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ABSTRACT

he usage of antibiotics in poultry sector is still controversial.

Florfenicol (FF) is a popular antibiotic and feed additive for poultry.

The immunosuppressive effects of toxic florfenicol cannot be ig-
nored. So, a guide for its proper use is important for assurance food safety.
Our study focused on the effects of florfenicol toxicity on growth perfor-
mance, hepato-renal function, immune response, and florfenicol residue in
chicken tissues either raw or boiled, as well as a trial to lessen the negative
impact of toxicity by providing proanthocyanidin. The chickens were divid-
ed into 4 groups: the first group (G1) was control group, and the other three
groups were given a toxic oral dose of florfenicol at 15 days old (40 mg/kg
twice daily for five successive days). The second group (G2) serves as a
positive group. The third group (G3) received proanthocyanidin as a thera-
py (250 mg/kg of ration) post the last dose of FF till the end of experiment,
whereas fourth group (G4) received the same dose of proanthocyanidin as a
prophylactic from one day old until the completion of the trial (35 days).
The outcome data expresses the optimistic consequences of proanthocya-
nidin as a prophylactic in G4 via boosting growth characteristics, reducing
ALT and AST, bedside restoring normal levels of urea at 14 days post
florfenicol final dose, and levels of globulin, and total protein at 1 and 14
days post florfenicol final dose. Additionally, proanthocyanidin had suc-
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ceeded in lowering oxidative stress in G4 earlier than those of G3. Nitric ox-
ide and HI antibody titers had fruitfully restored to normal levels at 14 days
post FF last dose and at week 4 post vaccination respectively. Better amelio-
rative effects on lysozyme and IgG concentrations were detected in G4 than
those of G3. Florfenicol and its metabolites in G4 were not detectable in mus-
cle and were below the minimum residual limit (MRL) in kidney and liver at
fifth day post florfenicol last dose. Therefore, using of proanthocyanidin will
be of add value in improving antioxidant properties, liver and renal function,
mending immunity in addition to lowering FF residues in tissues.

INTRODUCTION

Florfenicol (FF) is classified as a third-
generation derivative of chloramphenicol anti-
biotic. Its chemical designation is 2,2-dichloro-
N-[1-(fluoromethyl)-2-hydroxy-2-
[(methylsulfonyl) phenyl] ethyl] acetamide,
belonging to amphenicol antibiotic group. FF
is among the most commonly utilized antibiot-
ics in broiler farms, characterised by its high
oral bioavailability and its ability to mitigate
the adverse reactions associated with chloram-
phenicol (Said et al. 2016). FF is a bacterio-
static antibiotic that inhibits protein synthesis
at the ribosome by binding to the A site of the
peptidyl transferase center in bacteria. It is
widely used in treating pneumonia in animals
because of rapidly absorbed and widely distrib-
uted in various animal tissues, including kid-
ney and lung tissues (Anadon et al. 2008;
Shah et al. 2016). Several studies had proved
the ability of FF in inducing strong immuno-
suppression in the body. Despite its widely
used in veterinary medicine, its hematopoietic
toxicity, immunotoxicity, genotoxicity and
embryotoxicty properties were observed (Al-
Shahrani and Naidoo, 2015; Guan et al.
2011; Hu et al. 2016; Hu et al. 2014; Ren et
al. 2017). Florfenicol amine (FFA) and
florfenicol alcohol are main metabolites of FF
in animals and are mainly excreted via the kid-
ney. FF has a short-term hepatorenal toxicity in
piglets but returns to normal with prolonged
drug withdrawal. The detection of florfenicol
amine determines FF metabolism in animals
(Hu et al. 2014).

Proanthocyanidin, a naturally arising poly-
phenolic antioxidant found in flowers, fruits,
vegetables, nuts, and seeds, has various phar-
macological and nutraceutical benefits, includ-

ing reducing chronic diseases like cancer and
cardiovascular ones, and antibacterial, antivi-
ral, and antifungal activities. Its free radical
scavenging capability is 20-fold higher to other
antioxidants such as B-carotene, and vitamin C
and E (Shi et al. 2003; Park et al. 2011; Raj-
put et al. 2017).

FF is administered in drinking water to
control disease incidence and enhance growth
performance in broiler chickens. Because of
the random use of antibiotics and inability to
adhere to the prescribed dose and duration, se-
vere side effects and antibiotic resistance oc-
cur. As a result, the study sought to investigate
the role of proanthocyanidin as a therapeutic or
prophylactic in lowering the adverse effects of
florfenicol toxicity, modulating immunity, and
reducing florfenicol tissue residue.

MATERIALS AND METHODS:
Ethical approval:

The protocol and conduct of the research
was approved by the Animal Health Research
Institute, Agriculture Research Centre, Egypt.
The Approval Number was 81/24 dated June 6,
2024 according to the guidance of the Egyptian
Ethics Committee in compliance with the NIH
Guidelines for the Care and Use of Laboratory
Animals.

Chemicals and reagents:

Florfenicol drug was purchased from Medi-
zen pharmaceutical industries for veterinary
use. Commercial grape seed powder extract
contain 95% Proanthocyanidin was purchased
from MD Pharma Co. All reagents were of an-
alytical grade. Water and acetonitrile were ob-
tained from Thermo Fisher Scientific. Kits

55



Azza et al

Egyptian Journal of Animal Health 5, 1 (2025), 54-68

used for biochemical analyses were purchased
from Spectrum Co. Florfenicol amine (FFA)
standard (97.6%) was bought from Sigma-
Aldrich Co. (St. Louis, MO).

Experimental design:

160 one-day-old broiler chicks were given
unlimited access to food and water. All the
birds were vaccinated using Hitchner Bllive
vaccine for ND, H5SN2 influenza vaccine, IBD
vaccine, and Lasota vaccine on the 7th, 10th,
14th, and 18th days of age, respectively.
Chickens were classified into four groups (40
chicks each). First group (Gl) is the control
group, and the three other groups were admin-
istered a toxic double dose of florfenicol at 15
days old (40 mg/kg orally twice daily for five
successive days), according to the prior study
of Said et al. (2016). Second group (G2) acts
as a positive group. Third group (G3) was
treated with proanthocyanidin (250 mg/kg ra-
tion) post-FF administration (starting from 20
days old) till the end of the experiment
(Rajput et al. 2017).

The fourth group (G4) was fed on proan-
thocyanidin as a prophylactic with the same
previous dose from one day old until the end of
the trial (35 days). Four birds from each group
were humanely euthanized at different inter-
vals from the last dose of FF administration
till the end of experiment. Serum samples and
Tissues (muscle, liver, and kidney) were col-
lected to estimate some biochemical and im-
munological parameter in serum and
florfenicol tissues residues. For Hemagglutina-
tion inhibition (HI) antibody titers, serum sam-
ples were collected weekly post NDVV vac-
cination.

Laboratory methods:
Biochemical parameters:

Serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) enzymes,
urea, creatinine, albumin, total proteins, globu-
lins, malondialdehyde (MDA), and superoxide
dismutase (SOD) were estimated at 1 and 14
days post florfenicol last dose, according to
Lopez et al. (2013).

Immunological parameters:

Serum lysozyme activity and nitric oxide
(NO) concentrations were estimated at 1,7 and
14 days post FF last dose according to Schultz
(1987) and Lee et al. (2011), respectively.

Hemagglutination inhibition (HI) test

against Newecastle Disease Virus Vaccine
(NDVV) was carried out as described by
Spackman and Sitaras (2020) at 1,2,3 and 4
weeks post vaccination with NDVV. Serum
samples were incubated with 4Hemagglutinat-
ing units of NDV antigen for 30 minutes be-
fore adding 1% chicken RBCs. Then the plates
were incubated at room temperature for half
hour. Positive results were obtained when he-
magglutination was inhibited.
Serum immunoglobulin G (IgG) was estimated
at 1 and 14 days post FF last dose using the
Chicken IgG ELISA kit Bethyl Laboratories,
Inc., Cat. No. E33-104.

Boiling of tissue samples:

Tissue samples (muscles, livers, and kid-
neys) were taken one day following the last FF
dose from G2. Samples were put in a strainer
and submerged in a water bath heated to 100
°C. The liver was then cooked for 9 minutes,
and the muscle and kidney portions for 24
minutes, then left to cool (Javadi et al. 2011).

Estimation of florfenicol residues (raw and
cooked tissues) by HPLC:

Florfenicol and its metabolites are convert-
ed to florfenicol amine salts in chicken tissues
through cathodic hydrolysis. The residues were
estimated using HPLC assay (EMEA 1999;
Zhang-Jing et al. 2017). The collected organ
samples were minced and extracted as de-
scribed by Abd-Elhafeez et al. (2021). The
standard FFA solutions were primed in the mo-
bile phase at concentrations with the range of
4.88 to 9.76 ppb. FFA was separated with a
retention time of 11.214 minutes as shown in

figure 1.
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Figure 1: Concentration of florfenicol amine and their corresponding area under the peak.
RT: Retention Time, Amt: Amount, MWD1: Multi Wave Detector, FFA: Florfenicol Amine

Statistical analysis:

The gathered data were statistically ana-
lyzed using IBM SPSS Statistics 20 program
using a one-way ANOVA and T. TEST at p-
value < 0.05 (SPSS, 2020).

RESULTS:
Clinical signs:

Throughout the trial, the birds in the first
(G1) and fourth (G4) groups behaved normally
and showed no clinical symptoms. During the
administration of florfenicol, the second (G2)
and third (G3) groups exhibited symptoms of
malnourishment, watery diarrhea, depression,
and increased water intake. The third (G3)
group had gradually subsided symptoms post-
proanthocyanidin administration.

Growth performance:

Florfenicol had the ability to lower feed
intake, body weight, and weight gain in G2 and
G3 compared to G1. Administration of proan-
thocyanidin post-florfenicol toxicity (G3) had
the ability to increase feed intake, body weight,
and weight gain at the fourth and fifth weeks
compared to G2. Supplementation of proantho-
cyanidin as prophylactic (G4) showed increas-
ing values of feed intake, body weight, and

weight gain at the third, fourth, and fifth weeks
compared to G2. Comparing between G3 and
G4 displayed a significant increase in feed in-
take, body weight, and weight gain of G4 at
the third, fourth, and fifth weeks. Weekly FCR
was increased in G2, G3, and G4 from the
third week until the end of the experiment
compared to G1. On the other side, G4 had sig-
nificantly lower FCR values at the fourth and
fifth weeks compared to G2 and G3, but with-
out reaching the values of Gl, as reported in
Table 1.
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Table 1. Effect of dietary supplementation of proanthocyanidin on nutritional parameters in florfenicol

broiler chickens

Feed intake(g/bird/week)

Gl

G2

G3

G4

intoxicated

Ist week 159.27+132° 161.14+3.01° 155.67+2.75° 159.87+0.49°
2nd week 421.45+7.26° 428.32+2.87° 432.67+5.24° 425.02+6.59°
3rd week 643.67+15.37° 628.26+10.25° 582.18+5.88° 648.65+9.88"
4th week 859.37+25.19° 463.17+23.27¢ 765.83+13.75° 809.46+14.86°
5th Week 1011.50+£32.67° 702.50+36.63¢ 1005.67£12.74° 1178.27+45.43°
weekly body weight (g)

Day 1 45.60+0.23° 45.33+0.22° 46.80+0.24° 45.24+0.21°
1st week 179.89+7.62% 180.34+6.10% 187.09+3.36" 188.78+1.29°
2nd week 416.71+£3.98° 413.31+4.73° 419.26+5.45% 422.99+6.31°
3rd week 941.65+15.17° 815.47+6.33° 807.30+7.38° 921.33+11.18%
4th week 1528.61+12.82° 1025.38+11.92¢ 1259.83+10.33° 1439.45+16.48"
5th Week 2156.52+14.13° 1276.87+13.68" 1748.77+15.96b° 1989.37+13.51°
weight gain (g)

1st week 134.29+6.58° 137.01+5.21° 140.29+5.37° 144.55+4.27°
2nd week 236.83+6.56° 232.97+7.82° 232.17+6.29 234.2147.54°
3rd week 524.94+8.80° 402.16+16.18° 388.04+11.55% 498.34+7.79°
4th week 586.96:12.63" 209.91+16.34¢ 425.53+15.56° 518.12+14.76°
5th Week 627.91+18.23° 251.49+19.45¢ 488.94+14.87° 549.92+13.65°
FCR

1st week 1.19 £0.021° 1.18 £0.023° 1.16 £0.028% 1.15 £0.022%
2nd week 1.78+0.024° 1.83+0.034° 1.86+0.031° 1.8140.032°
3rd week 1.23+0.050° 1.56+0.027° 1.54+0.032° 1.3040.020°
4th week 1.46£0.041¢ 2.21£0.075° 1.80+0.049° 1.56£0.101°
5th Week 1.61£0.099¢ 2.79+0.148° 2.41+0.171° 1.83£0.138°
Mean £SD

Different superscript letters in the same raw showed significant differences at p<0.05

could reduce oxidative stress expressed as
MDA and elevate antioxidant activities (SOD)
at 14 days post-florfenicol last dose in G3, and
1 and 14 days post-florfenicol last dose in G4
compared to G2. Group 4 displayed a better
effect than those of group 3 represented by
lowering levels of MDA and increasing levels
of SOD at both measuring times (table 2).

Biochemical parameters:

Malondialdehyde (MDA) and superoxide
dismutase (SOD):

Administration of a double dose of FF had
the ability to significantly elevate MDA and
lower SOD at 1 and 14 days post-florfenicol
last dose (G2, G3, and G4) compared to GI.
Dietary supplementation of proanthocyanidin
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Table 2. Effect of dietary supplementation of proanthocyanidin on serum MDA and SOD in florfenicol in-

toxicated broiler chickens .

Gl G2 G3 G4
MDA (nmol/1)

1d post FF last dose(20 d old) 4.98+1.68° 11.75+£2.03* 12.57+£2.06" 7.91+1.34°
14d post FF last dose(34 d old) 5.8+1.16° 13.93+2.15° 9.38+1.68° 6.56+1.07%
SOD (U/)

1d post FF last dose(20 d old) 43.35+3.58° 27.59+£1.01°¢ 28.74+1.84° 32.74+2.86°
14d post FF last dose (34d old) 47.64+2.68" 23.86+2.86¢ 34.2141.92¢ 38.89+4.01°

Mean £SD

Different superscript letters in the same raw showed significant differences at p < 0.05.

Hepatorenal function parameters:

Values of ALT, AST, urea, and creatinine
were significantly elevated, while albumin,
globulins, and total proteins were declined in
florfenicol-intoxicated chicken groups (G2,
G3, and G4) at 1 and 14 days post-florfenicol
last dose compared to G1. On the other side,
the G3 had a significant decrease of ALT,
AST, urea, and creatinine at the opposite of
albumin; globulin and total protein were in-
creased at 14 days post-florfenicol last dose

compared to G2. Supplementation of proantho-
cyanidin as prophylactic from 1 day (G4)
showed decreasing levels of ALT, AST, urea,
and creatinine, while albumin, globulins, and
total proteins were increased at 1 and 14 days
post-florfenicol last dose compared to G2 and
G3. Proanthocyanidin as prophylactic in G4
had the ability to restore the normal values of
urea, creatinine, total proteins, and globulins at
14 day post-florfenicol last dose as recorded in
table 3.

Table 3. Effect of dietary supplementation of proanthocyanidin on hepatorenal function in florfenicol intoxicated broiler

chickens.
Gl G2 G3 G4

ALT (U/)

1d post FF last dose at 20 d old 32.02+2.53° 57.76+3.61° 54.92+4.23% 36.45+1.64°
14d post FF last dose at 34d old 30.12+2.21¢ 59.3144.52° 42.67+1.58° 34.67+3.21¢
AST(U/)

1d post FF last dose at 20 d old 57.32+1.59¢ 92.70+2.04° 85.44+8.67% 78.82+3.14¢
14d post FF last dose at 34d old 63.45+2.61¢ 80.76+4.53" 75.63+1.84% 72.38+1.46°
Urea (mg/dl)

1d post FF last dose at 20 d old 25.77+0.66" 40.54+1.14° 47.81+1.02° 35.68+1.08°
14d post FF last dose at 34d old 26.13+0.72%¢ 35.49+1.38° 32.67+1.14° 27.57+0.84¢
Creatinine (mg/dl)

1d post FF last dose at 20 d old 0.207+0.01¢ 0.354+0.010° 0.302+0.011° 0.254+0.026°
14d post FF last dose at 34d old 0.221+0.011¢ 0.392+0.012° 0.277+0.011° 0.239+0.012¢
Albumin (g/dl)

1d post FF last dose at 20 d old 1.82+0.15° 1.1440.07% 1.23+0.03° 1.73+0.12°
14d post last dose at 34d old 2.10+0.67* 0.95+0.08¢ 1.59+0.07% 1.72£0.21°
Globulins (g/dl)

1d post FF last dose at 20 d old 2.39+0.19% 1.73+0.02% 1.83+0.05° 2.91+0.35°
14d post FF last dose at 34d old 2.58+0.14° 1.59+0.06° 2.13+0.04° 2.26+0.23%
Total proteins (g/dl)

1d post FF last dose at 20 d old 4.23+0.42° 2.87+0.09° 3.06+0.11° 4.14+0.39°
14d post FF last dose at 34d old 4.68+0.12° 2.54+0.03¢ 3.72+0.03° 3.96+0.43%

Mean £SD

Different superscript letters in the same raw showed significant difference at p<0.05.
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Immunological investigations:
Lysozyme assay:

Data of lysozyme concentrations (figure 2)
showed a significant increase in lysozyme in
FF -intoxicated group (G 2) in comparing with
G 1 at 1, 7, and 14 days post FF last dose.
Those of G 3 showed a numerical, non-

significant decrease compared with values of G
2 at the same periods. G 4 expressed a signifi-
cant decrease in lysozyme concentration in
comparing with G2 and G3 at all measuring
times, but it failed to restore lysozyme to its
normal values in comparing with G1.

Lysozyme concentration
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Figure (2): Effect of dietary supplementation of proanthocyanidin on lysozyme concentration in florfenicol

intoxicated broiler chickens.
Data expressed as mean + SE at p < 0.05.

Small different letters indicate significance between different groups at the same period.

Nitric oxide:

Concerning the results of nitric oxide, fig-
ure (3) data exposed a significant increase in
nitric oxide concentration in G2 compared
with GI1 at all intervals. G 3 and G 4 convey
significantly lower values of nitric oxide in

comparing with G2 at 1, 7, and 14 days post
FF last dose. The ameliorative effect of proan-
thocyanidin in G3 and G4 has succeeded in
returning nitric oxide levels (5.35 and
5.81umol/ml) to be similar to those of G1 at 14
days post FF last dose.

Nitricoxide concentration

[
~N

T abc

et
=}

Concentration (umol/ml)
SN &L Q®

EG1 mG2

al’
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Figure. (3): Effect of dietary supplementation of proanthocyanidin on nitric oxide concentration in

Florfenicol intoxicated broiler chickens.
Data expressed as mean =+ SE at p < 0.05.

Small different letters indicate significance between different groups at the same period




Azza et al

Egyptian Journal of Animal Health 5, 1 (2025), 54-68

Heamagglutination inhibition (HI) assay:

Regarding to figure (4), results of HI presented
a significant decrease in HI antibody titer in
G2 at W3 and W4 in comparing with G 1. Alt-
hough G 3 and G 4 showed a higher significant
HI antibody titer at W3 in comparison with G

2, it was still lower than G 1. The modulating
effect of proanthocyanidin was proclaimed in
G 3 and G4 at W4, where it returned the HI
antibody titer to its normal values as in G 1.

HI antibody titer against NDVV

12
210
£
"E' 8 o
g 6 |
g
S 4
&
8 2

0 .

w1 w2

a
=
PN d
e i
I bc
T

a a gpac
3 b -
w3 W4

‘W eeks post vaccination

mGl =mG2 "G3 =G4

Fig. 4. Effect of dietary supplementation of proanthocyanidin on HI antibody titer against NDVV in

florfenicol intoxicated broiler chickens.
Data expressed as mean + SE at p < 0.05.

Small different letters indicate significance between different groups at the same period.

Immunoglobulin G (IgG) test:

Figure (5) exposed a significant decrease in
IgG concentration in G 2 at 1 and 14 days post FF
last dose in comparing with G 1. G 4 displayed sig-
nificant high levels of IgG at 1 and 14 days post FF

last dose compared with that of G 2. Using of pro-
anthocyanidin as prophylactic (G 4) gave rise to
better effect on IgG than using as treatment in G 3
at both time intervals.

IgG concentration

1000

C oncentration (ng/ml)

a . . d
800 ac abc b c
600
400
200
0
1d 14d

Days post FF last dose

EGl G2 EG3 EG4

Fig 5. Effect of dietary supplementation of proanthocyanidin on IgG concentration in florfenicol intoxicated

broiler chickens.
Data expressed as mean + SE at p < 0.05.

Small different letters indicate significance between different groups at the same period.
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Tissue residues of FF:

There is a significant decrease in residues
across all chicken tissues after receiving the
proanthocyanidin in Table 4 and Figures
6,7&8. The highest drug residue was found in
the liver, although the lowest concentration
was in the muscles. However FF remained de-
tectable in the liver and kidneys for up to 5
days post-FF last dose in G2 and G3. All tis-
sues were below the MRL standards and re-
mained safe for human consumption on the 7

day post-FF last dose in G 2, and G 3. Howev-
er, in G 4, the residue levels in all tested tissues
were below the MRL on the 5" day post-FF
last dose.

The effect of boiling on livers, kidneys, and
muscles FF residue in group 2 at 1day post FF
last dose were illustrated in Table 5. After boil-
ing the tissues, it was found that the levels of
FF residues decreased significantly, with a re-
duction percentage ranging from 86.49+2.31 to
95.33+9.14 %.

Table 4. Concentrations of florfenicol residues (ug/kg) in treated chickens at different time intervals post-last

oral dose.
. t d th th th 14
Tissues  Group 1% day 3" day 5™ day 7% day 9™ day day MRL
G2 310.70+ 3.53° 121.32+2.91° 90.34+0.62° Nd Nd Nd
Muscle G3  304.01%6.12° 122.74+2.32° 87.3243.11° Nd Nd Nd :l‘;‘/)kg
G4 192.72+ 8.11° 72.04+3.03° Nd Nd Nd Nd
G2 3074.03 £64.22°  1419.31 £20.03* 780.03 +30.52°  159.71 +10.63* 51.73+2.92*° Nd
Kidneys  G3 2952.72+128.51*  1325.72+117.72°  749.32+31.53° 151.32£16.33"  5431+3.051° Nd ng%(g
G4 2065.71+68.34° 948.73+13.31° 511.31429.02° 82.33+2.34° Nd Nd
G2 15598.33+213.33"  9254.32+124.21°  4000.02£100.52°  1026.32+73.32°  389.32+20.52° Nd
Liver  G3 157867122155 9556.71+501.97°  3859.05£123.73* 993.71+11.51°  399.35:19.01° Nd ﬁfg‘}l?g
G4 9942.03+147.44°  5071.34+120.24° 1023.71+74.81°  119.02+15.61° Nd Nd

Data expressed as mean + SD

due limits

Nd: non detected

MRLs: The maximum resi-

Different superscript letters in the same column mean significant difference using ANOVA at p-value < 0.05
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Figure 6. Chromatogram of a liver sample with FFA residue at 9341 ppb
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Figure 7. Chromatogram of a kidney sample with FFA residue at 950 ppb.
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Figure 8. Chromatogram of a muscle sample with FFA residue at 195 ppb.
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Table 5. Effect of boiling on FF and its metabolites residues (png/kg)

Muscle Kidneys Liver
Raw 310+3.53 3074+ 64.21 15598+ 213.33
Boiled 424+ 2.21%* 300+ 19.24* 727+ 102.23*
Reduction % 86.49+2.31 90.24+3.23 95.3349.14

Data expressed as mean +=SD .

* Mean significant difference using T. test at p-value < 0.05

DISCUSSION:

Antibiotics treat and inhibit bacterial infec-
tions in chickens and lately administered as
feed additives to promote feeding efficiency
and growth. However, higher doses of
florfenicol may impair growth performance.
Florfenicol may interfere with mitochondrial
protein synthesis since prokaryotic and mito-
chondrial ribosomal subunits in eukaryotes are
similar. It has the ability to reversibly bind to
the large subunit of bacterial mitoribosomes
and ribosomes, and inhibit peptidyl transferase
in both prokaryotic organisms and mitochon-
dria, resulting in antibacterial effects, mito-
chondrial dysfunction, and inhibition of mito-
chondrial protein synthesis (Tsuyama et al.
2017). The florfenicol impact on nitrogen me-
tabolism is related to its systemic anti-anabolic
action that lowers amino acid assimilation into
protein and hence boosts blood urea levels
(Shah et al. 2016; Fan-liang et al. 2023).

Stomach acid breaks down proanthocya-
nidin, which is made of C4-C8 units, into
smaller molecules that absorbed in the small
intestine and can prolong antioxidant action in
the blood. Proanthocyanidin can keep the in-
testinal mucosa from oxidative stress and se-
lectively inhibit the formation of pathogenic
microorganisms. Dietary supplementation of
proanthocyanidin improves broiler chicken
growth performance by enhancing intestinal
microbiota and gut architecture (Viveros et al.
2011; Yang et al. 2014). The imbalance be-
tween oxidation and antioxidation, which re-
sults in liberation of reactive oxygen species,
may be the cause of the increasing serum

MDA and decreasing antioxidant activity of
SOD in G2 and G3 (Table 2), subsequently
leading to kidney and liver failure (Abd El-
ghany et al. 2012; Jin et al. 2020; Wang et
al. 2021). Proanthocyanidin reduces oxidative
stress, improves antioxidant activity, and low-
ers lipid peroxidation in broilers. Adding of
proanthocyanidin has a time-dependent cumu-
lative influence and can reinstate the oxidant-
antioxidant equilibrium, which accounts for
the higher results in the G4 (Bagchi et al.
2014; Ola et al. 2014). High dosages of
florfenicol  cause  hepatic  hypertrophy
and damage hepatocyte cells. This is frequent-
ly accompanied by elevated transaminase en-
zyme levels in the blood. Hepatic hypertrophy
boosts enzyme production and modifies their
half-life in the blood, resulting in elevated se-
rum transaminases (Shah et al. 2016).

Higher serum urea and creatinine levels in
G2 and G3 at 1d and 14d post FF last dose
and in G 4 at 1d post FF last dose, were indi-
cating impaired renal function, as shown in
Table 3. These effects could be mediated by
changes in the renal blood flow, renal tubular
reabsorption threshold, and glomerular infiltra-
tion rate because of their inability to excrete
FF and its metabolite, FFA (Abdelhalim et al.
2020).

High dosages of florfenicol may reduce
protein levels by increasing protein breakdown
and interfering with urea excretion in the kid-
neys, resulting in urea retention in the blood
(Salomon et al. 2003). Florfenicol may stimu-
late creatine synthesis in muscles, boosting
creatinine levels in the circulation while inhib-
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iting creatinine excretion. Florfenicol produces
degenerative changes in renal tubular cells, re-
sulting in tubular obstruction, changes in renal
microcirculation, and, finally, maintaining
blood creatinine levels (Liu et al. 2009; Shah
et al. 2016; Wang et al. 2021).

The high lysozyme concentrations in FF
intoxicated group (G 2) could be attributed to
the increasing percentage of monocytes and
heterophils and in the ratio of heterophil/
lymphocyte (H/L) (Abo-Sriea et al. 2024).

The ameliorative effect of proanthocya-
nidin in decreasing lysozyme either in G 3 or
in G 4 reflects its anti-inflammatory and im-
mune regulatory functions (Ma and Zhang,
2017). Moreover, proanthocyanidin has proved
its capability in competing inflammation via
binding with excess inflammatory enzymes
(Rauf et al. 2019).

The overproduction of NO in G2 results
from the activation of NO synthase (NOS) en-
zyme (Bardhan et al. 2023). The oxidative
damage that results from FF leads to stimula-
tion of the toll-like receptor (TLR) signaling
pathway, triggering the immune cells, and sub-
sequently secretion of inflammatory factors
(Yun et al. 2023). The down-regulatory effect
of proanthocyanidin on NO expression in G3
and G4 is compatible with Zhang et al.
(2022). Proanthocyanidin has scavenging ac-
tivity against reactive nitrogen species (Tulini
et al. 2017). Additionally, it can inhibit over-
expression of the inducible nitric oxide syn-
thase (iNOS) enzyme by modulating nuclear
factor kappa B, NF-kB (Jiang et al. 2017). The
FF has inhibitory effect on the bursa of Fab-
ricius development that is the central motive in
suppressing specific antibodies against NDVV
(Fan-liang et al. 2023). The mending effect of
proanthocyanidin in G 3 and G4 reflects its
ability to improve specific immune responses
(Araya-Sibaja et al. 2022). The talent influ-
ence of proanthocyanidin could restore the in-
duced apoptotic cells in bursa of Fabricius in-
duced by aflatoxin Bl (Rajput et al. 2019).
The immunosuppressive effect of FF on IgG
production is compatible with its attitude to-
ward the production of antibodies against

NDVV. The capability of proanthocyanidin in
correcting IgG concentration is agree with
Rajput et al. (2017) who stated an elevation
in IgG, IgM, and IgA production in poultry
exposed to aflatoxin B1. The highest concen-
tration of FF residues in liver reflects its cen-
tral role in drug metabolism and is agree with
Khalil et al. (2012). Such elevation had sug-
gested the significant metabolic activity, con-
verting florfenicol into its metabolites, which
are then filtered and excreted by the kidneys
(Hu et al. 2014; Mallik et al. 2023). The mus-
cular tissue had lower blood flow and metabol-
ic activity, so it exhibited the lowest residual
concentration. This accumulation pattern is
crucial for understanding how the drug main-
tains therapeutic levels and is eventually me-
tabolized and excreted.

The amount of FF residue in all examined
tissues was below the MRL seven days post FF
administration. Although the withdrawal time
for the main form of florfenicol was approxi-
mately five days, the true withdrawal
time for FFA would be longer (EMEA 1999).

The residual levels of FF and FFA in chick-
en decreased gradually with longer cook-
ing times. Within 25 minutes, the depletion
rate of chloramphenicol in chickens ranged
from 39.31 to 50.19%. This is agreed with the
findings of Shakila et al. (2006) and Filazi et
al. (2015), who found a substantial drop in
chloramphenicol residues in shrimps, as well
as FF and FFA residues in eggs, with increas-
ing cooking time. HPLC study revealed that
boiling greatly decreased oxytetracycline, gen-
tamicin, and tilmicosin residues, with compara-
ble reduction percentages seen in Turkey
(Heshmati et al. 2013; Wu et al
2022). Additionally, Filazi et al. (2015) found
a significant reduction in FF and FFA resi-
due levels in eggs after cooking (frying and
boiling). While FF and FFA residues are sensi-
tive to heat, the reduction was not enough to
eliminate all residues.

CONCLUSION:
rom the above results, Proanthocyanidin
can reduce the toxic effects of florfenicol
through its antioxidant actions, improv-
ing hepatorenal function, restoring immunity,
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and decreasing the withdrawal times of FF and
its metabolites from tissues. Proper boiling fol-
lowing antibiotic treatment is critical to reduce
FF residue in chicken products. It is worthy to
use proanthocyanidin as a prophylactic in
broilers farms to overwhelm the hostile conse-
quences of florfenicol.
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