and Histology, and Department of Microbiology
and Hygiene, Bangladesh Agricultural University (BAU),
Bangladesh, for laboratory and all other kinds of support.

Conflicts of interest

The authors declared no conflicts of interest regarding the
experiments and the manuscript.

Authors’ contributions

KS, MHR, MSR, MLI, and MMH conducted the experi-
ments; KS and MHR wrote the original manuscript; ZH and
MMR conceptualized and designed the experiments, and
reviewed and edited the manuscript; MMR supervised the
research work. All authors revised and approved the final
manuscript.

References

[1]  Devendra C. Perspectives on animal production systems in
Asia. Livest Sci 2007; 106:1-18; https://doi.org/10.1016/j.
livsci.2006.05.005_

[2]  Silanikove N. The physiological basis of adaptation in goats to harsh
environments. Small Rumin Res 2010; 35(3):181-93; https://doi.
org/10.1016/50921-4488(99)00096-6_

[3] Moni MIZ, Samad MA. Evaluation of productive and reproductive
performances of black Bengal goats in Rajshahi government goat
development farm in Bangladesh. ] Vet Med Sci 2019; 1(2):201-10;
https://doi.org/10.36111/jvmohr.2019.1(2).0012_

[4]  Marshall JS, Warrington R, Watson W, Kim HL. An introduction to
immunology and immunopathology. Allergy Asthma Clin Immunol
2018; 14:49; https://doi.org/10.1186/s13223-018-0278-1.

[5]  Mantovani A, Barajon ], Garlanda C. IL-1, IL-1 regulatory pathways
in cancer progression and therapy. Immunol Rev 2018; 281(1):57-
61; https://doi.org/10.1111/imr.12614._

[6] Bonilla FA, Oettgen HC. Adaptive immunity. Allergy Asthma Clin
Immunol 2010; 125(2S2):33-40; https://doi.org/10.1016/j.
jaci.2009.09.017.

[7]  Doni A, D'Amico G, Morone D, Mantovani A, Garlanda C. Humoral
innate immunity at the crossroad between microbe and
matrix recognition: the role of PTX3 in tissue damage. Semin
Cell Dev Biol 2017; 61:31-40; https://doi.org/10.1016/j.
semcdb.2016.07.026_

[8]  Warrington R, Watson W, Kim HL, Antonetti FR. An introduction to
immunology and immunopathology. Allergy Asthma Clin Immunol
2011; 7(1):S1; https://doi.org/10.1186/1710-1492-7-S1- S1_

[9] Clem AS. Fundamentals of vaccine immunology. ] Glob Infect Dis
2011; 3(1):73-8; https://doi.org/10.4103/0974-777X.77299

Samaddar et al. / J. Adv. Vet. Anim. Res., 10(3): 361-369 September 2023 368



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

http://bdvets.org/javar/

Robson MC, Steed DL, Franz MG. Wound healing: biologic features
and approaches tomaximize healing trajectories. Curr Probl Surg
2001; 38:72-140; https://doi.org/10.1067 /msg.2001.111167.
Vanwijck R. Surgical biology of wound healing. Bulletin et
Memoires de L'academie Royale de Medecine de Belgique 2001;
115:175-84.

Singer AJ, Clark RA. Cutaneous wound healing. N Engl ] Med 1999;
341:738-46; https://doi.org/10.1056/NEJM199909023411006_
Velnar T, Bailey T, Smrkolj V. The wound healing process: an over-
view of the cellular and molecular mechanisms. ] Int Med Res 2009;
37:1528-42; https://doi.org/10.1177/147323000903700531_
Khadilkar R], Ray A, Chetan DR. Differential modulation of the cel-
lular and humoral immune responses in Drosophila is mediated by
the endosomal ARF1-Asrij axis. Sci Rep 2017; 7:118; https://doi.
org/10.1038/s41598-017-00118-7_

Hilligan KL, Ronchese F. Antigen presentation by dendritic cells and
their instruction of CD4+ T helper cell responses. Cell Mol Immunol
2020; 17:587-99; https://doi.org/10.1038/s41423-020-0465-0_
Rose-John S, Winthrop K, Calabrese L. The role of IL-6 in host
defence against infections: immunobiology and clinical impli-
cations. Nat Rev Rheumatol 2017; 13(7):399-409; https://doi.
org/10.1038/nrrheum.2017.83_

Johnson BZ, Stevenson AW, Préle CM, Fear MW, Wood FM. The role
of IL-6 in skin fibrosis and cutaneous wound healing. Biomedicines
2020; 8(5):101; https://doi.org/10.3390/biomedicines8050101_
Jones SA, Jenkins BJ. Recent insights into targeting the IL-6 cyto-
kine family in inflammatory diseases and cancer. Nat Rev Immunol
2018; 18:773-89; https://doi.org/10.1038/s41577-018-0066-7._
Natarajan S, Williamson D, Stiltz A]. Advances in wound care
and healing technology. Am ] Clin Dermatol 2000; 1(5):269-75;
https://doi.org/10.2165/00128071- 200001050-00002_
Pomorska-Mdél M, Markowska-Daniel 1. Age-dependent changes in
the relative and absolute size of lymphocyte subsets in the blood of
pigs from birth to slaughter. Bull Vet Inst Pulawy 2011; 55:305-10.
Donovan GA, BadingaL, Collier R], Wilcox CJ, Braun RK. Factors influ-
encing passive transfer in dairy calves. ] Dairy Sci 1986; 69(3):754-
9; https://doi.org/10.3168/jds.S0022-0302(86)80464-7_

Bayram B, Aksakal V, Turan I, Demir S, Mazlum H, Cosar I
Comparison of immunoglobulin (IgG, IgM) concentrations in calves
raised under organic and conventional conditions. Indian ] Anim
Res 2016; 50(6):995-9; https://doi.org/10.18805 /ijar.11472_
Pomorska-Mdl M, Krzysiak MK, Larska M, Wtodarek J. The first
report of immunoglobulin G, M, and A concentrations in serum of
European bison and their changes with age. ] Immunol Res 2020;
23:2614317; https://doi.org/10.1155/2020/2614317.

Herr M, Bostedt H, Failing K. IgG and IgM levels in dairy cows during
the periparturient period. Theriogenology 2011; 75(2):377-85;
https://doi.org/10.1016/j.theriogenology.2010.09.009

Weaver DM, Tayler JW, VanMetre DC, Hostetler D, Barrington
GM. Passive transfer of colostral immunoglobulins in

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Samaddar et al. / J. Adv. Vet. Anim. Res., 10(3): 361-369 September 2023

calves. ] Vet Intern Med 2000; 14(6):569-77; https://doi.
org/10.1892/0891-6640(2000)014<0569:ptocii>2.3.co;2_

Nagy O, Tothova C, Kovac G. Age-related changes in the con-
centrations of serum proteins in calves. ] Appl Anim Res 2014;
42(4):451-8; https://doi.org/10.1080/09712119.2013.875918.
Chaudhary ZI, Igbal ], Rashid ]. Serum protein electrophoretic pat-
tern in young and adult camels. Aust Vet ] 2003; 81(10):625-6;
https://doi.org/10.1111/j.1751- 0813.2003.tb12508.x_

Flaminio M], Rush BR, Shuman W. Peripheral blood lymphocyte
subpopulations and immunoglobulin concentrations in healthy
foals and foals with Rhodococcus equi pneumonia. ] Vet Intern Med
1999; 13(3):206-12; https://doi.org/10.1111/j.1939-1676.1999.
th02180.x

McFarlane D, Sellon DC, Gibbs SA. Age-related quantitative alter-
ations in lymphocyte subsets and immunoglobulin isotypes in
healthy horses. Am ] Vet Res 2001; 62(9):1413-7; https://doi.
org/10.2460/ajvr.2001.62.1413._

Aschermann S, Lux A, Baerenwaldt A, Biburger M, Nimmerjahn
FE. The other side of immunoglobulin G: suppressor of inflam-
mation. Clin Exp Immunol 2010; 160(2):161-7; https://doi.
org/10.1111/j.1365-2249.2009.04081.x_

Effros RB, Svoboda K, Walford RL. Influence of age and caloric
restriction on macrophage IL-6 and TNF production. Lymphokine
Cytokine Res 1991; 10:347-51.

Roubenoff R, Harris TB, Abad LW, Wilson PWF, Dallal GE, Dinarello
CA. Monocyte cytokine production in an elderly population: effect
of age and inflammation. ] Gerontol 1998; 53(1):M20-6; https://
doi.org/10.1093 /gerona/53A.1.M20_

Tsujinaka T, Fujita ], Ebisui C, Yano M, Kominami E, Suzuki K, et
al. Interleukin-6 receptor antibody inhibits muscle atrophy and
modulates proteolytic systems in interleukin 6 transgenic mice.
] Clin Investig 1996; 97(1):244-9; https://doi.org/10.1172/
JC1118398.

Daynes RA, Araneo BA, Ershler WB, Maloney C, Li GZ,
Ryu SY. Altered regulation of IL-6 production with nor-
mal aging. ] Immunol 1993; 150:5219-30; https://doi.
org/10.1097/00000658-198907000-00011_

Christou W, Tellado-Rodriguez ], Chartrand L, Giannas B,
Kapadia B, Meakins ], et al. Estimating mortality risk in preoper-
ative patients using immunologic, nutritional, and acute-phase
response variables. Ann Surg 1989; 210:69-77; https://doi.
org/10.1097/00000658-198907000-00011_

Shaikat AH, Hassan MM, Khan SA, Islam MN, Hoque MA, Bari MS,
et al. Haemato-biochemical profiles of indigenous goats (Capra
hircus) at Chittagong, Bangladesh. Vet World 2013; 6(10):789-93;
https://doi.org/10.14202 /vetworld.2013.789-793_

Crovetti G, Martinelli G, Issi M, Barone M, Guizzardi M, Campanati
B, et al. Platelet gel for healing cutaneous chronic wounds.
Transfus Apher Sci 2004; 30:145-51; https://doi.org/10.1016/j.
transci.2004.01.004._

369



