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Introduction: Pneumonia is a significant health concern in sheep, particularly lambs, characterized by
inflammation in the lungs in response to infectious agents affecting bronchioles and alveoli. It is a
prevalent condition in sheep populations worldwide (Goodwin et al 2004). Vitamin C, an essential
physiological antioxidant in the immune system, plays a crucial role in protecting host cells from
oxidative stress induced by infections. Its high concentration in phagocytes and lymphocytes compared
to plasma levels suggests its importance in immune cell function. Vitamin C has been shown to enhance
phagocyte activity, T lymphocyte proliferation, interferon production, and decrease viral replication in
various experimental settings (Hamila 2006). Animal studies have demonstrated that vitamin C
supplementation can increase resistance to viral and bacterial infections. Furthermore, many infections,
including pneumonia, are associated with reduced levels of vitamin C in plasma, leukocytes, and urine
(Hamila 2006). Thiamine is another essential component involved in cellular metabolism, participating
in mitochondrial oxidative decarboxylation and glycolytic pathways (Nazir et al 2019). Patients with
septic shock often exhibit thiamine deficiency, which can be attributed to either deficiency or increased
loss due to overdose (Donino et al 2010). This study aimed to investigate the efficacy of administering
ascorbic acid and thiamine alongside oxytetracycline and tylosin in the treatment of sheep pneumonia as
a safe and beneficial approach. The analysis focuses on examining alterations in clinical symptoms and
blood parameters to monitor pneumonia improvement.

Materials and Methods: Twenty 8-12-month-old male sheep with respiratory disease were selected for
this study and randomly assigned to four treatment groups: A, B, C, and D. Additionally, five healthy
sheep were designated as the control group and received normal saline solution. Group A was
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administered an antibiotic regimen consisting of oxytetracycline (Oxyvet 10%; hops, Karaj, Alborz, Iran)
at a dosage of 11 mg/kg body weight and tylosin (Tylosin 20%; hops, Karaj, Alborz, Iran)
intramuscularly at a dose of 18 mg/kg body weight over five days. Group B, in addition to the antibiotics
received by Group A, was given thiamine hydrochloride or vitamin Bl (B-ject®; Nasr, Fariman,
Khorasan Razavi, Iran) intravenously for five days at a dose of 20 mg/kg body weight (Constable et al
2016). Group C received ascorbic acid or vitamin C (Vitamin C®; Darou Pakhsh, Tehran, Iran)
intravenously for five days at 2.5 g per sheep (Black and Hirdoglu 1996). Group D received a
combination of antibiotics, thiamine, and ascorbic acid concurrently. Blood samples were collected from
the sheep on the first, third, sixth, and fourteenth days of clinical evaluation for analysis of the blood
panel. The effects of the interventions were compared using repeated measures analysis of variance
(ANOVA). In cases where the overall ANOVA indicated significant statistical differences, paired
comparisons were conducted using the Bonferroni post hoc test. A significance level of P<0.05 was
considered for all statistical analyses.

Results and Discussion: Throughout the treatment period, all groups of animals exhibited clinical
improvement characterized by a reduction in respiratory rate, heart rate, body temperature, and other
pneumonia-related symptoms. Groups C and D demonstrated a more rapid resolution of shortness of
breath and cessation of nasal discharge compared to the other groups. This accelerated response in groups
C and D could be attributed to the anti-inflammatory properties of thiamine and vitamin C, which are
known to inhibit prooxidative and cytokine activities with anti-inflammatory effects (Mohammadi and
Rezaei 2019; Chen and Wissen 2020). Additionally, vitamin C has been shown to enhance the clearance
of alveolar fluid by preventing active neutrophil accumulation in the alveolar spaces (Fischer et al 2011).
This control of inflammatory processes by thiamine and vitamin C likely contributed to the improvement
in clinical symptoms observed in animals with pneumonia, ultimately leading to the resolution of
symptoms and reversal of appetite loss.

Following treatment, a significant decrease in the total number of white blood cells, lymphocytes, and
neutrophils was observed across all treatment groups (P<0.05), with the D group exhibiting the most
pronounced reduction. This study demonstrated that the concurrent administration of vitamin C,
thiamine, and antibiotics expedited the healing process in the treated animals, resulting in a faster
reduction in blood neutrophil counts. Sheep receiving thiamine supplementation showed more effective
neutrophil responses in eliminating infectious agents compared to those without thiamine
supplementation (Mohammadi and Rezaee 2019). Vitamin C, in addition to enhancing the chemotaxis,
supported lymphocyte function, facilitated phagocytosis, and aided in the intracellular destruction of
bacteria (Wilson 2013). In terms of hematological parameters, a significant decrease (P<0.05) was
observed in the total erythrocyte count, hemoglobin, hematocrit, mean corpuscular volume (MCV), mean
corpuscular conclusion (MCH), and mean corpuscular hemoglobin concentration (MCHC) values, while
the platelet count increased to a normal level in the herd. The initial reduction in erythrocytes,
hemoglobin, and hematocrit levels in animals with pneumonia on the first day of the study may be
attributed to dehydration, which is common in infected lambs due to decreased appetite, sweating from
fever, and fluid loss resulting from lung inflammation (Pesanita et al 2020). Following treatment, as
appetite and hydration were restored in the animals, a decrease in RBC count and subsequent reductions
in hemoglobin and hematocrit levels were observed across all treatment groups. In cases of chronic
pneumonia, the secretion of inflammatory cytokines such as IL-1p, IL-3, and TNF-a can disrupt the iron
cycle, reducing erythrocyte and hemoglobin production by retaining iron in bone marrow macrophages
(Trawl et al 2012). However, in pneumonia-induced hypoxia, increased erythropoietin secretion may
contribute to heightened erythrocyte production (Trawl et al 2012).
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Conclusion: The results of this study indicate that the combination of ascorbic acid and thiamine, along
with antibiotics, proved to be more effective in treating respiratory diseases in sheep, accelerating the
healing process. This combination therapy demonstrated significant reductions in white blood cell
counts, lymphocytes, and neutrophils, with the D group showing the most substantial decrease. The
administration of ascorbic acid and thiamine in conjunction with antibiotics resulted in a faster resolution
of clinical symptoms, particularly in alleviating shortness of breath and nasal discharge. These vitamins'
anti-inflammatory properties likely played a crucial role in controlling inflammatory processes and
enhancing immune cell function, leading to the improvement in clinical symptoms. Additionally,
hematological parameters such as total erythrocyte count, hemoglobin, hematocrit, and red blood cell
indices were significantly altered following treatment, reflecting the impact of the therapy on various
physiological functions. This study highlights the potential of utilizing ascorbic acid and thiamine in
combination with antibiotics as a cost-effective and safe treatment approach for respiratory diseases in
sheep.
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Table 1: Frequency of clinical signs in sheep of the intervention groups and in clinically healthy controls according to

the study day
Group Control A B C D
Day
- . 1 14 1 14 1 14 1 14 1 14
Clinical sing
Normal 4 5 0 2 0 4 0 5 0 5
Respiratory sounds Crackle 1 0 3 3 4 1 5 0 5 0
Wheeze 0O 0 2 0 1 0 0O O O O
Yes 0O 0 5 2 5 1 5 0 5 0
Dyspnea

No 5 5 0 3 0 4 0 5 0 5
Yes 5 5 2 3 0 5 0 5 0 5
Cough No o 0 2 2 2 0 2 0 2 O
With stimulation 0 0 1 0 3 0 3 0 3 O
Normal 5 5 0 5 0 5 0 5 0 5

Mucusal membrane
Congestion 0 0 5 0 5 0 5 0 5 0
No 5 5 0 3 0 4 0 5 0 5
Serous 0o 0 0 2 0 1 0O O O O

Nasal discharge

Mucus 0O 0 0 0 0 OO O O O
Mucopurulent 0 0 5 0 5 0 5 0 5 0
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Table 2: The mean of respiration rate (breath per minute) of sheep in the intervention groups and in clinically
healthy controls according to the study day

G Day
roup 1 3 6 14
Control 23.60 (1.14)? 23.80 (0.84) 23.60 (0.89) 23.60 (0.55)?
A 39.60 (0.55)° 36.80 (1.48)° 32.20 (0.84)° 29.00 (0.71)"
B 30.40 (1.14)° 36.20 (1.48)° 28.60 (0.55)° 27.40 (0.89)°
C 38.40 (1.14)" 36.40 (1.14)" 26.40 (L1.14)° 25.60 (0.55)
D 38.80 (1.48)° 34.80 (1.30)° 23.20 (0.84)% 23.20 (0.84)

Data are presented as Mean (standard deviation).
Non-similar Latin letters indicate significant levels (P<0.05) compared to different levels of treatments.

Table 3: The mean of heart rate (beats per minute) of sheep in the intervention groups and in clinically healthy
controls according to the study day

Day
Group 1 3 6 14
Control 72.60 (1.67)? 73.60 (1.67) 74.00 (0.71)? 73.60 (1.14)%
A 102.20 (3.56)" 96.60 (1.95)° 85.00 (2.00)° 82.40 (2.07)°
B 102.60 (5.60)" 90.60 (1.95)° 80.20 (1.92)° 76.00 (1.00)
c 102.20 (3.11) 89.00 (1.58)c 76.20 (1.64)% 73.40 (1.82)°
D 98.00 (3.16)° 86.40 (1.67)% 71.60 (1.67) 67.20 (1.79)¢

Data are presented as Mean (standard deviation).
Non-similar Latin letters indicate significant levels (P<0.05) compared to different levels of treatments.
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Table 4: The mean of body temperature (°C) of sheep in the intervention groups and in clinically healthy controls
according to the study day

Day
Group 1 3 6 14
Control 38.70 (0.16)2 38.72 (0.13) 38.68 (0.13)° 38.62 (0.08)%
A 40.02 (0.08)° 39.76 (0.15)° 39.54 (0.05)" 39.46 (0.05)"
B 40.02 (0.08)° 39.72 (0.08)" 39.22 (0.04)° 39.14 (0.11)"
c 40.06 (0.09)° 39.80 (0.12)° 39.48 (0.08)" 39.34 (0.05)°
D 40.08 (0.08)° 39.68 (0.08)" 39.06 (0.05)¢ 38.68 (0.08)*

Data are presented as Mean (standard deviation).

Non-similar Latin letters indicate significant levels (P<0.05) compared to different levels of treatments.
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Table 5: The mean of white blood cells, neutrophils, and lymphocytes (/uL) of sheep in the intervention groups and in clinically healthy controls according to

the study day
With blood cells (/uL) Neutrophils (/uL.) Lymphocytes (/ul)
Group 3rd
I1stday 3rdday 6thday  14thday 1st day 3rd day  6th day 14th day 1st day day 6thday  14th day
Control 8420 8380 8380 8380 3960 3960 4060 4040 4340 4300 4280 4280
(83.7)*  (83.7)* (83.7)*  (83.7)° (114.02)*  (114.02)* (151.66)* (134.16) (114.02  (70.7)*  (83.7)*  (44.7)°
A 16260 14680 12840 9040 11160 9360 7140 4540 5000 5240 5600 4400
(230.2)° (356.4)° (114.0)° (230.2)° (167.33)°  (230.22)>  (54.77)>  (114.02)° (70.7°  (151.7)>  (70.7)° (122.5)2
B 16260 14280 12800 8840 11180 9080 7120 4460 4980 5100 5580 4280
(260.8)° (327.1)° (158.1)° (230.2)° (178.89)°  (228.04)°  (83.67)° (54.77)° (83.7)° (100.0)> (83.7)° (83.7)?
C 16200 14640 12880 8800 11140 9320 7180 4420 4960 5220 5600 4280
(158.1)° (421.9)° (178.9)° (230.2)° (114.02)°  (277.49)>  (83.67)° (83.67)° (54.8)° (148.3)>  (005p (83.7)2
D 16180 14400 1160 8280 11140 9140.40 6780 4160 4940 5160 5300 4020
(164.3)° (524.4)° (207.4)° (230.2)? (114.02)°  (34351)® (130.38)°  (54.77)2 (54.8)° (181.7)° (1225)>  (83.7)°

Data are presented as Mean (standard deviation). Non-similar Latin letters indicate significant levels (P<0.05) compared to different levels of treatments.
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Table 6: The mean of platelets (/uL) of sheep in the intervention groups and in clinically healthy controls according

to the study day
Group Day
1 3 6 14
Control 909,60 (4.93)2 909.60 (4.94)" 909.20 (4.71) 909.40 (5.46)
A 681.80 (3.35)° 681.82 (2.77)° 774.60 (3.21)° 865.60 (3.21)°
B 682.80 (1.92)° 689.40 (6.73)° 777.20 (9.36)° 870.80 (0.84)"
Cc 681.60 (3.65)° 700.00 (1.58)° 798.60 (1.52)« 874.60 (3.91)
D 681.40 (2.30)° 705.60 (4.72)° 788.40 (14.84) 877.20 (3.19)

Data are presented as Mean (standard deviation).
Non-similar Latin letters indicate significant levels (P<0.05) compared to different levels of treatments.
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Table 7: The mean of red blood cells, hemoglobin, and hematocrit of sheep in the intervention groups and in clinically healthy controls according to the study

day
Red blood cells (x106/uL) Hemoglobin (g/dL) (%) Hematocrit
Group
1st day 3rd day 6thday  14thday I1stday  3rd day 6thday  14thday 1st day 3rd day 6thday 14thday
Control 12.10 12.10 12.10 12.10 9.48 9.48 9.48 9.50 28.14 28.12 28.14 28.12
(0.13)2 (0.16)2  (0.16)*  (0.16) (0.19)2  (0.19)*  (0.19)*  (0.21) (0.17)2 (0.18)2  (0.17)*  (0.17)*
A 10.80 8.40 8.34 8.28 10.98 10.96 10.42 9.58 32.34 31.48 30.26 28.12
(0.16)° (0.23)° (0.21)° (0.26)° (0.15)° (0.15)° (0.15)° (0.19) (0.09)° (0.26)° (0.18)>  (0.13)2
B 10.94 8.38 8.28 8.24 11.02 10.96 10.64 9.84 32.28 31.56 30.26 28.22
(0.11)b (0.24)°  (0.24)>  (0.16)" (0.13)>  (0.13)>  (0.05)*  (0.09) (0.23)b (0.23)  (0.11)>  (0.23)2
C 11.72 8.34 8.20 8.16 11.02 11.04 10.62 9.86 32.36 31.56 29.66 28.10
(1.28) (0.17)>  (0.21)>  (0.23)® (0.13)>  (0.15)>  (0.13)>  (0.11) (0.11)® (0.27)>  (0.21)  (0.10)2
D 11.12 8.26 8.14 8.08 11.00 10.92 10.50 9.70 32.42 31.74 30.84 28.22
(0.13)® (0.12)° (0.13)° (0.19)° (0.16)° (0.08)° (0.07)° (0.16)* (0.13)° (0.45)° (0.70>  (0.13)2

Data are presented as Mean (standard deviation).
Non-similar Latin letters indicate significant levels (P<0.05) compared to different levels of treatments.
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Table 8: The mean of MCV, MCH, and MCHC of sheep in the intervention groups and in clinically healthy controls according to the study day

MCV (fL) MCH (pg) MCHC (g/dL)
Group
1st day 3thday 6thday  14thday 1stday  3thday 6thday  14th day 1stday  3thday 6th day 14th day
Control 24.20 24.24 24.22 24.18 9.28 9.24 9.28 9.28 31.22 31.22 31.20 31.18
(0.16)2 (0.11)*  (0.13)® (0.11)2 (0.13)*  (0.13)* (0.13)® (0.13)x (0.18)*  (0.13)* (0.10)2 (0.11)2
A 38.26 37.60 27.32 24.98 10.12 9.38 8.98 8.32 37.86 37.52 35.82 31.34
(0.19)° (0.29)>  (0.18)° (0.24)° (0.13)>  (0.28)2 (0.08)2 (0.18)%¢ (0.13)>  (0.24)° (0.51)b¢ (0.31)2
B 38.04 37.30 26.76 24.88 10.02 9.48 9.02 8.36 37.90 37.24 35.26 31.40
(0.23)° (0.30)>  (0.18)°  (0.13)™ (0.15)>  (0.31)2 (0.08)2 (0.11)®¢ (0.07)*  (0.18)° (0.15)¢ (0.19)2
c 38.00 37.36 26.46 24.62 10.02 9.58 9.36 8.22 37.78 37.10 35.60 31.22
(0.16)° (0.48)>  (0.11)%  (0.08) (0.29)>  (0.19)2 (0.24) (0.08)¢ (0.16)>  (0.16) (0.23)¢ (0.15)2
D 38.12 37.48 26.28 24.24 10.00 9.44 9.16 8.06 37.76 37.12 35.08 31.18
(0.26)° (0.44)°>  (0.198)¢  (0.18)? (0.16)>  (0.36)2 (0.19)® (0.05)° (0.11)°  (0.13) (0.19)¢ (0.13)?

Data are presented as Mean (standard deviation).

Non-similar Latin letters indicate significant levels (P<0.05) compared to different levels of treatments.



b0 elig sl JoSo b laidnsS (Sgeghs ployd (b (ol g (b Sl 2L5))

Golaire SISl s i sla S slass s Lagls

LI e
LL ol 155 Sty 5 obl sl s (BT 51523
s GRAS s 55518 (b oo Sl sladeSe G
SanS 5 sladai s 555 Hoeh S s o ladad g S
OLis 5 o 0 Bloadl seas (e oo Ho bidew Wb
W18 (Ssesi 0 Mine uides S 5o eisie (YL mad )
olgal & la iS5l ghie sane b Lo, o ladud s 55
sl e 3a 035k oA b oS was e ol sla
O Jlas g a8 (Yoo ¥ oLlSan 5 ol o)
ol 0 5ulSe migle € by 5o ) 8l Ho ladid g 55
Sl Guagen O 230 Gl 5 (5505 0 Shae BN (51
o Jlad gladid g 555 G (V001 Ol 5 (5l)
slada ity b 5 Sl 5555 slap BT @yl YISl
el 2l 4 Lol s € € 3T, olellcy
ouslgam) olawee S Yok 1) ol Wy, 5 sl
o 58 s GiS All slatiloiss 3l 5o 5 (Y-1Y
5 eSS alaad Gl 531 e pin cpudh (K05 () gaad (o 5
slaws 5, 53 5o G gleo (8, WL 50 QIS L s
L Bass 5o Sl yo gla SN aS w0 S e slasl H Sis
Sl SIS S e layy JolS5 La Saan T ol JiS 5 phaie
S oae 0 C fualiy b plid i £ Glesa S sl g
glia i b (5lag3 Glos oo e (el L3I0 50 sle
slasly @oladl 5 oSl s f ol ¢ Sl o) 0T
(VXY OhSen 5 SUS o) 5o i a5 09 (258
B35 09 C omeling a5a3 500 Gasb Col 5wl cnl s
S (S se sy 4 Miae plaidn £ Sl ladilis (gu 50
gob—w O Bob O il su S el ) s de
Wil 51 oy sl Y8 o Lactunes 50 50 Sas sSen Totaws|
b o (EAS (ind 4 (A8 i sl o o gie

555 55 S S Tt | 315 350 lohie (s (ol

&,

&y
el e 53 e 9 Ko age Jle B (S ol S S ge gy
U3 et olis b has e JSiie (Sl 5 ol
xS Wl Hlady GRS | pams 31 ds cpl o
Ol 1) (50 wisde wad 5 cuale Wl 55 oo (qulid 05
Supte cneal 4 Ly (VAT LlSes 5 JBusls) aas
o (Sloss asdy O saliinl b sliie u)l g0 (Sloso
“0oa 5 b sladsly bl s 5 aalllas Gl 5o su
ol 58 (Peesy s paLlr Duo o9 (el
ol coaal Yla aS 4] Jy wu S saalie olade S
23S0 D ey S 5 golan S 5 Spsw i
1 orels 5 C faaling S (Ale o JeSa ga o ilaya a3,
ellas Galsa Julo & Wil 5 o €S Wiu 5 0 S bl 0
callad 5lgo 59 o0 ol oo 2l C oalis g 5 (el
OGSl 5 el Gy slaoSsule 5 sslaSls
5 C Lasly s, wwbe e 5L glaswias
902V Gla, 5 (saans) wisla GEES (4 65 oS g5
Jid a3 51 oSl b C oeliny (Ja (Y4Y: G
L Sl mle @olusl (Jisll slalas 5o Jad s
Jelo aa® 5o (Y0 OlSea 5 5dd) aas e (il
L e Slblgs o Gl glalis ugg 5 iy
39 ol b g oL@l glaws s, JAS 4 b e o Sse sy
9 sulb gbalas jud ok o S sl e el

o) swn S et sl @ik
550 VE (o 53 JSES 858 Lo oA Wi slad K yulis
Lyl Gass cnll JSly €€ cudld (5500 3883 850
e 2l 4 LA g (BT 5503 il o 48 50
el 5 Bl Caaling lal 53 3903 5 samo £8/8 (2alS
i S ulaad gais o SAA GRalS ca S Sl
05051 3 saal cnns @l 5 wa S dallles (o s Gsa
33953 poh a5 oOle) an S uls oL L pSejlasl L) S



VEY Lo /¥ 0o YF s /s pole (sla g,

UI)K.QA 9 (8970 [\ g

(VNN ) San 5 osaal) addy 5LE) e gie 5 olgall
Ao

\ 3 -

WS 5 Ol (2b o) Sk

o8 osa peald S lsie & B8 e drds s
soliiul a5 50 S50k slacdla (ST Gy 5 (2L
s sla G (Y18 LK an 5 oIl 5,) 9,8 L
9 s Ll saS s oS alaad o5l 50 sdla
G8laie oS s g (Pde W55 Sy psls Ol (S s 5
Ol S Al S Hu 550 15 s oI5 (e 5o

0 sad saalie HIKaT sk 5 sesh 4 Wise
=S a5 s @ A sae 555 laaS ralS
WBad) a0 (G A Gols e B G saed (590l 50 L8
Oloaien ) 53 5o ad g (LA L L 5 dlie (J e Jalo

] Griman 5 oleAE ) She 53V Jids @

slacs sie da gyl gas lo 0 Glain 33e SuuS S
djle Byme 5 lagle s ¢ s ) (RLSL
OSaa 5 Wl g,) W8l o 3LS) WS S Sl (sola
G155 e LS K ,ala andlos Lo oS (Y00

sl bls 5 sie elite
VWY 0Sile) 4 = Vo Lacu gy, slaad el 5ol
OSSle) A = Vo Gusslsen (Sl Sae 58 9 abee
YW= to on Ssilea 5 (Od Shl ows 53 a8 VY0
5 J15) ol sad (18 Wik 50 (s 5 Vo (S
B3 (Y01 K 5 i il YY), K 0
ol 2alS el e pands 4els b alles (slas 5
Miso slaals o cu S silaa 5 (sl san (a8 slad s
B 55 o 4S Crend Sl Pae dalllae Ul 595 L9 (Psesh ©
plSia (5 aml Wi slas s ¢ sa—ubilousas 5 a2l
5 s L) (RalS Juls 4 o (o aS (Sse sy
Jodo o Gained wau oo 5 o8 D) (a0 Gasad 3 e
380 o s 5 wa alaube Hlen pus dady; Clll

A:A-A-:I:SJ:!J‘:)LA‘)J &Jﬁuzla:\.o .(Y'Y' U‘J\S‘“‘&J‘Cﬁ"lbf)

b b s Sha slas Slae £ faslis g 5923 ook
Jels s 0 s (Y2 ¥ s 5 0a) 20 oo (13
BT 5 20ls3 € aaling Glals Sasa3 (a0 ol o
wad ol sa (o By o9 gl oo LSS 50
O sla g5 9 alaas (aalS 4o glas 538 dallbs
59 6S o | ot cals Gl o | 4B 18 (g Ay g,
S 3 o8 Ladads 385 opels (oS iy o i S
Sl £ gladis s 55 b dwalie Hu Sgie Jale o
Sulad oo Jae S350 w0 g 8080 @l Gaels JoSe oS
(YN Sls,y 5 guans)

Lacpes sil 3 Slae 5 ¢ SB oS 5 ags s C ool g
ol D09 plagsl 5 st SU 4 5 s Sladdy
Ol i duylie (V2 VY pnly o) WS 0SS Lagg S
3o b il gl s o St sl ad ) e Sl
38 5 55 S sSenl wrel 5 el slageliyy Lol s
slae s 8 it 5 Jia s u Jla s o 4 ol olaxs
B 00 8185 oo 5 s 81l 058 o &) s (lops aS
(o305 (2 B s she (35 (BT Gede S a3
(Yo oV ooSan g o) was ) lGaL S L (200
slag—aly 5o laca—w il 5 ladad s 555 oLl s il sl
Lol Y- NY oS 5 J55) ol s (5158 50 Slasa
09 Sl b (le Sad S S8 L3555 ey
352y Sk cadllas (pl Ho (Ssesy 4 Wine i S
ibee Sode s ol mauly

o9 bl salic 51 (S (S5l slan slasielly saeuds
o albyy) s T la als 5 Glad) Fods cuns 5 (b5
O g8 oo S sl Jielyly o @lmas (YN LK an
Loolrea bl Jhass usiwl wiile (S5 50508
o (L5558 O S o pems Al slagglens
sladss s 55 i slad s o (K550 55 50 il

e slaals o ab gladsle Gad oyl 5 SawS 5



BV (dasling slo JoSa b plaidsS (Ggags ployd (b (ulidigh 5 (b Sl (2L))

2l o il b ok spaa B aS (Y-
2 (YoNY) oolSan 5 0SS (6T Lrags Lo auls cdalba
o S OBl a s sells 4 MWie slass s
oSk (MCV) Jsls paa pSilis i slad K
bl (Sl 5 (MCH) 508 cladsalS (a5l sen
ol solsgne 55k (MCHC) s s 5K gan
9 S silas o3 slad S (a5 san saalie Lol catsly
3 OS5 (s1) 9 4L GBS Hlaw 558 5o (SN e
Sl Gasad o Ladmils ol (Y0¥ ol,LSaa
wallbe w5 b oo Slaa 5 Gussen i slad 8
by glagaalid o900 5o JdyGals Slsaas yola
S o,ls oplie o8 sla oK sla was! 5 oluad
S slacdl (65550 5 oolite cuale 4 by e il
S S GBS d s el ol as50 53 G

Al 80 53 o g e
253 03 Ol eSI BT S ol sie @ S S lan
cbbilas gl S Guil 5 b Jolw slga ]
o olews 5590 S Bl Gus 1) s OISl 5 s e
onlb—al 53 (Y2YY OSa 5 (518 i) w80 o Gl 53)
Oliden S a5l 5 o5l o Sse sy 5 wsa e olallhs
e 5305068 (8 G sl Siialy 5 (V2 Gl sol)
chle GBS 3 50 g aas e ¢ il S, Sl
sleloles 435 5o Lebd s 55 SU1s S oS T s

025 YT GhlSan 5 815 ) e (alS a4 S

sud alail dalllas o sael ces @ @l (Yo Y s s
sl GLis (Y sy (Psesiy 4 Wine slae s 0 2
wlg (C aeliog sy = b yo 09,8 Ho € ol
o o wslype GBS a5 lEl Gl LS s
Jole 5058l Glgilla s (550l S Glsie © C asling
9 S320) 8w Co—as JTsw | (el s Jraas
claslas 55 sl (ol Sse 5l inan 5 (Y- V) ol,lS0n

Gl W g, G o cnas 5 Pl |5 bl sl |
alie 5o (BalS T b 4 g 503 slad s wlaas
Oleos @wad slas s S aled Ho cn Ssiles 5 sk sen
S Ao i B e Sesiy (e JISET 5o a0 S saaliis
L TNF-a 5 IL-3 dL-1B s el ola S sl
53 ol palsind Lo s 008 olal Jalas ool i a
s pnalsS sl Gleaial Hae sladliy Sboe
OS5 JI5) s—dioe (sl san 5 Lo i)
GBI bds & (S 4 Maie slaals Hu wig sa (Y-
Ol 58) 5o )53 e i sa sl o 5 Ol Bl ¢ euS syan
OolSan 5 15) bl by G Lacman 53, 5
(YAY

OSilie) €+ =YAMCV (gl sas (518 2k jiulis
5 (pSsSae Ve S3Le) WY-A MCH (54] 5503 v
2l o (ds LYY /XY 5 Silie) aus HavY — Y€ MCHC
(Y VT oK 5 Ja sl YT oKas 5 GeSh)
o8 553 (oo Lo 50l Glaguw ) @l s
5l L3 b els Lo palde 45 uls ol
dalllas olaisl slay g, s sk sual ie sla Sa ]
olallbe il Gl wload Suuys A Jlo ) aa 4 gyl
L Sy sSaaTan ool o suls oot aalysl 5 Glaallase
sLasT 3 5l 58 Ood 308 sled s slisd ) lidlas
(V-0 psalnl 5 glas ol wle ) S g ablia & saulasc)
3008 sl sal S s Ho ] (Sae 58 05018l A
il sa g S b carss 4 o

) Ssesi 4 Wise slas 5o Gl de dallbe S 50
Slasd da 3 B (RalS L ol jan Sae s S spad Sty Sae
s Sgiloa 5 Gu sl san 5o0lie (ualS da oo )
alass Gl 531 b ol an LaeSHy 5 Lo siil slax ShalS
5 ksl (i 5 e o sas Laca w1 S

OIS 5 (i) il 830 8 GBS s sl 85 50



VEY Lo /¥ 0o YF s /s pole (sl g,

UI)K.QA 9 (8970 OA

(Ssm BT glass SUS 5o Gse sy e Gluiie S
AAY e olas Jad C_).J.u

soby S solan sose 5 Sl pdle B s
suss el JoSo soliil 5 il o KL 5
.C_a.u.,‘

Ol (550 s 0 Wine slas s 59 (55l slea olpnis ¥
S5 L lo o ol Jad olgil el S g sia
sl ST e o€ 50 4 5230 C Gasling 5 (el 3
o Lo S ol b dinlie o b cuns g o Sa
oS ol o8 ol as 3l sanas plias oS s S
Lo oo 5 a5 suliienl s« 3loys oI5 (53 e ys ¥

Al (oLl maly Jraad 5o lagaeling

oleoas g SES

OLBT (g9 saise 530 WA LISy oS Hlie 3 iy s
el s ool bl 5 suly cime laode lan S
5603l e 58 S50 e eSS 5 (Sdels LSS
D98 (oo (S8 gl Jalad 5 4iad

il Lol

asay s28lhe uLaS maa «S Wi5ls oo aMel e il e

.J‘)‘J:\

sladiily € shailen (pl sl (V¥ Guuas 5 0r) S50
oty (oledll byl s 5o S oo anls 50 Bl dalllas
3ol s aSlee Hu aliilae (B8 S S ulan
oSy sl 058l Jole S ol 4 O)sipe suls o)
(V7Y OKan 5 5315) oS saldinnl s las ¢l g 585 )
o0 A8 sl (Sl S GaX sladlbs o
09 b i usage Bely (el g Sop STl
130 Presiy b S S 4 e Jla o plslay
S ol Gl 5 OB S o (Y LS 5 S 5L)
S50 ) (il il S il b S oSl
OIolSen 5 Loall) wi€ o bl LS 0 BT 2S5 S0
GoSdaul ufias b 8 sud aladl oladllas o Y-V €
9SSl sl mlans GEAIS < 250 g 35l s 59 4S w
O a5 siign Y daan ) wdl oo 331 aelS
I3 el 5 S S T 5 suliien ) cpl b (Y23 -
o B s o Slee PR 50 S 0 same (gl sid e
) S o alal Glolan Ko olgll 5 sl nSH o il )
S (Y GLKaa 5 Ssbe¥eYe olLlKan o T S5 aile
oo e suliial wiie Sl 3 A s 4Bl o Sliiise ol
aallle Gol 5o S S Tasea | g (ol Lo g (0T 5
) (o oo lor s olidad i S anls wa s )
al8aa Hu salii il sy 90 sla gols Jleial S350 a3
walllae (slacus sane 51 4S ol 5l )50 Gload 5 sa3
383 0l slacaagans Soa 5wl e Hladn > sla
sU S 85908 5 o @S Sblgaa oS slaal 4 Gl 55 e
S okl s olalesT g8

S S daail
Glos 1 1o lpusal Joeilly dalllae ol (slaaisly

sl (S Glass lsie 0 C Gaslis g 5 ool 5 eliieal



A elig sl JoSo b laidnsS (Sgeghs ployd (b (ol g (b Sl 2L5))

ouldiiul v,y 40 C-."-'“

Albesa I, Becerra M C, Battdn PC and Pé&ez PL, 2004. Oxidative stress involved in the antibacterial action of
different antibiotics. Biochemical and Biophysical Research Communications 317: 605-6009.

Alley MR, 2002. Pneumonia in sheep in New Zealand: an overview. New Zealand Veterinary Journal, 50: 99-101.

Aytekin I, Mamak N, Ulucan A, Kalinbacak A, 2011. Clinical, haematological, biochemical and pathological
findings in lambs with peste des petits ruminants. Kafkas Universitesi Veteriner Fakultesi Dergisi 17: 349-355.

Black WD, Hidiroglou M. 1996. Pharmacokinetic study of ascorbic acid in sheep. Canadian journal of veterinary
research, 60: 216.

Brown KA, Brain SD, Pearson JD, Edgeworth JD, Lewis SM, Treacher DF, 2006. Neutrophils in development of
multiple organ failure in sepsis. The Lancet, 368: 157-169.

Chen Q, Vissers MC, 2020. Vitamin C: New biochemical and functional insights (Vol. 1). CRC Press.
Constable PD, Hinchcliff KW, Done SH, Griinberg W, 2016. Veterinary medicine: a textbook of the diseases of
cattle, horses, sheep, pigs and goats. Elsevier Health Sciences.

Darwish AA, 2020. Monitoring of antioxidant vitamins concentrations in some ovine diseases. Veterinary
Sciences: Research and Reviews, 6: 58-63.

Donnino MW, Carney E, Cocchi MN, Barbash I, Chase M, Joyce N, Chou PP, Ngo L, 2010. Thiamine deficiency
in critically ill patients with sepsis. Journal of critical care, 25: 576-581.

Fisher BJ, Seropian IM, Kraskauskas D, Thakkar JN, Voelkel NF, Natarajan R, 2011. Ascorbic acid attenuates
lipopolysaccharide-induced acute lung injury. Critical care medicine, 39: 1454-1460.

Goodwin KA, Jackson R, Brown C, Davies PR, Morris RS, Perkins NR, 2004. Pneumonic lesions in lambs in
New Zealand: patterns of prevalence and effects on production. New Zealand Veterinary Journal, 52: 175-179.

Goodwin-Ray KA, Stevenson MA, Heuer C, Cogger N, 2008. Economic effect of pneumonia and pleurisy in
lambs in New Zealand. New Zealand Veterinary Journal, 56: 107-114.

Hemild H, 2006. Do vitamins C and E affect respiratory infections? Doctoral thesis in Department of Public Health
University of Helsinki Finland.

Hussein EM, Alam T, Masoud S, 2000. Some studies on clinical, haematological, and biochemical changes in
pneumonic lambs with trials of treatment. Veterinary Medicine Journal, 8: 81-98

Kim WY, Jo EJ, Eom JS, Mok J, Kim MH, Kim KU, Park HK, Lee K, 2018. Combined vitamin C, hydrocortisone,
and thiamine therapy for patients with severe pneumonia who were admitted to the intensive care unit:
Propensity score-based analysis of a before-after cohort study. Journal of critical care, 47: 211-218.

Lambert JL, Fernandez NJ, Roy MF, 2016. Association of presence of band cells and toxic neutrophils with
systemic inflammatory response syndrome and outcome in horses with acute disease. Journal of veterinary
internal medicine, 30: 1284-1292.

Abd-El-Rahman H, Ibrahim M, 2013. Impact Of Ascorbic Acid And Probiotics For Improvement Of Conception
Rate Of Ewes During Summer Season. Assiut Veterinary Medical Journal, 59: 21-31.

Mahmoudi M., Rezaei N, 2019. Nutrition and immunity. Springer.

Maksimovic Z, FE CDL, Rifatbegovic M, 2013. Presence of mycoplasmas in the respiratory system of small
ruminants managed under an extensive production system. Turkish Journal of Veterinary & Animal
Sciences, 37: 352-354.

Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas, J, 2017. Hydrocortisone, vitamin C, and thiamine for
the treatment of severe sepsis and septic shock: a retrospective before-after study. Chest, 151: 1229-1238.
Matsuoka T, Shinozaki H, Ozawa S, 1zawa Y, Koyanagi K, Lefor AK, Kobayashi K, 2020. Administration of

corticosteroids, ascorbic acid, and thiamine improves oxygenation after thoracoscopic esophagectomy. Annals
of Thoracic and Cardiovascular Surgery, 26: 133-139.


https://www.researchgate.net/journal/Kafkas-Universitesi-Veteriner-Fakultesi-Dergisi-1300-6045?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

McGillick EV, Orgeig S, Allison BJ, Brain KL, Niu Y, Itani N, Giussani DA, 2022. Molecular regulation of lung
maturation in near-term fetal sheep by maternal daily vitamin C treatment in late gestation. Pediatric
research, 91: 828-838.

McRae KM, Baird HJ, Dodds KG, Bixley MJ, Clarke SM, 2016. Incidence and heritability of ovine pneumonia,
and the relationship with production traits in New Zealand sheep. Small Ruminant Research, 145: 136-141.
Nazir M, Lone R, Charoo BA, 2019. Infantile thiamine deficiency: new insights into an old disease. Indian
pediatrics, 56: 673-681.

Pechous RD, 2017. With friends like these: the complex role of neutrophils in the progression of severe
pneumonia. Frontiers in cellular and infection microbiology, 7: 160.

Pezzanite, L., Neary, M., Hutchens, T., Scharko, P. (2009). Common diseases and health problems in sheep and
goats. Kentucky: University of Kentucky.

Rizk MA, El-Sayed SAES, Salman D, Marghani BH, Gadalla HE, Sayed-Ahmed MZ, 2021. Immunomodulatory
effect of vitamin C on proinflammatory cytokines production in Ossimi Lambs (Ovis aries) with Pneumonic
Pasteurellosis. Animals, 11: 3374.

Roland L, Drillich M, lwersen M, 2014. Hematology as a diagnostic tool in bovine medicine. Journal of VVeterinary
Diagnostic Investigation, 26: 592-598.

Seixas L, Peripolli V, Facanha DAE, Fischer V, Poli CHEC, Melo CBD, Louvandini H, McManus CM, 2021.
Physiological and hematological parameters of sheep reared in the tropics and subtropics. Arquivo Brasileiro
de Medicina Veterinaria e Zootecnia, 73: 622-630.

Soethout EC, Miller KE, Rutten, VP, 2002. Neutrophil migration in the lung, general and bovine-specific
aspects. Veterinary immunology and immunopathology, 87: 277-285.

Sokary S, Ouagueni A, Ganji V, 2022. Intravenous ascorbic acid and lung function in severely ill COVID-19
patients. Metabolites, 12: 865.

Thrall MA, Weiser G, Allison RW, Campbell TW, 2012. Veterinary hematology and clinical chemistry. John
Wiley & Sons.

Toews GB, Hansen EJ, Strieter RM, 1990. Pulmonary host defenses and oropharyngeal pathogens. The American
journal of medicine, 88: S20-S24.

Weiser MG, Vap LM, Thrall, MA, 2007. Perspectives and advances in in-clinic laboratory diagnostic capabilities:
hematology and clinical chemistry. Veterinary Clinics of North America: Small Animal Practice, 37: 221-236.

Wilson JX, 2013. Evaluation of vitamin C for adjuvant sepsis therapy. Antioxidants & redox signaling, 19: 2129-
2140.

Zhao G, Li P, Mu H, Li N, Peng Y, 2021. L-ascorbic acid shapes bovine Pasteurella multocida serogroup A
infection. Frontiers in Veterinary Science, 8: 687922.



