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Abstract
Background : The effect of aflatoxin in broilers is well known. However dietary supplementation of crude
leaf powder of Adhatoda vasica was found to decrease the negative effect of aflatoxin B1 because of bio-
adsorbing feature of the active ingredient and the detoxifying nature of the herbal material. The main goal
of this study was to ascertain how Adhatoda vasica crude leaf powder along with aflatoxin contaminated
diet ameliorated the toxic effects of aflatoxin B1 on zootechnic performance indicators, bone
morphometric characters, serum biochemistry, antioxidant profile, organ weights, gross pathology and
histopathology of liver and kidney. Broiler chicks of one day old were divided into six groups. The G1 group
was given a formulated basal diet without any supplements. The G2 group was fed with balanced diet with
Adhatoda vasica crude leaf powder at 0.5 % inclusion. The G3 group was fed with balanced diet with
aflatoxin B1 (50 µg/kg). The G4 group was fed with balanced diet with aflatoxin B1 (50 µg/kg) and
Silymarin @1000mg/kg feed. The G5 was fed with balanced diet with aflatoxin B1 (50 µg/kg) and
Adhatoda vasica crude leaf powder at 0.1 % and G6 was fed with balanced diet with aflatoxin B1 (50
µg/kg) and Adhatoda vasica crude leaf powder at 0.5 % inclusion from day 1 to day 35 of age.

Results: According to the results of the study, Aflatoxin supplementation in the feed had a detrimental
impact on zootechnical performance, bone morphometric characters, serum biochemical parameters,
gross and histopathology. Aflatoxin supplementation led to liver injury that was indicted by serum
biochemistry and histopathology in the liver and kidney tissues. Supplementation of the crude leaf powder
of Adhatoda vasica exhibited significant detoxifying effect as evidenced by improved growth performance
and bone morphometric characters and ameliorating changes in the levels of serum biochemical
parameters and the antioxidant enzymes. The effect of the herb in reducing the pathological lesions were
also similar to the standard drug.

Conclusion: Crude leaf powder of the plant Adhatoda vasica could be used as a suitable herbal alternative
to mitigate aflatoxicosis in broiler chicken.

Background
Among the livestock sectors, poultry is one of the most important and fastest-growing sectors and is
better organized and industrialised and is progressing towards modernization. Egg and broiler meat
provides protein and maintains the nutrition of the consumer. Thus poultry meat has become a major
source of nutrition in India and its share accounts for 28 per cent of the other meat sources. However,
there are some threatening factors associated with the poultry meat sector which include disease
outbreaks, competition in the international market, feed cost, indiscriminate use of antibiotics, lack of
proper biosecurity standards and presence of Salmonella sp., infection in the meat [1].

Various infectious pathogens which impair the production include bacteria, viruses, parasites, and fungi [2].
Among these, fungal contamination is viewed as a serious condition as it is often challenging [3]. These
fungi produce low-molecular-weight compounds in the substrates known as secondary metabolites, with
confirmed toxic properties referred to as mycotoxins [4]. Among these, aflatoxins (AF) which include B1
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(AFB1), B2 (AFB2), G1 (AFG1) and G2 (AFG2) are highly toxic, mutagenic, teratogenic, and carcinogenic
compounds that are produced as secondary metabolites by fungi belonging to several Aspergillus species,
mainly A. flavus and A. parasiticus [5–9]. The toxic effects of AF are dependent on the dose and exposure
time which determine the acute or chronic poisoning. Acute toxic syndrome occurs by the ingestion of
feed contaminated with high concentrations of AF and the effects are observed in a short period of time. It
is mainly characterized by rapid deterioration of the affected birds with loss of appetite, acute hepatitis,
jaundice, hemorrhage and death. The liver is the main organ affected with lesions of hemorrhagic necrosis,
centrilobular congestion, bile duct hyperplasia and fatty infiltration of hepatocytes [10] and thus demands
much toxicological and mycological research over other mycotoxins for finding out solutions to the
problem that has really threatened and caused a negative impact on the scope of animal product exports
to many tropical countries [11].

As these toxins are extremely durable, prevention is not always possible and detoxification by various
physical, chemical and biological methods have been often followed [12].. In the physical methods viz.,
pressure cooking and roasting, certain nutrients will be lost [13]. Chemical methods employed using
ammoniation, treatment with formaldehyde and calcium hydroxide, and sodium bisulfate is restricted for
safety issues [14]. Detoxification by microorganisms [15] leads to release of undesirable compounds by
the microbes. Use of toxin binders with mycotoxin-contaminated feeds, bind the toxins and inhibit their
absorption from the gastrointestinal tract, thereby minimizing the toxic effects to livestock and the
carryover of these fungal metabolites into animal products [16] and also lead to impairment of nutrient
utilization. To overcome these issues related to detoxification, in recent years, detoxification methods
based on medicinal plants have become attractive because of economic viability and eco-friendly nature.
Several organic extracts and essential oils from medicinal and aromatic plants have proven effective
against mycotoxigenic moulds or mycotoxin biosynthesis. Natural phytochemicals like ethanolic turmeric
extract [17], resveratrol [18] and Urtica dioica seeds [19] and an alkaloid vasicine from Adhatoda vasica
[20] may be an alternative to synthetic chemicals for detoxification of mycotoxin.

Therefore, the hypothesis of this study is that Adhatoda vasica crude leaf powder with numerous
pharmacological properties would mitigate aflatoxicosis in broiler chicken. In this study, we would focus
on in vivo studies to assess zoo technic performance indicators, bone morphometry, serum biochemical
profile, antioxidant status, gross and histopathology of vital organs. This research plays a crucial role in
explaining the mitigating effect of vasicine under two different levels of exposure and exploring the
potential effects of the plant on the health of the birds.

Results

Symptoms associated with aflatoxicosis in birds
From the beginning of the trial, clinical symptoms of the aflatoxicosis broilers were observed. The
observed clinical symptoms included stunted growth of chicks, leg paralysis, weakness and incoordination
and ruffled feathers. The histopathology lesions of the sacrificed birds revealed the enlargement of liver
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and kidney with haematoma in the tissues. The birds of the group 2, 4,5 and 6 on sacrifice revealed normal
appearance of liver and kidney with no pathognomonic lesions.

Effect of plant on growth / zootechnic performance
The effect of addition of Adhatoda vasica crude leaf powder at 0.1% and 0.5% inclusion to the aflatoxin
contaminated basal diet against the toxic effects of aflatoxin on growth performance in broilers fed for 35
days has been shown in Tables 1, 2 and 3 and Figs. 1, 2, 3 and 4. The mean values of the final body weight,
body weight gain and feed intake in the aflatoxin fed group (G3) were significantly (p < 0.05) decreased
than that of the control group (G1). Dietary supplementation of Adhatoda vasica crude leaf powder
lowered the negative effect of aflatoxin on the final body weight, body weight gain and feed intake of
broilers similar to the SLM treated group (G3). As shown in the table, the inclusion of Adhatoda vasica
crude leaf powder in the aflatoxin contaminated diet in was able to mitigate the effect similar to the SLM
treated group with the better effect at the highest level of inclusion. Moreover, the crude leaf powder of the
plant fed as such at 0.5% also did not exhibit any toxic effects in birds.

Table 1
Effect of A. vasica on weekly body weight (g / bird / week, Mean ± S.E) in AFB1 fed broilers (n = 36 with

three replicates)
Group Particulars 0 day

body
weight

1st week 2nd week 3rd week 4th week 5th week

I Basal feed 46.89 ± 
0.02

167.58d 
± 0.83

410.03e 
± 3.86

908.03h 
± 3.62

1421.83j 
± 10.90

1854.86i 
± 36.36

II Basal feed + A.
vasica crude
powder alone @
0.5%

48.36 ± 
0.01

161.44d 
± 0.96

398.43e 
± 2.50

898.44h 
± 6.45

1402.44j 
± 5.38

1844.61i 
± 21.27

III Basal feed + 
AFB1@ 50 µg /
kg

48.02 ± 
0.01

129.72a 
± 0.38

331.47a 
± 11.29

671.53a 
± 11.97

970.61a ± 
8.69

1244.47b 
± 30.15

IV Basal feed + 
AFB1 @ 50 µg /
kg + SLM
@1000 mg / kg

46.59 ± 
0.01

155.75c 
± 1.57

354.48cd 
± 2.42

875.83g 
± 1.75

1239.42f 
± 19.29

1529.14c 
± 25.62

V Basal feed + 
AFB1 @ 50 µg /
kg + A. vasica
crude powder @
0.1%

47.79 ± 
0.02

154.97c 
± 2.62

344.20b 
± 3.64

831.97e 
± 6.14

1331.06i 
± 8.55

1647.61f 
± 8.55

VI Basal feed + 
AFB1 @ 50 µg /
kg + A. vasica
crude powder @
0.5%

47.22 ± 
0.01

144.92b 
± 1.76

352.75c 
± 2.70

844.11f 
± 3.47

1294.31g 
± 13.38

1706.81h 
± 17.90

overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level
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Table 2
Effect of A. vasica on weekly body weight gain (g/bird/week, Mean ± S.E) in AFB1 fed broilers (n = 36 with

three replicates)
Group Particulars 1st week 2nd week 3rd week 4th week 5th week

I Basal feed 120.69e ± 
2.20

242.45d ± 
4.21

498.00f ± 
8.17

513.80j ± 
9.14

433.03g ± 
12.59

II Basal feed + A. vasica
crude powder alone @
0.5%

113.08d 
± 2.28

236.99d ± 
7.18

500.01f ± 
8.50

504.00ij ± 
8.75

442.17g ± 
19.03

III Basal feed + AFB1@ 50
µg / kg

81.70a ± 
2.20

201.75b ± 
6.50

340.06a ± 
6.90

299.08b 
± 5.19

273.86b ± 
13.34

IV Basal feed + AFB1 @ 50
µg / kg + SLM @1000 mg
/ kg

109.16c ± 
2.18

198.73ab 
± 5.55

521.35g 
± 7.13

363.59d 
± 8.62

289.72b ± 
15.53

V Basal feed + AFB1 @ 50
µg / kg + A. vasica crude
powder @ 0.1%

107.18c ± 
2.86

189.23a ± 
5.81

487.77e ± 
9.76

499.09i ± 
9.98

316.56c ± 
17.74

VI Basal feed + AFB1 @ 50
µg / kg + A. vasica crude
powder @ 0.5%

97.70b ± 
2.12

207.83b ± 
7.01

491.36e ± 
8.57

450.20g 
± 9.43

412.50f ± 
14.16

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level
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Table 3
Effect of A. vasica on weekly feed consumption (g/bird/week, Mean ± S.E) and feed conversion efficiency

(FCR) in AFB1 fed broilers (n = 36 with three replicates)
Group Particulars 1st

week
2nd
week

3rd
week

4th
week

5th week Cumulative
feed
consumed

FCR

I Basal feed 174.33b 
± 3.08

345.33f 
± 2.28

540.33e 
± 0.88

854.67e 
± 2.28

1020.03h 
± 1.00

2934.69h ± 
1.88

1.62

II Basal
feed + A.
vasica
crude
powder
alone @
0.5%

168.33b 
± 2.02

332.00d 
± 2.89

537.00e 
± 2.7

850.67e 
± 1.37

1017.67h 
± 1.98

2905.67h ± 
1.22

1.62

III Basal
feed + 
AFB1@ 50
µg / kg

162.33a 
± 2.33

316.67c 
± 2.94

464.67a 
± 1.88

735.67a 
± 2.99

967.67d 
± 1.34

2647.01b 
± 0.98

2.21

IV Basal
feed + 
AFB1 @
50 µg / kg 
+ SLM
@1000
mg / kg

169.00b 
± 1.24

319.46c 
± 2.60

474.24b 
± 1.56

737.04a 
± 1.49

968.00d 
± 2.04

2667.74c ± 
1.27

1.80

V Basal
feed + 
AFB1 @
50 µg / kg
+ A.
vasica
crude
powder @
0.1%

171.00b 
± 3.62

320.67c 
± 2.45

496.78c 
± 2.18

797.00d 
± 1.44

980.00f 
± 1.93

2765.45f ± 
2.17

1.73

VI Basal
feed + 
AFB1 @
50 µg / kg
+ A.
vasica
crude
powder @
0.5%

163.67a 
± 2.89

320.33ab

± 1.94
485.33b 
± 2.18

795.33d 
± 1.81

976.67e 
± 1.94

2741.33e ± 
2.43

1.65

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level

Feed Conversion Ratio (FCR) was calculated for all the groups at the end of the fifth week. Maximum FCR
was noticed in AFB1 fed group. However, treatment with SLM and A. vasica was able to improve the feed
conversion efficiency. It was better with A. vasica at 0.5 per cent for AFB1 contaminated group.
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Effect of the plant on Bone morphometric characteristics
The effect of addition of Adhatoda vasica crude leaf powder at 0.1% and 0.5% inclusion to the aflatoxin
contaminated basal diet against the toxic effects of aflatoxin on bone morphometric characters in broilers
fed for 35 days has been shown in Tables 4,5,6 and 7 and Figs. 5,6,7 and 8. The toxin was influencing the
growth of bones as evidenced by measurement of weight, height and diameter which was significantly (p < 
0.05) reduced in the aflatoxin fed group (G3). As given in the table, A. vasica treated group was found to be
similar to the SLM treated group as noticed by significant (p < 0.05) improvement in the bone
morphometric characters.

Table 4
Effect of A. vasica on shank height (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars Shank height (cm)

I Basal feed 7.48e ± 0.07

II Basal feed + A. vasica crude powder alone @ 0.5% 7.24de ± 0.08

III Basal feed + AFB1@ 50 µg / kg 6.24a ± 0.09

IV Basal feed + AFB1 @ 50 µg / kg + SLM @1000 mg / kg 6.97bc ± 0.12

V Basal feed + AFB1 @ 50 µg / kg + A. vasica crude powder @ 0.1% 7.19cde ± 0.11

VI Basal feed + AFB1 @ 50 µg / kg + A. vasica crude powder @ 0.5% 7.08bcd ± 0.13

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level
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Table 5
Effect of A. vasica on bone weight (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars Femur (g) Tibiotarsus
(g)

Tarsometatarsus
(g)

I Basal feed 5.75e ± 
0.45

12.75e ± 1.19 6.25bcd ± 0.59

II Basal feed + A. vasica crude powder
alone @ 0.5%

5.50de ± 
0.33

12.00e ±
0.53

6.38d ± 0.18

III Basal feed + AFB1@ 50 µg / kg 4.00abc ± 
0.00

6.00a ± 0.38 5.00ab ± 0.38

IV Basal feed + AFB1 @ 50 µg / kg + SLM
@1000 mg / kg

5.25de ± 
0.37

7.75abc ± 
0.59

6.25bcd ± 0.25

V Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.1%

4.75bcde ± 
0.37

7.50abc ± 
0.33

5.25ab ± 0.37

VI Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.5%

5.50de ± 
0.50

8.50bc ± 0.50 6.13bc ± 0.30

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level

Table 6
Effect of A. vasica on bone height (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars Femur
(cm)

Tibiotarsus
(cm)

Tarsometatarsus
(cm)

I Basal feed 6.00c ± 
0.00

8.00 ± 0.0 6.00e ± 0.00

II Basal feed + A. vasica crude powder
alone @ 0.5%

6.00c ± 
0.00

8.00 ± 0.0 6.00e ± 0.00

III Basal feed + AFB1@ 50 µg / kg 5.75b ± 
0.16

8.00 ± 0.0 5.00b ± 0.00

IV Basal feed + AFB1 @ 50 µg / kg + SLM
@1000 mg / kg

6.00c ± 
0.00

8.00 ± 0.0 6.00e ± 0.00

V Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.1%

6.00c ± 
0.00

8.00 ± 0.0 6.00e ± 0.00

VI Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.5%

6.00c ± 
0.00

8.00 ± 0.0 6.00e ± 0.00

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level
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Table 7
Effect of A. vasica on bone diameter (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars Femur
(cm)

Tibiotarsus
(cm)

Tarsometatarsus
(cm)

I Basal feed 1.00b ± 
0.00

0.72e ± 0.00 0.69d ± 0.00

II Basal feed + A. vasica crude powder
alone @ 0.5%

1.00b ± 
0.00

0.71cde ± 0.00 0.68cd ± 0.00

III Basal feed + AFB1@ 50 µg / kg 0.98a ± 
0.02

0.60a ± 0.04 0.53a ± 0.13

IV Basal feed + AFB1 @ 50 µg / kg + SLM
@1000 mg / kg

1.00b ± 
0.00

0.69c ± 0.00 0.66c ± 0.00

V Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.1%

1.00b ± 
0.00

0.69c ± 0.00 0.69d ± 0.00

VI Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.5%

1.00b ± 
0.00

0.71cde ± 0.00 0.68cd ± 0.00

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level

3.2.3 Effect of vasicine on serum biochemical profile

The effect of the crude leaf powder supplementation of Adhatoda vasica to the aflatoxin contaminated
basal diet against the toxic effects of aflatoxin on serum biochemical parameters has been shown in the
Tables 8, 9, 10, 11 and 12 and Figs. 9, 10, 11, 12 and 13. A. vasica treatment significantly (p < 0.05) reduced
the serum biochemical enzymes and increased the antioxidant enzymes. The results indicate a reduction
in severity of lesions associated with aflatoxicosis similar to the SLM treatment group.
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Table 8
Effect of A. vasica on serum total protein, albumin, globulin, albumin and globulin ratio (Mean ± S.E) in

AFB1 fed broilers (n = 8)
Group Particulars Total

protein

(g / dl)

Albumin

(g / dl)

Globulin

(g / dl)

A:G ratio

I Basal feed 3.63h ± 
0.18

2.05ab ± 
0.16

1.58d ±
0.18

1.30a ± 
0.20

II Basal feed + A. vasica crude powder
alone @ 0.5%

3.38g ±
0.18

2.00ad ± 
0.0

1.38d ±
0.16

1.45a ± 
0.20

III Basal feed + AFB1@ 50 µg / kg 2.25ab ± 
0.25

2.20ab ± 
0.16

0.25a ±
0.13

8.00i ± 
0.18

IV Basal feed + AFB1 @ 50 µg / kg + SLM
@1000 mg / kg

2.60c ± 
0.13

2.05ab ±
0.18

0.55ab ±
0.19

3.73g ± 
0.25

V Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.1%

3.00d ± 
0.18

2.29abc ±
0.13

0.71abc ±
0.23

3.23e ±
0.20

VI Basal feed + AFB1 @ 50 µg / kg + A.
vasica crude powder @ 0.5%

3.62h ± 
0.18

2.63bcd ±
0.20

0.99d ±
0.25

2.66c ± 
0.20

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level

Table 9
Effect of A. vasica on serum ALT, AST and GGT (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars ALT (SGPT)

(Units / L)

AST (SGOT)

(Units / L)

GGT

(Units / L)

I Basal feed 39.88bcd ± 
3.03

152.25a ± 
13.99

9.63a ± 0.53

II Basal feed + A. vasica crude powder alone
@ 0.5%

45.38d ± 3.42 164.38a ± 
6.32

11.88ab ± 
1.89

III Basal feed + AFB1@ 50 µg / kg 106.50e ± 
4.17

337.60c ± 
10.06

27.63d ± 1.25

IV Basal feed + AFB1 @ 50 µg / kg + SLM
@1000 mg / kg

37.88abcd ± 
2.00

205.38b ± 
18.42

17.25abcd ± 
1.40

V Basal feed + AFB1 @ 50 µg / kg + A. vasica
crude powder @ 0.1%

33.25abc ± 
2.18

257.59b ± 
13.62

16.38abcd ± 
1.89

VI Basal feed + AFB1 @ 50 µg / kg + A. vasica
crude powder @ 0.5%

33.75abc ± 
2.72

224.58b ± 
16.59

13.00abc ± 
1.82

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level
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Table 10
Effect of A. vasica on serum ALP and LDH (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars ALP

(Units / L)

LDH

(Units / L)

I Basal feed 3120.00a ± 380.40 1264.50a ± 
92.57

II Basal feed + A. vasica crude powder alone @ 0.5% 3271.25a ± 296.41 1580.00a ±
94.33

III Basal feed + AFB1@ 50 µg / kg 14192.50d ±
1170.20

5381.25d ±
92.77

IV Basal feed + AFB1 @ 50 µg / kg + SLM @1000 mg /
kg

3774.91a ± 
1334.63

2351.25bc ±
96.31

V Basal feed + AFB1 @ 50 µg / kg + A. vasica crude
powder @ 0.1%

6598.75bc ± 
913.79

2820.00bc ±
55.57

VI Basal feed + AFB1 @ 50 µg / kg + A. vasica crude
powder @ 0.5%

4101.25ab ±
987.78

2433.88bc ± 
10.03

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level

Table 11
Effect of A. vasica on serum uric acid and creatinine (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars Uric acid (mg /
dl)

Creatinine (mg /
dl)

I Basal feed 6.50a ± 0.20 0.43a ± 0.02

II Basal feed + A. vasica crude powder alone @ 0.5% 6.60a ± 0.19 0.42a ± 0.01

III Basal feed + AFB1@ 50 µg / kg 16.56e ± 0.33 0.71ef ± 0.01

IV Basal feed + AFB1 @ 50 µg / kg + SLM @1000 mg /
kg

11.43b ± 0.26 0.49b ± 0.02

V Basal feed + AFB1 @ 50 µg / kg + A. vasica crude
powder @ 0.1%

12.22c ± 0.35 0.48b ± 0.03

VI Basal feed + AFB1 @ 50 µg / kg + A. vasica crude
powder @ 0.5%

12.56c ± 0.29 0.55c ± 0.03

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level
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Table 12
Effect of A. vasica on serum antioxidant profile (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars Superoxide
dismutase

(mg / g of
protein)

Glutathione peroxidase
(mg / g of protein)

Catalase

(mg / g of
protein)

I Basal feed 37.82f ± 1.34 105.41e ± 1.55 11.32e ± 
0.50

II Basal feed + A. vasica crude
powder alone @ 0.5%

36.51f ± 3.26 103.88e ± 1.00 12.22e ± 
0.71

III Basal feed + AFB1@ 50 µg / kg 20.45b ± 3.34 67.97b ± 0.47 6.61b ± 0.65

IV Basal feed + AFB1 @ 50 µg / kg 
+ SLM @1000 mg / kg

28.04cde ± 1.91 86.10d ± 2.35 7.54bc ± 
0.09

V Basal feed + AFB1 @ 50 µg / kg
+ A. vasica crude powder @
0.1%

23.95bc ± 0.70 78.40c ± 1.61 7.62bc ± 
0.56

VI Basal feed + AFB1 @ 50 µg / kg
+ A. vasica crude powder @
0.5%

26.82cd ± 0.85 82.84cd ± 1.50 8.12cd ± 
0.38

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level

3.2.4 Effect of vasicine on Hepatotoxicity and Nephrotoxicity
The mean weight of the organs among the groups are presented in Table 13 and Fig. 14.
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Table 13
Effect of A. vasica on relative organ weight (Mean ± S.E) in AFB1 fed broilers (n = 8)

Group Particulars Liver with gall bladder (g /
100 g)

Kidney

(g / 100
g)

I Basal feed 9.70a ± 0.25 1.74a ± 
0.15

II Basal feed + A. vasica crude powder alone @ 0.5% 9.76a ± 0.36 1.74a ± 
0.17

III Basal feed + AFB1@ 50 µg / kg 20.09d ± 0.51 1.91c ± 
0.16

IV Basal feed + AFB1 @ 50 µg / kg + SLM @1000 mg
/ kg

11.77b ± 0.25 1.84b ± 
0.17

V Basal feed + AFB1 @ 50 µg / kg + A. vasica crude
powder @ 0.1%

11.53b ± 0.07 1.86b ± 
0.18

VI Basal feed + AFB1 @ 50 µg / kg + A. vasica crude
powder @ 0.5%

13.48c ± 0.07 1.84b ± 
0.15

Overall mean bearing different superscripts between rows differ significantly at 5% (p < 0.05) level

Liver form the aflatoxin treated group was enlarged, pale or yellow, soft and friable whereas, these changes
were mitigated in the A. vasica treated group similar to the basal feed group and SLM treated group.
Histopathological examination revealed revealed varying degrees of changes in the hepatocytes like fatty
degeneration, pyknosis and karyorrhexis of nucleus, sinusoidal congestion, necrosis of cells around the
portal triad, microvesicle formation, kupffer cell proliferation and glandular transformation in the toxin fed
group and these changes were mitigated in the A. vasica treated group similar to the basal feed group and
SLM treated group. The kidneys were enlarged slightly with histopathological evidences of revealed varying
degrees of changes like degeneration and desquamation of the tubular epithelial cells, marked intertubular
congestion, infiltration of inflammatory cells in the inter tubular area, necrosis and thickening of the
basement membrane of the glomeruli in the toxin fed group and these changes were mitigated in the A.
vasica treated group similar to the basal feed group and SLM treated group.

Histopathological examination
The effect of crude leaf powder of A. vasica on gross and histopathology has been presented in Figs. 15,
16, 17 and 18. Liver in the control and the A. vasica and SLM treated group was normal and in toxin
induced group, it was enlarged, pale or yellow, soft and friable. Also the toxin induced group revealed
varying degrees of changes in the hepatocytes like fatty degeneration, pyknosis and karyorrhexis of
nucleus, sinusoidal congestion, necrosis of cells around the portal triad, microvesicle formation, kupffer
cell proliferation and glandular transformation and these changes were mitigated in the vasicine treated
group with the maximum effect at 0.5% similar to SLM treated group.
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Discussion
Mycotoxins are the secondary metabolites produced by various toxigenic fungi belonging to three genera
viz., Aspergillus, Fusarium and Penicillium sp. Because of the ubiquitous occurrence, heat stability and
lipophilic nature of these metabolites, the toxic syndromes are termed as mycotoxicoses which are
frequently encountered in animals and poultry consuming toxin contaminated feeds. To overcome the
toxic effects of these fungal metabolites, various in vivo and in vitro strategies have been tried to
ameliorate / detoxify / remove the toxins from the feed and raw materials used in birds. In recent days,
herbs are being used in many studies to mitigate the toxic effect of mycotoxins.

On subjecting the A. vasica crude leaf powder to in vivo studies, the reduction in body weights in broiler
birds due to dietary concentration of 50 µg / kg of AFB1 was found to be 32.91% in absolute terms. The
results are in agreement with the findings of previous reports. Presence of AFB1 in feed in poultry caused a
poor growth rate [21] and significantly reduced the body weight or body weight gain [22–24]. In this study,
supplementation of the leaf powder of A. vasica was able to improve the body weight by 21.73% at 0.1 per
cent level and 24.93% at 0.5 per cent level in AFB1 fed group which were numerically higher than the
improvement (15.35%) shown by SLM treated group. Thus A. vasica was able to produce better
improvement in weight gain.

With reference to the feed consumption, AFB1 at the concentration of 50 µg / kg reduced the feed
consumption by 9.80% thereby reducing the efficiency and impairing the production performance in birds
and increasing the cost of production which may certainly be an economic impact imposed on the
farmers. Decreased feed consumption was reported in birds with AFB1 [25] present in the diet of broiler
chicks. Significant reductions in feed efficiency at varying levels of dietary AF have also been reported [26–
29] on supplementation. In broilers the adverse effect of AFB1 on feed conversion ratio at the end of first
week was negligible, second week was medium and third to six weeks was very large [30]. The results of
our study are in accordance with the above findings. Hence, it can be stated that AFB1 at dietary
concentrations of 50 µg / kg either caused significant depressions in feed intake and feed conversion
efficiency which were the results of the lowered body weight gain observed in this study.

Research works done on a few mitigating natural plant supplements are available. curcuminoids caused a
significant improvement in feed efficiency in toxin fed birds [31]. In this study, the feed consumption in the
birds treated with the leaf powder of A. vasica at the concentration of 0.1 and 0.5 per cent had been found
to improve feed consumption by 4.04% and 3.21% in AFB1 fed group whereas it was observed to be very
low in SLM treated group (0.71%). As far as feed conversion efficiency was concerned, 36.42%, 35.80% and
41.36% reduction was noticed in AFB1. A. vasica supplementation in the groups of AFB1 showed 29.63%
and 34.57% improvement in FCR at 0.1 per cent and 0.5 percent level of inclusion respectively, which were
far higher than the value of improvement of 25.31% recorded by SLM treated group. Thus the results
suggest the potential use of the plant [32] for the purpose of improving the performance of broiler birds
impacted by the presence of AFB1 in the feed.
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In this study, femur weight was found to reduce to an extent of 30.43%, tibiotarsus weight was reduced to
the extent of 52.94% and tarsometatarsus weight was reduced to the extent of 20.00% in toxin fed group.
As per the earlier reports, young chicken fed with graded levels of AF and OT affected the material
properties of bone like breaking strength, displacement and diameter [33]. Reduction in serum Ca and P
concentrations upon AF exposure [34–36], interfered vitamin D metabolism are the reasons suggested for
the adverse effects of AFB1 on bone integrity like reduced bone strength and leg weakness in broilers [21].
In ducks also, AF caused deformity in bone structures [37].

In our study, treatment with A. vasica crude leaf powder at 0.5 per cent level was found to overcome
deformity in femur weight by 26.09% in toxin fed group almost comparable to 21.74% improvements by
SLM supplementation. Femur height was also increased by 4.17%. As far as tibiotarsus weight is
concerned, treatment with A. vasica crude leaf powder at 0.5 per cent level was found to improve by
19.61%, almost comparable to the 13.73% in SLM treated group. With regard to the tarsometatarsus
weight, treatment with A. vasica crude leaf powder at 0.5 per cent level was found to overcome the
deformity by 18.08% and numerically higher than the 20.00% of SLM group. Tarsometatarsus height was
increased by 16.67% comparable to the 16.67% in SLM group. On treatment with A. vasica at the
concentration of 0.1 and 0.5 per cent, the deformity in bones were found to be reduced with better effect at
the highest level of inclusion thereby suggesting the use of the plant for the purpose.

In the present study, there was reduction of serum proteins, albumin and globulin in the toxin fed group.
Serum proteins level is considered to be the most sensitive indicator of aflatoxicosis, with different classes
of proteins being affected differently. The marked sensitivity of serum protein levels reflects the principal
mechanism of AF toxicity, wherein the AF was reported to bind to DNA and caused disruption to
transcription [38]. Chicks given AFB1 alone showed a significant decrease in the levels of serum total
proteins from day 14 onwards [22]. Thus, the results of our findings are supportive of the above
discussions. It can be stated that AFB1 at dietary concentrations of 50 µg / kg inhibited protein synthesis
and thereby reduced the levels of albumin and globulin and altered the albumin globulin ratio in the
circulating blood. Hence, AFB1 is a potential inhibitor of protein synthesis leading to impaired performance
which may be attributed to the immune suppression that might occur owing to protein depletion. Thus the
weakened immune system might have led to the growth of secondary bacteria ultimately affecting the
growth performance in birds. The enzymes are found to be elevated in the serum of AFB1 fed group. ALT is
liver specific enzyme, whereas AST derived from most organs such as heart, skeletal muscles, kidney,
brain, pancreas, lungs, leukocytes and erythrocytes other than liver. AFB1 generally increased the activity of
AST, ALT, ALP, LDH and GGT [39]. Increased levels of serum creatinine [40] and subsequent accumulation
of uric acid [21] has been linked to damages in kidney tissues [41] and decreased the activity of SOD,
catalase and GPx enzymes. AF [42].

A. vasica supplementation reversed serum protein level partially by 37.74% numerically higher than 9.64%
of SLM treated. Feeding of the leaf powder of A. vasica at the concentration of 0.1 and 0.5 per cent was
able to reduce the degenerative changes and protect the cell integrity of liver and kidney and thereby
reducing the enzyme leakage from the cell especially at the highest level of inclusion. Few studies
conducted with plant sources was interesting to observe that supplementation of curcuminoids [35],
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resveratrol [18], the active principle curcumin [43–45] and A. vasica to the AFB1 diet significantly improved
the serum values of total protein, album [32] in and globulin by reducing the detrimental adduct formation
and also reduced the liver and kidney injury in toxin induced study and protected the antioxidant system
and enzyme levels. A. vasica at the concentration of 0.1 and 0.5 per cent was able to reduce the
degenerative changes and protect the cell integrity and can be recommended to use A. vasica in birds to
mitigate aflatoxicosis.

In this study, there was a marked increase in the relative weight of liver with enlargement, paleness and
friable. Lethal aflatoxicosis caused yellow colouration of liver due to congestion or fat accumulation and
similar gross changes in liver [46–48] and histopathological changes [49–50] were recorded in birds
induced with mycotoxins. Also, kidney was found to be enlarged [51 &21] with varying degrees of
degeneration in toxin fed broilers.

A. vasica treated groups showed significant mitigating effects of AFB1 with reduction in relative organ
weight of liver and kidney in birds and offered hepato-renal protection as reported on supplementation of
curcumin, resveratrol [52] and Silybum marianum [47] .Thus A. vasica had produced substantial reversal of
organ toxicity.

The better binding of the alkaloid vasicine present in the plant Adhatoda vasica to the aflatoxin B1 as
revealed by docking studies [20] also strongly suggest that the toxin mitigating potential of the plant.

Thus, inclusion of A. vasica in the feed at the rate of 0.1 per cent and 0.5 per cent resulted in better body
weight gain and improved the feed conversion efficiency and ameliorated the toxic effects produced in liver
and kidney. Hence, it may be recommended to farmers to include A. vasica leaf powder in feed at 0.1 per
cent level for economic reasons so as to achieve better results in terms of production performance and on
other biochemical and antioxidant profiles and to mitigate the overall toxic effects produced by aflatoxin in
birds.

Conclusion
Feeding of A. vasica crude powder as such to the birds at 0.5% level was found to be safe with no toxicity
of the major organs involved. The toxin mitigating potential of the plant was evident through their
antioxidant activity, serum biochemical markers, through their effect on the zoo technic performance
indicators and also through the gross and histopathology. The principal alkaloid vasicine in the leaf of the
plant could be the possible mediator for their potent toxin mitigating activity since their binding efficiency
was proved by in silico docking studies with promising dock score and their pharmacological activity like
antioxidant, antidepressant, anticancer effect has been proved.

Methods

Reagents and Chemicals
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All the solvents and reagents of analytical grade were purchased from M/s. Sigma Aldrich Chemicals India
Pvt. Ltd., and used without further purification. Water purified by millipore purified system was used for the
entire analysis. Reference standards of AFB1 were supplied as gratis by the Animal Feed Analytical and
Quality Assurance Laboratory (AFAQAL), Veterinary College and Research Institute, Namakkal.

In vivo experimental design

Day old broiler straight run chicks (Vencobb strain) obtained from a commercial hatchery in Namakkal was
used for the experimental study. The trial was conducted after obtaining approval from the Institutional
Animal Ethical Committee (IAEC) with the approval No: IAEC / 10 / VCRI - NKL / 2019.

AFB1 was produced using the pure culture of Aspergillus parasiticus MTCC No. 2797. on rice as per the
method of [53] and estimated as per the in house method of AFAQAL (modified method of [54] for
estimation of AF) at Animal Feed Analytical and Quality Assurance Laboratory, Veterinary College and
Research Institute, Namakkal. The powdered substrate containing toxin was mixed in the broiler feed to
arrive at a final concentration of 50 µg of AFB1 for every kg of feed (µg / kg) and analyzed for confirmation
before initiation of the feeding trial.

Plant material used

A. vasica leaves were collected from the herbal garden of the Department of Veterinary Pharmacology and
Toxicology, Veterinary College and Research Institute, Namakkal, shade dried, powdered and stored until
further use. The crude powder of A. vasica was mixed in the feed at 0.1% and 0.5% and fed to the
respective groups.

Reference drug used

SLM (Trade name: Silybon) tablets, composed of 140 mg each of the active principle were purchased from
M/s. Microlabs India Ltd., Bengaluru, Karnataka and were used for the study. SLM tablets were ground
using a mechanical blender to fine powder and was included in the feed at the dose rate of 1000 mg / kg of
feed.

Experimental design
The day old broiler chicks on arrival were weighed and tagged with wing band for identification. They were
randomly distributed in to fourteen different treatment groups (three replicates of 36 chicks per dietary
treatment) as shown below.

EXPERIMENTAL DESIGN

n = 36 (Each treatment with 3 replicates)
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Group Treatment   Particulars

I T1 : Basal feed

II T2 : Basal feed + A. vasica crude powder alone @ 0.5 mg/kg of feed

III T3 : Basal feed + AFB1 @ 50 µg / kg alone

IV T4 : Basal feed + AFB1 @ 50 µg / kg + SLM @1000 mg / kg

V T5 : Basal feed + AFB1 @ 50 µg / kg + A. vasica crude powder @ 0.1 mg/kg of
feed

VI T6 : Basal feed + AFB1 @ 50 µg / kg + A. vasica crude powder @ 0.5 mg/kg of
feed

All the birds were reared in deep litter system under standard and uniform managemental conditions.
Vaccination was followed as per the standard schedule.

Assessment of zootechnic performance, bone morphometry,
biochemical and antioxidant profile
The body weight, weight gain, feed consumption and feed conversion efficiency was calculated at weekly
intervals. The shank height and the weight, height and diameter of the bones were measured [55]. The
serum samples were analyzed for total protein, albumin, globulin, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phoshatase (ALP), lactate dehydrogenase (LDH) and gamma-
glutamyl transferase (GGT), uric acid and creatinine using M/s. Daksha Diagnostic Kits in Biosystems 415
Random Assess Auto Analyzer according to the recommendations of the manufacturer at Centralised
Clinical Laboratory, Veterinary College and Research Institute, Namakkal. The activities of the antioxidant
enzymes in the serum viz., Superoxide dismutase (SOD) was estimated by the method of [56], Catalase
(CAT) by the method of [57] and Glutathione peroxidase activity (GPx) as per the method of [58].

Gross and Histopathological examination
Gross lesions and histopathology lesions were recorded in liver and kidney [59].

Statistical analysis
Completely randomized design was followed for the experiments [60] and the data collected on various
parameters were analyzed statistically by one - way ANOVA using SPSS software (Version 20). Post - hoc
analysis was done by Duncan’s significance difference test. Results are expressed as Mean ± SE.
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Tables
Tables 1 to 13 are available in the Supplementary Files section

Figures

Figure 1

Effect of A. vasica on weekly body weight (g/bird/week, MEAN±S.E) in AFB1 fed broilers (n=36 with three
replicates)
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Figure 2

Effect of A. Vasica on weekly body weight gain (g/bird/week, Mean ± S.E) in AFB1 fed broilers (n=36 with
three replicates)
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Figure 3

Effect of A. Vasica on weekly feed consumption (g/bird/week) and feed conversion efficiency (FCR) in
AFB1 fed broilers (n=36 with three replicates)

Figure 4

Effect of A. Vasica on feed conversion efficiency (FCR) in AFB1 fed broilers (n=36 with three replicates)
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Figure 5

Effect of A. Vasica on shank height (cm) (MEAN±S.E) IN AFB1 AND OTA fed broilers (n=8 with three
replicates)
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Figure 6

Effect of A. Vasica on bone weight (g) (Mean ± S.E) in AFB1 fed broilers (n=8 with three replicates)

Figure 7

Effect of A. Vasica on bone height (cm) (Mean ± S.E) in AFB1 fed broilers (n=8 with three replicates)
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Figure 8

Effect of A. Vasica on bone diameter (cm) (Mean ± S.E) in AFB1 fed broilers (n=8 with three replicates)

Figure 9

Effect of A. Vasica on total protein, albumin and globulin (g/dl) (Mean ± S.E) in AFB1 fed broilers (n=8 with
three replicates)
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Figure 10

Effect of A. Vasica on ALT, AST AND GGT (U/L) (Mean ± S.E) in AFB1 fed broilers (n=8 with three replicates)
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Figure 11

Effect of A. Vasica on ALP AND LDH (U/L) (Mean ± S.E) in AFB1 fed broilers (n=8 with three replicates)

Figure 12

Effect of A. Vasica on serum uric acid and creatinine (Mean ± S.E) in AFB1 fed broilers (n=8 with three
replicates)
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Figure 13

Effect of A. Vasica on antioxidant profile (mg/g of protein) (Mean ± S.E) in AFB1 fed broilers (n=8 with
three replicates)



Page 33/35

Figure 14

Effect of A. Vasica on organ weight (g) (Mean ± S.E) in AFB1 fed broilers (n=8 with three replicates)

Figure 15

Effect of A. Vasica on gross pathology of liver in AFB1 fed broilers
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Figure 16

Effect of A. Vasica on gross pathology of kidney in AFB1 fed broilers

Figure 17

Effect of A. Vasica on histo pathology of liver in AFB1 fed broilers

Figure 18
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Effect of A. Vasica on histo pathology of kidney in AFB1 fed broilers
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