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Background: Traditional and natural immunomodulators are increasingly used as supplements in animal
feeds and as interventions in the prevention and treatment of disease in animals.
Objective: The aim of this study was to examine the immunomodulatory characteristics of distilled cow
urine in vivo using two mouse models, a normal mouse model and an immunosuppressive mouse model.
Methodology: We divided 144 Swiss Albino mice weighing between 15 g and 30 g, aged between two
and three months, into two groups of 72 mice each. In the first group, we subdivided the animals into six
subgroups of 12 each. In this group paramerters such as, body weight, organ weights of liver and kidney,
haemagglutination titre, Jerne plaque-forming assay, and bone marrow cellularity were measured. We
divided the second group into six subgroups for the assessment of delayed-type hypersensitivity (DTH).
Results: As compared to normal control mice, immunocompetent and immunosuppressed mice (given
cow urine distillate) had significant increases in body weight, spleen weight, liver weight, total leucocyte
count, lymphocyte count, serum protein, and globulin contents. In the treatment groups, the titre of
antibodies, the number of antibody- producing cells, the cellularity of bone marrow, and foot pad
thickness also increased. In the treatment group, both humoral and cellular immunity were altered
compared to the control group, suggesting cow urine distillate to be a potential animal feed ingredient
for immunoregulation.
Conclusion: This study was able to demonstrate the experimental validity of natural compounds as
immunomodulators that can be used in feed supplements for animals. Various compounds could be
tested for immunomodulatory effects using this technique in experimental animals.
© 2023 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Animal feed supplements containing immunomodulators are
becoming increasingly popular [1e3]. It is widely recognized that
antibiotics as feed additives are linked to the development of
antimicrobial resistance and the emergence of superbugs, which
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are detrimental to livestock, poultry, and aquaculture. In the live-
stock industry, acquired resistance to antibiotics plagues the in-
dustry, making it imperative to continue exploring alternative
options [6]. There has been considerable evidence that immuno-
modulatory agents positively influence animal immunity and are
crucial for the host's innate immune system [7]. A growing body of
evidence indicates that immunomodulators protect livestock
against invasive pathogens and reduce the need for antibiotics as
feed additives [4e7]. There are some countries that restrict the use
of antibiotics in feed supplements. To solve this problem, alterna-
tive feed supplements derived from natural sources are being
studied [8,9]. Animal and plant-derived natural products may be
used as immune modulatory feed additives [10e13]. An example
would be a study conducted by Park et al., 2011 examining the
effect of porcine placental extract on immune modulation in
weaned piglets in a mouse model and recommending its use as a
feed supplement [14].

Despite the fact that urine is biowaste, it contains a number of
bioactive compounds with therapeutic properties [15e20]. In Ay-
urvedic medicine, urine-derived formulations are prescribed to
treat many diseases [13]. In the murine colitis model, human urine-
derived stem cells have been shown to have immunomodulatory
properties [16]. These cells are used to treat a variety of ailments
[17]. Based on physiological pathway analysis, Kumar et al. [18]
applied peptide profiling and in-silico analysis to predict the
bioactive properties of cow urine. Novel feed supplements have
been identified as suitable for use in a range of climates, including
thosewith extreme conditions [13]. Cow urine has been patented in
the U.S. for its medicinal properties, including its use to treat bac-
terial infections and cancer [20,21]. Urine contains several thera-
peutic compounds that can be used for both human and veterinary
medicine [22e24].

In this study, immunosuppressed Swiss albino mice as well as
normal Swiss albino mice were tested to see if cow urine could be
used as a feed supplement to modulate immune function.

2. Materials and methods

In immunocompetent and immunosuppressed mice, Vechur
distillate and crossbred cow urine distillate were administered at a
dose rate of 10.8 mlkg-1 body weight [25]. On days 9, 10, and 11,
cyclophosphamide was administered intraperitoneally to six ani-
mals, then to another six animals on days 16, 17, and 18 [26].
Cyclophosphamide was injected 1 h after giving urine distillate or
distilled water (see supplementary material).

2.1. Experimental animals and experimental design

A total of 144 male Swiss Albino mice aged between two and
three months weighing between 15 and 30 g were used for this
Table 1
Experimental protocol.

Group Treatment

A1&BI (normal control) For 19 days, distilled water alone was administered at a
AII&BII (cyclophosphamide

control)
On the 9th, 10th, and 11th day, distilled water was given
and 18th day, cyclophosphamide was given at a dose rate
administration.

AIII&BIII A dose of 10.8 ml kg�1 body weight was administered o
AIV&BIV Oral administration of crossbred cow urine distillate at a

cyclophosphamide at a dose rate of 30 mg k�1 g body we
and on the 16th, 17th and 18th days for the remaining s

AV&BV Vechur cow urine distillate was administered orally for 1
AVI&BVI Orally administered Vechur cow urine distillate at a dose

cyclophosphamide at a dose rate of 30 mgkg-1 body weig
days for the remaining six animals, 1 h after urine distill
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study. We obtained themice in the small animal breeding station at
the College of Veterinary and Animal Sciences, Mannuthy. In the
week prior to the experiment, the animals were kept in the shelter
and were fed and managed similarly.

A total of 72 mice were used for testing haemagglutination
(HA) titre, the Jerne plaque-forming assay, and bone marrow
cellularity, while the remaining 72 mice were tested for delayed-
type hypersensitivity (DTH). To begin, the experimental set was
randomly divided into six groups of 12 each, denoted AI, AII, AIII,
AIV, AV, and AVI. In addition, 72 mice were randomly divided
into six groups of 12 mice each, identified as BI, BII, BIII, BIV, BV,
and BVI. A summary of the experimental protocol is shown in
Table 1.

A dose of 0.2 ml of sheep RBC (SRBC) antigen containing
1 � 108 cells ml�1 per 100 g of body weight was administered
intraperitoneally on day five to all groups (see Table 2). For this
study, cow urine distillates were given at a dose of 10.8 ml kg�1

body weight, and distilled water was given as a control.
Cyclophosphamide was administered intraperitoneally at 30 mg
kg�1 of body weight [26]. On the 12th day, the first six animals
in each group were sacrificed. The rest were sacrificed on the
19th day.

2.2. Evaluation of immunomodulatory status

To evaluate immune modulatory function, a variety of physio-
logical, haematological, biochemical, and immunological parame-
ters were used. In addition to assessing physiological parameters
such as body weight and relative organ weight, we assessed hae-
matological parameters such as leukocyte count and differential
leukocyte count. Biochemical parameters assessed included serum
total protein, serum globulin, albumin-globulin ratio, and hae-
magglutination test. Utilizing both the Jerne plaque-forming assay
and bone marrow cellularity, we evaluated both humoral and
cellular immune responses.
2.3. Measurement of physiological parameters

The weight of the individual mouse was recorded before and
after the experiment. Theweight of the organs like the spleen, liver,
and kidney was also recorded at the time of sacrifice.
2.4. Measurement of haematological parameters

Mice from the groups AI-AVI were bled on days 0, 5,12, and 19 of
the experiment by puncturing the retro-orbital plexus with plastic
capillaries. Anticoagulants used in this study were heparinized
capillary tubes and ethylene diamine tetraacetic acid, and total and
differential counts of leukocytes were measured [27].
dose of 10.8 ml kg�1 body weight.
at a dose rate of 10.8 ml/kg body weight to the first six animals. On the 16th, 17th,
of 30 mg kg�1 body weight to the remaining six animals, 1 h after distilled water

rally for 19 days with crossbred cow urine distillate.
dose rate of 10.8 ml kg�1 body weight for 19 days and intraperitoneal injection of
ight was administered during the 9th, 10th, and 11th days for the first six animals
ix animals, 1 h after the urine distillate was administered.
9 days at a dose rate of 10.8 ml kg�1 body weight.
rate of 10.8 ml kg�1 body weight for 19 days and intraperitoneally injected
ht on 9th, 10th, and 11th days for the first six animals and on 16th, 17th, and 18th
ate administration.



Table 2
Constituents of Vechur and crossbred cow urine distillate.

SI. No Component Vechur urine distillate Crossbred urine distillate

1 Protein Not Detected Not Detected
2 Glucose Not Detected Not Detected
3 Ketone bodies Not Detected Not Detected
4 Bile salt Not Detected Not Detected
5 Urobilinogen Not Detected Not Detected
6 Bilirubin Not Detected Not Detected
7 Urea Present (71 mg %) Present (58 mg %)
8 Uric acid Present (0.7 mg %) Present (0.5 mg %)
9 Creatinine Present (3 mg %) Present (1.8 mg %)
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2.5. Measurement of biochemical parameters

Blood was collected from AI - AVI in a test tube without anti-
coagulant using plastic capillaries [27]. The blood was centrifuged
for 10 min at 2500 rpm, and the serum was separated. The serum
total protein content was determined by the Biuret method [28]
and the bromocresol green dye method [29]. By subtracting serum
albumin from serum total protein, serum globulin is calculated.

2.6. Evaluation of humoral and cell-mediated immune response

2.6.1. Haemagglutination test
Blood samples were collected from mice from groups AI-AVI on

day 0, day 12, and day 19 of the experiment, and haemagglutination
tests were performed [30]. Two-fold dilutions of sera were pre-
pared in 0.15 M PBS (pH 7.2), and 50 ml from each of the dilutions
was transferred to 96-well microtitre plates. To each well, 1 ml of
SRBC suspensionwas added in 99 ml of PBS and thoroughly mixed.
After 1 h of incubation at 37 �C, the plates were tested for hae-
magglutination. As a measure of HA titre, the inverse of the peak
dilution of sample serum that agglutinated 50% is used.

2.6.2. Determination of antibody-forming cells (splenic plaque-
forming cells)

Following sterile procedures, rabbit blood was collected from
the University Rabbit Farm in Mannuthy. The serum was stored
at �20 �C after separation. The number of antibody-producing
cells was calculated, as described in Ref. [31]. Six mice from
each group AI - AVI were overdosed with ether on day 12 and
sacrificed. Spleen cells were isolated and suspended in the RPMI-
1640 medium (Rosewell Park Memorial Institute-1640, Himedia,
Bombay). 1 ml of spleen cells from treated mice (1 � 106 cells in
RPMI-1640 medium) and 0.1 mL of fresh 20 percent SRBC sus-
pension in PBS (20 ml of SRBC in 80 ml of PBS) were added to 2ml
of agarose (0.6%) taken in tubes kept at 45 �C and mixed well. In a
grease-free slide, the contents of the tubes were poured and
spread over a 100 � 200 area until solidified. Using adhesive tapes, a
second slide was placed over the first. The emptiness between the
two slides was filled with the complement. Fresh rabbit serum
(1:10 diluted in PBS, pH 7.2) was used as a complement source.
One hour was spent incubating the slides at 37 �C on an incuba-
tion rack. Plaques formed by haemolysis, found to be empty due to
hemolysis, were counted and expressed as the number of plaques
per million lymphocytes (splenocytes). On day 19, the experiment
was repeated in the same pattern in each of the remaining six
mice.

2.6.3. Determination of bone marrow cellularity
Cells from the femur were sampled to determine the cellularity

of the bone marrow [32]. Both hind legs were dissected, and the
femurs were removed. The condyles of the femur were removed
3

using sharp scissors followed by a flush with 10% foetal calf serum
(Himedia in Bombay). The blood cells per femur were expressed as
a million count haemocytometrically. Six mice from each group
were subjected to the same experiment on day 19 of the
experiment.

2.7. Delayed-type hypersensitivity (DTH)

In order to prime the animals before the DTH test, SRBC antigen
was used [33]. The mice were transiently injected with SRBC an-
tigen subcutaneously on their right hind footpads on day 12 after
being primed with SRBC antigen (concentration of 1 � 108 cells per
0.025 ml in PBS) intraperitoneally. The left hind footpad was
administered 0.025 ml of saline. We used Vernier calipers to
determine the swelling at three different dimensions following
24 h of the challenge. The difference in footpad thickness was
measured as a measure of DTH. On the 19th day, the test was
repeated on the remaining six mice in each group.

2.8. Statistical analysis

To compare conditions between periods, between treatments,
and between period � treatment interactions, we performed
repeated measure ANOVA. To compare means between groups, a
one-way ANOVA was used, and Duncan's Multiple Range Test was
used if the analysis of variance was significant. It was assumed that
P < 0.05 was statistically significant. All analyses were performed in
R (version 4.1.0) [34].

3. Results

3.1. Physiological parameters

3.1.1. Body weight
On days 0, 12, and 19 of the experiment, the mean body weights

of the AI and AVI groups are shown in Table 3. On the 19th day of the
experiment, the mice in the Vechur urine distillate-treated group
(AV) had significantly higher body weights than the mice in the
normal control group (NC). An increase in body weight (P < 0.05)
was also observed on the 19th daywhen Vechur urine distillate was
administered to cyclophosphamide-treated animals (AVI).

The values are expressed as mean ± SE for six observations. AI-
normal control, AII-cyclophosphamide-control, AIII- crossbred
urine, AIV-crossbred urine plus cyclophosphamide, AV- Vechur
urine, AVI-Vechur urine plus cyclophosphamide. The means with
superscript a (comparison of AI versus AII to AVI) differ significantly
(P < 0.05). The means bearing superscript b (comparison of AII
versus AIV and AVI) differ significantly (P < 0.05). The means
bearing superscript c (comparison of A1 versus AV) differ signifi-
cantly (P < 0.05). The means bearing superscript d (comparison of
AII versus AVI) differ significantly (P < 0.05).

3.1.2. Organ weight
The weight of internal organs such as liver, kidney, and spleen

was recorded on days 12 and 19 of the experiment and is given in
Table 3. When compared to the normal control, the cyclophos-
phamide control group (AII) had lower spleenweights (P < 0.05) on
days 12 and 19. During the experimental period, the spleen weight
of the urine-treated and crossbred animals increased significantly
relative to the control. On the 12th and 19th days of the experiment,
immunosuppressed animals (AVI) treated with Vechur urine had
significantly greater spleen weights (P < 0.05) than control animals
(AI). Compared to cyclophosphamide controls (Group AII), immu-
nosuppressed animals from both crossbred and Vechur urine
groups (Group AIV and AVI) showed an increase in spleen weight



Table 3
Body and organ weight.

Physiological parameters Days AI AII AIII AIV AV AVI

Body weight (g)
First six animals 0 23.67 ± 1.74 23.67 ± 1.36 22.42 ± 1.65 22.93 ± 2.16 23.42 ± 2.15 23.67 ± 1.73
First six animals 12 23.83 ± 1.47 21.55 ± 1.09 24.43 ± 1.84 22.98 ± 1.82 26.38 ± 1.59 23.7 ± 1.59
Last six animals 0 24.17 ± 1.42 23.58 ± 1.51 23.3 ± 1.31 23.27 ± 1.67 23.48 ± 1.28 23.68 ± 1.60
Last six animals 12 24.50 ± 1.59 23.77 ± 1.55 24.78 ± 1.65 24.65 ± 1.34 26.18 ± 1.23 25.73 ± 1.57
Last six animals 19 24.67 ± 1.49 21.32 ± 1.05 27.83 ± 1.14 24.70 ± 1.44 29.37a ± 1.08 25.93b ± 1.13
Spleen weight (g/100 g body weight)

12 0.30 ± 0.01 0.25a ± 0.01 0.35a ± 0.04 0.31b ± 0.02 0.39a ± 0.01 0.34ab ± 0.02
19 0.30 ± 0.01 0.26a ± 0.01 0.26a ± 0.03 0.34b ± 0.01 0.51a ± 0.05 0.30ab ± 0.01

Kidney weight (g/100 g body weight)
12 1.59 ± 0.05 1.50 ± 0.04 1.64 ± 0.08 1.53 ± 0.07 1.68 ± 0.05 1.60 ± 0.08
19 1.59 ± 0.08 1.51 ± 0.02 1.69 ± 0.19 1.58 ± 0.06 1.73 ± 0.23 1.59 ± 0.06

Liver weight (g/100 g body weight)
12 5.70 ± 0.33 5.16 ± 0.14 6.61 ± 0.54 5.81 ± 0.26 6.99a ± 0.43 6.30b ± 0.31
19 5.84 ± 0.39 5.19 ± 0.12 7.02a ± 0.38 6.31b ± 0.54 8.04ac ± 0.15 6.96ab ± 0.31

First six animals- Cyclophosphamide 30 mg kg�1 body weight administered intraperitoneally on days 9, 10, and 11. Last six animals- Cyclophosphamide 30 mg kg�1 body
weight was administered intraperitoneally on days 16, 17, and 18. AI-normal control, AII-cyclophosphamide control, AIII- crossbred urine, AIV-crossbred urine þ cyclo-
phosphamide, AV- Vechur urine, AVI-Vechur urineþ cyclophosphamide. Values are expressed in mean ± SE for six observations. Means bearing superscript a (comparison of AI

versus AII to AVI) differ significantly (P < 0.05). Means bearing superscript b (comparison of AII versus AIV and AVI) differ significantly (P < 0.05). Means bearing superscript c
(comparison of AIII versus AV) differ significantly (P < 0. 05). Means bearing superscript d (comparison of AIV versus AVI) differ significantly (P < 0.05).
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on days 12 and 19. The kidney weights did not differ significantly
between the treatment groups on the 12th and 19th days. The liver
weight of only the Vechur urine (AV) treated animals increased
significantly (P < 0.05) in comparison to the normal controls.
Immunosuppressed animals (AVI) treated with Vechur urine
showed a significant increase compared to cyclophosphamide-
treated controls.

3.1.3. Haematological parameters

3.1.3.1. Total leukocyte count. For all mice in groups AI to AVI,
Table 4 shows the total leukocyte count on the 0th, 5th, 12th, and
19th day of the experiment. Crossbred and Vechur urine-
administered mice (AIII and AV) had significantly higher
Table 4
Haematological parameters.

Haematological parameters Days AI AII

Total Leukocyte Count (103/mm3)
First six animals 0 6.25 ± 0.41 6.40 ± 0.47
First six animals 5 6.30 ± 0.26 6.50 ± 0.43
First six animals 12 6.50 ± 0.23 5.38a ± 0.49
Last six animals 0 6.75 ± 0.09 6.70 ± 0.09
Last six animals 5 6.78 ± 0.29 6.97 ± 0.36
Last six animals 12 6.67 ± 0.19 6.98 ± 0.36
Last six animals 19 6.67 ± 0.19 6.98 ± 0.36
Lymphocyte count (%)
First six animals 0 74.83 ± 1.6 73.83 ± 1.2
First six animals 5 74.67 ± 0.8 73.50 ± 1.5
First six animals 12 75 ± 1.1 72 a ± 0.5
Last six animals 0 75 ± 1.3 74 ± 1.5
Last six animals 5 75.5 ± 0.9 74.8 ± 1.4
Last six animals 12 75 ± 1.1 74 ± 0.9
Last six animals 19 76 ± 1.1 73 ± 1.2
Neutrophil count (%)
First six animals 0 24.83 ± 1.49 25.33 ± 1.38
First six animals 5 24.67 ± 0.92 25.83 ± 1.66
First six animals 12 24.33 ± 1.41 27.17 ± 0.83
Last six animals 0 24.3 ± 1.3 25 ± 1.8
Last six animals 5 24.2 ± 1.0 24 ± 1.5
Last six animals 12 24 ± 1.5 25 ± 1.2
Last six animals 19 23.7 ± 1.2 25.8 ± 1.4

First six animals- Cyclophosphamide 30 mg kg�1 body weight administered intraperiton
weight was administered intraperitoneally on days 16, 17, and 18. AI-normal control,
phosphamide, AV- Vechur urine, AVI-Vechur urineþ cyclophosphamide. Values are expres
versus AII to AVI) differ significantly (P < 0.05). Means bearing superscript b (comparison
(comparison of AIII versus AV) differ significantly (P < 0. 05). Means bearing superscript
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leukocyte counts on the 12th day than control mice. Both crossbred
and Vechur urine-treated animals (AIV and AVI) had higher
leukocyte counts in comparison to cyclophosphamide controls. The
crossbred and Vechur urine-treated animals (AIII and AV) showed a
significant increase in total leukocyte count on the 19th day
(P < 0.05) relative to normal controls. Leukocyte counts increased
significantly in crossbred and Vechur urine -treated mice (AIV and
AVI) compared to normal and cyclophosphamide-injected mice.
When Vechur urine-treated immunocompetent animals (AV) were
compared to crossbred urine-fed animals (AIII), AV had a higher
value.

3.1.3.1.1. Lymphocytes. On days 0, 5, 12, and 19 of the experi-
ment, the lymphocyte counts for all the AI to AVI groups are shown
AIII AIV AV AVI

6.45 ± 0.41 6.23 ± 0.67 6.38 ± 0.38 6.48 ± 0.31
6.85 ± 0.24 6.58 ± 0.40 7.02 ± 0.5 6.98 ± 0.18
7.75a ± 0.55 6.61b ± 0.27 8.10a ± 0.13 7.08b ± 0.29
6.78 ± 0.42 6.92 ± 0.13 7.03 ± 0.11 6.68 ± 0.21
7.35 ± 0.33 7.48 ± 0.2 7.73 ± 0.19 7.30 ± 0.40
8.02a ± 0.15 7.97ab ± .23 8.67a ± 0.13 8.00ab ± 0.33
8.02a ± 0.15 7.97ab ± .23 8.67a ± 0.13 8.00ab ± 0.33

74.83 ± 1.2 74.83 ± 1.2 74.83 ± 1.7 75.5 ± 1.2
75.67 ± 1.2 75.5 ± 1.4 76.33 ± 1.2 76 ± 0.7
77.5 ± 0.8 76b ± 1.1 79a ± 1.1 78ab ± 0.36
74 ± 1.8 75 ± 1.6 75 ± 1.4 75 ± 1.4
75.3 ± 1.2 75.8 ± 0.8 76.2 ± 0.7 76 ± 1.0
77 ± 1.4 76 ± 0.7 79a ± 1.3 79 b ± 1.1
79a ± 0.7 77b ± 1.1 84ac ± 0.5 80abd ± 0.4

24.83 ± 1.4 24.83 ± 1.4 24.83 ± 1.99 24 ± 1.57
24 ± 1.32 24.17 ± 1.54 23.5 ± 1.28 23.17 ± 0.79
22.17 ± 0.95 23.17b ± 1.47 19.7a ± 1.43 21.67b ± 0.33
24.8 ± 2.1 24.5 ± 1.9 24.8 ± 1.5 23.8 ± 1.6
23.7 ± 1.3 23.8 ± 0.9 23.7 ± 0.8 23.5 ± 1.3
22.5 ± 1.7 22.8 ± 0.6 19.8 ± 1.5 21 ± 1.1
19.3a ± 1.1 22.2b ± 1.2 15.5ac ± 0.7 19.2ab ± 0.4

eally on days 9, 10, and 11. Last six animals- Cyclophosphamide 30 mg kg�1 body
AII-cyclophosphamide control, AIII- crossbred urine, AIV-crossbred urine þ cyclo-
sed in mean ± SE for six observations. Means bearing superscript a (comparison of AI

of AII versus AIV and AVI) differ significantly (P < 0.05). Means bearing superscript c
d (comparison of AIV versus AVI) differ significantly (P < 0.05).



N. Kolathingal-Thodika, P.T.A. Usha, S. Sujarani et al. Journal of Ayurveda and Integrative Medicine 14 (2023) 100784
in Table 4. The lymphocyte count of the Vechur urine-treated group
(AV) was significantly higher than that of the control group. The
lymphocyte count increased significantly (P < 0.05) in immuno-
suppressed animals treated with Vechur urine when compared
with normal control. There was a significant difference in
lymphocyte number between the cyclophosphamide control group
and the crossbred and Vechur urine-treated groups (AIV and AVI)
(P0.05).

3.1.3.1.2. Neutrophils. On days 0, 5, 12, and 19 of the experiment,
the neutrophil counts for all AI to AVI groups are reported in Table 4.
As compared to the control group, the Vechur urine-treated group
(AV) had lower neutrophil counts (P < 0.05). AVI and AVI of cross-
bred and Vechur urine-treated immunosuppressed animals
showed significantly (P < 0.05) lower counts than the cyclophos-
phamide control group. On the 19th day, the neutrophil count of
both crossbred and Vechur urine-treated groups (AIII and AV)
decreased significantly compared to that of the normal control
group.

3.2. Biochemical parameters

As shown in Table 5, the mean serum protein concentrations
during the 0th, 5th, 12th, and 19th days of the experiment. On day
5, only the Vechur urine-treated group (AV) had a significantly
higher total protein level than the control group. Both Vechur
urine-treated mice (AIII and AV) had significantly higher serum
protein concentrations on days 12, and 19. Using data from
experiment days 0, 5, 12, and 19, Table 5 shows globulin concen-
trations on each of these days. The globulin concentrations in
crossbred and Vechur-treated mice (AIII and AV) increased signif-
icantly on days 12, and 19, compared to the control. Crossbred and
Vechur urine-treated immunosuppressed animals (AIV and AVI)
developed higher globulin levels on days 12 and 19 compared to
cyclophosphamide-treated control animals. In Table 5, we show the
albumin-globulin ratios of the experimental animals on days 0, 5,
12, and 19.
Table 5
Biochemical parameters.

Biochemical parameters Days AI AII

Serum protein (g/dl)
First six animals 0 3.62 ± 0.15 3.75 ± 0.09
First six animals 5 3.64 ± 0.14 3.79 ± 0.06
First six animals 12 3.70 ± 0.15 2.94 a ± 0.15
Last six animals 0 3.70 ± 0.13 3.80 ± 0.13
Last six animals 5 3.80 ± 0.17 3.80 ± 0.11
Last six animals 12 3.80 ± 0.13 3.70 ± 0.13
Last six animals 19 3.90 ± 0.09 2.90a ± 0.15
Serum globulin (g/dl)
First six animals 0 1.34 ± 0.03 1.36 ± 0.11
First six animals 5 1.35 ± 0.08 1.36 ± 0.07
First six animals 12 1.35 ± 0.07 1.02a ± 0.03
Last six animals 0 1.37 ± 0.04 1.33 ± 0.06
Last six animals 5 1.32 ± 0.05 1.34 ± 0.07
Last six animals 12 1.62 ± 0.04 1.59 ± 0.06
Last six animals 19 1.36 ± 0.05 1.01a ± 0.04
Albumin-globulin ratio
First six animals 0 1.72 ± 0.15 1.82 ± 0.16
First six animals 5 1.72 ± 0.13 1.84 ± 0.19
First six animals 12 1.77 ± 0.10 1.87 ± 0.15
Last six animals 0 1.86 ± 0.21 1.83 ± 0.09
Last six animals 5 1.89 ± 0.15 1.82 ± 0.10
Last six animals 12 1.87 ± 0.14 1.77 ± 0.16
Last six animals 19 1.87 ± 0.06 1.84 ± 0.13

First six animals- Cyclophosphamide 30 mg kg�1 body weight administered intraperiton
weight was administered intraperitoneally on days 16, 17, and 18. AI-normal control,
phosphamide, AV- Vechur urine, AVI-Vechur urineþ cyclophosphamide. Values are expres
versus AII to AVI) differ significantly (P < 0.05). Means bearing superscript b (comparison
(comparison of AIII versus AV) differ significantly (P < 0. 05). Means bearing superscript
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3.3. Immunological parameters

3.3.1. Haemagglutination
The haemagglutination titre (HA) values obtained are presented

in Table 6. The results are shown in Fig.1. Vechur urine-treatedmice
showed significantly higher titres than the normal control mice.
The titre values of crossbred and Vechur urine-treated immuno-
suppressed mice (AIV and AVI) were significantly higher than those
of cyclophosphamide-injected controls. Compared to crossbred
urine-treated mice, immunocompetent mice treated with Vechur
urine (AV) showed significantly higher values on both 12th and
19th days.

3.3.2. Splenic plaque-forming assay
We measured the number of plaque-forming cells in the spleen

on the 12th and 19th days of the experiment. Table 6 shows their
mean values. Fig. 1 shows macroscopic and microscopic views of
splenic plaques. The number of plaque-forming cells on days 12 and
19 in immunocompetent and immunosuppressed Vechur and
crossbred urine-treated animals was significantly higher than that
in control animals. The increases on days 12 and 19 were significant
for both crossbred and Vechur urine-treated immunosuppressed
animals (AIV and AVI) in comparison with the cyclophosphamide
control.

3.3.3. Bone marrow cellularity
The total bone marrow cellularity was measured on days 12 and

19 of the experiment. The mean value can be seen in Table 6. On
days 12 and 19, both Vechur-treated and crossbred urine-treated
immunocompetent and immunosuppressed animals had signifi-
cantly increased bone marrow cellularity compared to normal
controls.

3.3.4. Delayed-type hypersensitivity
The delayed-type hypersensitivity reaction on the footpad of

mice is shown in Fig. 2. Table 6 shows the change in footpad
AIII AIV AV AVI

3.69 ± 0.11 3.79 ± 0.13 3.74 ± 0.09 3.77 ± 0.20
3.89 ± 0.14 3.87 ± 0.15 4.10 ± 0.10 3.91 ± 0.25
4.29a ± 0.15 3.97b ± 0.19 4.63a ± 0.18 4.11b ± 0.11
3.70 ± 0.11 3.80 ± 0.12 3.90 ± 0.11 3.80 ± 0.14
3.90 ± 0.14 3.90 ± 0.08 4.30a ± 0.10 4.10 ± 0.16
4.50a ± 0.18 4.30 ab ± 0.10 4.90a ± 0.22 4.60 ab ± .17
5.20a ± 0.19 4.50ab ± 0.16 6.00ac ± 0.29 4.90ab ± 0.17

1.35 ± 0.06 1.34 ± 0.06 1.33 ± 0.08 1.36 ± 0.03
1.47 ± 0.11 1.45 ± 0.05 1.55 ± 0.05 1.55 ± 0.04
1.64a ± 0.10 1.49b ± 0.08 1.76a ± 0.07 1.61ab ± 0.05
1.38 ± 0.06 1.32 ± 0.05 1.35 ± 0.05 1.45 ± 0.04
1.33 ± 0.05 1.47 ± 0.05 1.54a ± 0.09 1.57ab ± 0.05
1.74a ± 0.05 1.73ab ± 0.04 1.36 a ± 0.02 1.33 ab ± 0.03
1.82a ± 0.03 1.67ab ± 0.07 1.97ac ± 0.06 1.82abd ± 0.05

1.76 ± 0.17 1.85 ± 0.15 1.87 ± 0.18 1.78 ± 0.19
1.69 ± 0.13 1.68 ± 0.10 1.66 ± 0.09 1.53 ± 0.17
1.64 ± 0.10 1.68 ± 0.15 1.66 ± 0.16 1.55 ± 0.06
1.83 ± 0.17 1.77 ± 0.11 1.94 ± 0.09 1.76 ± 0.16
1.69 ± 0.08 1.69 ± 0.13 1.84 ± 0.17 1.63 ± 0.16
1.76 ± 0.10 1.76 ± 0.15 1.85 ± 0.17 1.67 ± 0.09
1.87 ± 0.09 1.69 ± 0.16 2.04 ± 0.15 1.71 ± 0.12

eally on days 9, 10, and 11. Last six animals- Cyclophosphamide 30 mg kg�1 body
AII-cyclophosphamide control, AIII- crossbred urine, AIV-crossbred urine þ cyclo-
sed in mean ± SE for six observations. Means bearing superscript a (comparison of AI

of AII versus AIV and AVI) differ significantly (P < 0.05). Means bearing superscript c
d (comparison of AIV versus AVI) differ significantly (P < 0.05).



Fig. 1. Splenic plaque-forming assay (macroscopic and microscopic).

Table 6
Immunological parameters.

Immunological parameters Days AI AII AIII AIV AV AVI

Haemagglutination titer
First six animals 0 2.33 ± 0.33 3 ± 0.45 3 ± 0.45 2.67 ± 0.42 2.67 ± 0.42 3 ± 0.45
First six animals 12 42.67 ± 6.7 12a ± 2.5 8 ± 1.6 42.67b ± 6.7 149.3ac ± 3.6 69.3b ± 12.8
Last six animals 0 3 ± 0.45 3 ± 0.45 2.67 ± 0.42 3 ± 0.45 3 ± 0.45 3 ± 0.45
Last six animals 12 42.67 ± 6.7 42.67 ± 6.7 85.3 ± 13.5 80 ± 16.00 160ac ± 32 149.3abd ± 35.7
Last six animals 19 48 ± 7.1 18.67 ± 2.7 192a ± 28.6 96 ± 14.3 341.3ac ± 53.9 192abd ± 28.6
Plaque forming cells
First six animals 12 124.30 ± 1.40 93a ± 2.02 372.67a ± 1.61 215.3ab ± 9 432.8ac ± 2.5 346.5abd ± 2.7
Last six animals 19 132.17 ± 2.75 94a ± 2.53 422a ± 2.71 235.20ab ± 4 561.5ac ± 6.35 385abd ± 2.49
Bone marrow cellularity (millions)
First six animals 12 10.38 ± 0.17 6.72a ± 0.14 13.25a ± 0.14 11.85ab ± 0.18 14.19ac ± 0.25 12.25ab ± 0.25
Last six animals 19 10.41 ± 0.09 6.88a ± 0.09 14.39a ± 0.16 12.75ab ± 0.15 15.65ac ± 0.19 13.24abd ± 0.12
Foot pad thickness (mm)
First six animals 12 0.48 ± 0.06 0.49 ± 0.06 1.30a ± 0.04 1.29ab ± 0.05 1.58ac ± 0.04 1.45abd ± 0.05
Last six animals 19 0.56 ± 0.04 0.54 ± 0.05 1.47a ± 0.06 1.32ab ± 0.06 2.03ac ± 0.18 1.66abd ± 0.09

First six animals- Cyclophosphamide 30 mg kg�1 body weight administered intraperitoneally on days 9, 10, and 11. Last six animals- Cyclophosphamide 30 mg kg�1 body
weight was administered intraperitoneally on days 16, 17, and 18. AI-normal control, AII-cyclophosphamide control, AIII- crossbred urine, AIV-crossbred urine þ cyclo-
phosphamide, AV- Vechur urine, AVI-Vechur urineþ cyclophosphamide. Values are expressed in mean ± SE for six observations. Means bearing superscript a (comparison of AI

versus AII to AVI) differ significantly (P < 0.05). Means bearing superscript b (comparison of AII versus AIV and AVI) differ significantly (P < 0.05). Means bearing superscript c
(comparison of AIII versus AV) differ significantly (P < 0. 05). Means bearing superscript d (comparison of AIV versus AVI) differ significantly (P < 0.05).

Fig. 2. Delayed-type hypersensitivity reaction on footpad of mice (a- Control, b- Crossbred urine distillate group, c- Vechur urine distillate group).
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thickness on the 12th and 19th days for all experimental animals.
On days 12 and 19 after treatment with Vechur and crossbred urine,
footpad thickness increased significantly in both immunocompe-
tent and immunosuppressed mice.

The values are expressed as mean ± SE for six observations. The
BI-normal control, the BII-cyclophosphamide-control, BIII- cross-
bred urine, BIV-crossbred urine plus cyclophosphamide, the BV-
Vechur urine, the BVI-Vechur urine plus cyclophosphamide. The
means with superscript a (comparison of BI versus BII to BVI) differ
significantly (P < 0.05). The means bearing superscript b (com-
parison of BII versus BIV and BVI) differ significantly (P < 0.05). The
means bearing superscript c (comparison of BI versus BV) differ
6

significantly (P < 0.05). The means bearing superscript d (compar-
ison of BII versus BVI) differ significantly (P < 0.05).

4. Discussion

The urine distillates of Vechur and crossbred animals contained
urea, uric acid, and creatinine. It was found that neither Vechur nor
crossbred urine distillates contained glucose, proteins, ketone
bodies, bile salts, or bile pigments. Vechur urine distillate has
higher levels of urea, uric acid, and creatinine than crossbred cow
urine distillate. The main component of urine is urea, a by-product
of protein metabolism. Purines are broken down to form uric acid
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[35]. Creatinine, which is a breakdown product of creatine, is
completely removed from the body by the kidneys. Because cow
urine contains urea, uric acid, and creatinine, it is germicidal. A
study by Bristow et al. (1992) found that cow's urine contained
nitrogen-containing compounds, of which 69% were urea [36].

Cyclophosphamide, a nitrogen mustard alkylating agent, sup-
presses the immune system by inhibiting DNA synthesis and
function. Better utilization of feed may contribute to the increase in
bodyweight since it protects the liver and regulates gastric function
[37]. Additionally, levamisole was found to increase body weight in
broiler chicks [38,39]. The lymphoid organs facilitate antigen
trapping (by phagocytes) and enable antigen-sensitized cells (T and
B lymphocytes) to find antigens. Spleen is a secondary lymphoid
organs that contain B cells, T cells, macrophages, dendritic cells,
natural killer cells, and red blood cells. As the spleen filters blood
directly, it removes antigens, while circulating macrophages and
dendritic cells deliver the antigens to the spleen. An immune
response is triggered when macrophages or dendritic cells present
antigen to B or T cells. When B cells become activated in the spleen,
they produce large quantities of antibodies [40].

Increases in spleenweight in the present study could be viewed
as indicators of increased immunocompetence in the treated ani-
mals [42]. Lymphocytes and bone marrow hematopoietic cells
contribute to the weight of the spleen [43]. When lymphoid organs
such as the spleen are treated with urine distillate, their relative
organweight increases, which indicates that the immune system is
activated.Immunocompetent and immunosuppressed animals
responded similarly to Vechur and crossbred urine distillate in
terms of the number of leukocytes. A significant increase in total
leukocyte count was observed following the simultaneous admin-
istration of urine distillate and cyclophosphamide, indicating that
urine distillate counteracts the immunosuppressive effects of this
drug. Activating macrophages, which secrete colony-stimulating
factor and interleukin, might prevent leukopenia in urine
distillate-treated mice [44].

The increase in total leukocyte count seen in the present study is
consistent with a previous study [44] showing freeze-dried cow
urine stimulates the proliferation of leukocytes in rats. Following
levamisole administration, broilers exhibited a similar increase in
leukocyte counts [45]. Cyclophosphamide-induced immunotox-
icity may be responsible for the reduction in lymphocyte counts in
the control group. A similar increase in lymphocytes was observed
in another study [47] which administered cow urine to white
leghorn hens. It may be that the neutrophilia in the cyclophos-
phamide control group compensates for the drop in lymphocytes.
After concomitant administration of cyclophosphamide and cow
urine distillate, a significant drop in neutrophil count was observed,
suggesting that cow urine plays a role in preventing
cyclophosphamide-induced neutrophilia. As phagocytic cells are
marginalized, neutrophil counts increase, signaling amore effective
defensive response [48,49]. A key innate defense reaction against
pathogens is phagocytosis. As neutrophils consume pathogens,
they undergo phagocytosis. Phagocytosis helps the immune system
work. Thus, the present study indicates stimulation of the he-
matopoietic system by an increase in lymphocytes and a decrease
in neutrophils in the treated mice.

There are several different kinds of proteins in serum, each with
its own properties and functions. Furthermore, they maintain ho-
meostasis by controlling inflammation and preventing infection
[50]. There is an increase in protein concentrations due primarily to
an increase in total globulins, typically those of the g-globulin type,
with levels of albumin remaining the same or decreasing margin-
ally [44]. A ratio of serum protein to serum albumin globulin is one
of the first indicators of normal serum chemistry. Changing serum
protein concentrations or albumin ratios may indicate an altered
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immune response [51e53]. The group receiving Vechur cow urine
distillate had the highest serum protein levels, according to the
current study. On the basis of the findings regarding serum protein,
we can speculate that increased immunoglobulins and other hu-
moral factors contributed to the serum protein [45]. Getting a sense
of humoral immunity is achieved using haemagglutination anti-
body titre assays since antigens trigger the production of antibodies
in response to them. SRBCs were used in the present study to test
whether antibodies were produced against RBCs. The level of an-
tibodies can be expected to be higher in an individual who has a
primed immune system. Among the serum molecules are serum
immunoglobulins, produced by B lymphocytes. In addition to being
called an antibody, it is produced to the maximum level to protect
the body from an invasion by an antigen. According to a study on
mice, macrophages and B lymphocyte subsets were involved in
antibody synthesis, resulting in an enhanced humoral response as
evidenced by an enhanced antibody response to SRBC [46]. A rise in
antibody titre might be due to the proliferation of B lymphocytes
and their transformation into plasmocytes, which suggests a hu-
moral immune response [47]. As evidenced by these secondary
immune responses, the antibody-forming system is capable of
recollecting past antigen exposures from earlier periods.

At neutral pH, RBCs possess a cloud of negative ions that repel
one another. This repellent force is the zeta potential. A large
molecule of IgM with a pentameric structure will cross the electric
barrier and crosslink to RBCs, leading to subsequent agglutination
[54]. Antigens are recognized by a lymphoid cell and become
activated as part of the immune response. The antibodies produced
by B cells bind to pathogens and act as defence mechanisms against
infection by binding to antigens. During T helper or B lymphocyte
differentiation, cytokines produced by Tcells react with antigens on
the surface of antigen-presenting cells. T helper cell response and
macrophage stimulation, cell-mediated immunity, and antibody
production are all associated with T helper cells [11].

Observed higher levels of antibody titre in urine distillate
treated mice may indicate greater cell-to-cell communication is a
cause of the better immune response. A positive antibody response
was also observed against SRBC in rats given Panchagavya and
Haridradi Ghrita, which contain cow urine [55e57]. The serum IgG
levels of white leghorn layers also increased when cow urine was
given to them [47]. The haemagglutination titre also increased in
broiler chicks and goats after levamisole administration [47,58].

Generally speaking, cells that produce antibodies are called
plaque-forming cells. Immune cells release antibodies, and these
antibodies bondwith antigens on adjacent red blood cells,which then
lyse in response to complement, forming a clear plaque around each
antibody-producing cell [31]. There is a strong correlation between
increased antibody titres and increased splenic plaque formation. This
could be explained by the spleen producing more antibodies [58].
Levamisole was also found to be effective in goats and in mice when
immunostimulation herbal extracts were administered [59].

Bone marrow is affected the most by immunosuppressive
therapy, especially with cyclophosphamide [46]. In general, the
cells of the immune system that are active both cyclically and
intermitotically are depleted by its action [48]. The bone marrow is
a particularly sensitive target for cytotoxic drugs due to its high
level of cell proliferation. Leukopenia is characterized by a failure to
generate new blood cells or the loss of stem cells in the bone
marrow [60]. Hemopoietic cells primarily make up bone marrow.
Body fat fills any spaces left over.

All major cell types of the immune system are derived from the
hematopoietic stem cells in the bonemarrow. Several different kinds
of immune cells are differentiated from stem cells by cytokines.
Furthermore, the bone marrow also provides an antigen-
independent microenvironment for the differentiation of B cells
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[59]. The bone marrow continually produces a wide variety of blood
cells, including granulocytes, erythrocytes, and platelets as he-
matopoietic stem cells divide. All immune system cells originate in
the bone marrow. As a result of differentiation into mature cells or
precursors, bone marrow stem cells also become adult cells in other
tissues [59]. Lymphocytes, granulocytes (white blood cells, platelets,
and monocytes), and T cells (including B cells and immature T cells)
are all produced in the bone marrow. An increase in bone marrow
cellularity is correlated with an increase in blood cell count.

Increasing bone marrow cells shows that Vechur urine distillate
enhances the immune response. With or without cyclophospha-
mide, Vechur urine distillate stimulated bone marrow cell prolif-
eration. Apparently, the presence of urine distillate has a positive
impact on stem cell differentiation and immunity. Similar results
have been observed in mice treated with an immunostimulatory
herbal extract [59]. T lymphocytes and lymphokines are respon-
sible for cell-mediated immunity. It is possible to determine
whether antigen-specific cellular immune response has been
affected by assessing the degree of DTH reaction in experimental
animals using the footpad swelling test. Proliferated T lymphocytes
are able to recognize antigens and secrete cytokines. Cytokines
pressure blood vessels and activate macrophages, which leads to
inflammation. Phagocytosis is triggered as a result. The release of
cytokines and the production of DTH is a result of T helper cells
responding to specific antigens such as SRBCs [41,61]. The Type IV
hypersensitivity reaction DTH is caused when an antigen triggers
the activation of sensitized T cells. The release of cytokines by T
lymphocytes attracts scavenger cells to the site of the reaction.
When subsequent exposure to SRBC antigen results in the activa-
tion of T cells, DTH releases cytokines and other inflammatory
mediators. Activated macrophages and cytokines release cause a
delay in response [46,62]. The treatment group had an increased
DTH response as a result of stimulating the T cells with urine
distillate. Thus, increased DTH responses indicate that the immu-
nomodulator promotes lymphocyte proliferation and the prolifer-
ation of accessory cells [63]. As previously reported, when whole
freeze-dried cow urine and its fractions or levamisole were
administered to rats and broilers, DTH responses were improved
[44,45]. Further studies at the molecular level may reveal the pre-
cise mechanism of this activity.

5. Conclusions

Increasing the immunity of farm animals to diseases is
becoming increasingly important since the European Union banned
growth-promoting antibiotics in feed. Animals exposed to major
stressful events can become more vulnerable to pathogens, as a
result of stress. To prevent the potentially harmful effects of path-
ogens in the gastrointestinal tract, innate and adaptive immunity
must be developed at the mucosal surface. The purpose of several
in vivo nutritional studies is to modulate immune function and
boost the immune system using bioactive components derived
from natural sources. Therefore, screening and validating immu-
nomodulators for use as animal feed additives is necessary. As part
of this study, cow urine was tested to determine its traditional use
for modulating immunity as well as its potential to be used as an
animal feed supplement, specifically for pigs, poultry, and aqua-
culture. Moreover, the experimental methods used in the present
study could be replicated in the future to identify the effects of
natural compounds on the immune system.
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