Bull. Environ. Contam. Toxicol. (2003) 71:899-904 s Environmental
© 2003 Springer-Verlag New York Inc. !Contaminatlon
DOI: 10.1007/500128-003-8843-8 and Txicology

Effect of Ascorbic Acid on Milk Lead and Cadmium Level
on Subclinical and Clinical Cases of Mastitis

R. Naresh,' S. K. Dwivedi,2 D. Swarup,® R. C. Patra*

1 Laboratory of Environmental Medicine, Division of Medicine, Indian Veterinary
Research Institute, I1zatnagar 243 122, Bareilly, U.P. India

2 National Research Centre for Equines, Sirsa Road, Hissar 124 001, Haryana, India
3 Division of Medicine, Indian Veterinary Research Institute, |zatnagar 243 122,
Bareilly, U.P. India

4 Division of Medicine, Indian Veterinary Research Institute, Izatnagar 243 122,
Bareilly, U.P. India

Received: 28 February 2003/Accepted: 8 July 2003

Mastitis is a global problem in dairy cows because of its high morbidity rate and
adverse effects on quality, quantity and processing properties of milk. The annual
incidence of subclinical and clinical mastitis in India was reported as 43.9 and 6.4
per cent, respectively in dairy cows (Singh and Singh 1994). Mastitis is associated
with compositional changes in milk (Tallomy and Randolph 1970). Significantly
higher concentration of trace minerals viz. zinc, copper and cobalt (Naresh et al.
2001, Banga et al. 1989) and toxic metal such as lead (Naresh et al. 1999) have
been noted in milk of dairy cows affected with mastitis. The increased milk lead
level beyond permissible limit possesses a serious health hazard and has public
health significance (Namihira et al. 1993).

MATERIALS AND METHODS

California mastitis test (CMT) and somatic cell count (SCC) were used to
diagnose subclinical mastitis (Doxey 1983). Mastitis was classified as subclinical
and clinical based on established parameters (Radostits et al. 1994). Thirty-six
cows suffering with mastitis (18 clinical and 18 subclinical) were randomly
selected for the study. Further, the cases of clinical and subclinical mastitis were
divided into two groups. One group of clinical mastitis (n=12) was treated with
ascorbic acid @ 25 mg/kg, subcutaneously for 5 consecutive days along with
antimicrobial intramammary infusion (standard dose) for 3-5 days while the other
group of clinical mastitis (n=6) was treated only with antimicrobial intramammary
infusion (standard dose) for 3-5 days. Animals diagnosed to suffer from clinical
mastitis were treated with antimicrobial therapy on ethical ground. However, one
group of subclinical mastitis (n=12) was treated with ascorbic acid only and other
group (n=6) was not given any treatment. A separate group of healthy lactating
animals were also included in the experiment to serve as untreated control.

Approximately five ml each of milk and blood samples were collected in nitric
acid washed vials (heparinised for blood) before treatment with ascorbic acid and
thereafter on days 6 and 15 of the study and samples were digested (AOAC
1984). Five m! of milk/blood sample was placed in a digestion tube after mixing
with 5 ml of concentrated nitric acid and kept for over night at room temperature.
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Samples were heated with the help of digestion assembly. When the volume
reduced to 1 ml, the double acid mixture (nitric acid 4 parts and perchloric acid 1
part) was added to each digestion tube and further digested till the volume was
reduced to 1 ml and the colour became transparent. Five ml of distilled water was
digested in same way along with each batch of 25 samples to serve as control for
digestion process. The digested samples were diluted with distilled water and final
volume was made to 10 ml. The concentration of lead and cadmium was
estimated in diluted samples by using atomic absorption spectrophotometer (AAS
4129, ECIL, Hyderabad, India) as per the methods laid down in operation manual
of the instrument. Analytical quality was maintained by repeated analysis of
reference samples. Working standards were prepared freshly from stock standards
(Sigma Company, USA) for calibration.

The data were analyzed using student T test (Snedecor and Cocharan 1967).
RESULTS AND DISCUSSION

The lead and cadmium concentrations in milk and blood of ascorbic acid treated
and untreated animals are shown in table 1 and 2. In ascorbic acid treated animals
with clinical mastitis, the milk lead level increased significantly on days 6 and 15.
A significant increase in milk Pb level was also recorded in subclinical mastitis
after treatment with ascorbic acid on days 6 and 15 post treatment. No significant
changes were noticed during the study in excretory pattern of Pb in milk of non
ascorbic acid treated cows irrespective of clinical status of mammary gland. The
milk Cd concentration remained unchanged throughout study.

Table 1. Lead and cadmium (MeantS.E.) levels (ppm) in milk of dairy cows
before and after ascorbic acid treatment

Metal Post Clinical mastitis Subclinical mastitis
treatment - ;
day Non Ascorbic Non Ascorbic
ascorbic | acid treated | ascorbic acid treated
acid acid
treated treated
Lead 0 0.33+0.03 | 0.32+0.04 | 0.35+0.05 0.311+0.03

6 0.28+0.03 | 0.45+0.05** | 0.32£0.03 | 0.48+0.03*"

15 0.2610.05 | 0.51£0.03** | 0.33+0.03 | 0.47+0.12*
Cadmium 0 0.12+£0.01 | 0.15+£0.01 | 0.11+0.02 { 0.1310.01
6 0.14+0.02 | 0.13£0.01 | 0.14+0.01 0.1310.01

15 0.1330.01 | 0.14+0.01 | 0.15+0.02 | 0.1210.01

* Significantly (P<0.05) different from day 0
a Values differ significantly (P<0.05) ascorbic acid treated and untreated controls
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Blood Pb and Cd concentration is presented in table 2. There was no significant
alteration in blood Pb concentration in ascorbic acid treated animals with clinical
mastitis. While blood lead level was significantly (P<0.05) low in clinical mastitis
cows after ascorbic acid treatment than untreated on day 6. The blood Pb level
was significantly (P<0.05) lower in ascorbic acid treated cows with subclinical
mastitis on day 15. In untreated subclinical mastitic cows the blood Pb level
decreased non-significantly on days 6 and 15 of the study. The blood Cd profile
did not show any change in ascorbic acid treated and untreated cows.

Table 2. Lead and cadmium (MeantS.E.) levels (ppm) in blood of dairy cows
before and after ascorbic acid treatment

Metal Post Clinical mastitis Subclinical mastitis
trea:it;nent Non Ascorbic Non Ascorbic
Y ascorbic | acid treated | ascorbic acid treated
acid acid treated
treated
Lead 0 0.50+0.02 | 0.40+0.06 | 0.6210.05 0.53+0.06
6 0.57+0.08 | 0.37+0.04* | 0.50+0.06 0.40+0.05
15 0.50+0.09 | 0.40+0.05 | 0.50+0.06 | 0.39+0.04*
Cadmium 0 0.08+0.02 | 0.08+0.01 | 0.10+0.01 0.07+0.01
6 0.09+0.02 | 0.08+0.01 | 0.08+0.01 0.08+0.01
15 0.06+0.01 | 0.08+0.01 | 0.09+0.01 0.07+0.01

* Significantly (P<0.05) different from day 0
a Values differ significantly (P<0.05) ascorbic acid treated and untreated controls

The Pb and Cd levels in milk and blood of healthy cows remained totally
unchanged in study period. The milk lead values were 0.23+£0.02, 0.27+0.02 and
0.24+0.05 ppm on days 0, 6 and 15 respectively. The Blood lead values were
0.44+0.03, 0.47+0.04 and 0.39+0.07 ppm on days 0, 6 and 15, respectively. While
the milk and blood cadmium values were like the treated and untreated mastitic
animals.

Ascorbic acid plays an important role in distribution and excretion of trace
minerals and toxic metals (Lewin, 1974). Hughes (1974) reported that ascorbic
acid is a diffusible biological reductant when present in the appropriate
concentration, and contributes to the maintenance of the integrity of SH group of
many proteins. The SH group of proteins is mainly responsible for metal
interactions or bindings. L-ascorbic acid is a strong antioxidant and may extent its
protective effects by chelating the metal or by precipitating free radicals and
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removing them from the system (Tajmir- Riahi 1991). In a human survey, the
serum ascorbic acid concentration was inversely associated with the prevalence of
elevated blood lead concentrations (Houston and Johnson 2000). Our study
revealed that inflammatory udder condition enhanced the excretion of lead in milk
(Naresh et al. 1999) and the present study showed significantly (P<0.05) higher
milk lead concentration after treatment with ascorbic acid. Our findings are in
agreement with Flora and Tandon (1986) who reported that vitamin C alone or in
combination with thiamine hydrchloride was capable of alleviating the inhibition
of delta-aminolevulinic acid dehydratose activity in acute Pb poisoning. Ascorbic
acid also reported to reduce the levels of Pb in blood, liver, and kidney during Pb
exposure in rats. The ascorbic acid acted as detoxifying agent by forming poorly
ionized, but soluble compound with Pb (Pillemer 1940). However, in the present
study, significant reduction in blood lead level was recorded in cows with
subclinical mastitis after treatment with ascorbic acid.

The blood Cd levels remained extremely low even with high dietary Cd and
intravenously injected Cd disappears rapidly from the blood (Miller et al. 1968,
Neathery et al. 1974) and the secretion of Cd in to the bovine milk is very little
(Neathery et al. 1974, Miller et al. 1967, Miller 1973). The mechanism by which
the cow selectively keeps most of the Cd out of milk has not been determined.
However, a large Cd binding protein, isolated from the mammary gland of
lactating rats may have an important role in limiting Cd transfer to milk (Lucis et
al. 1972). However, similar binding proteins have not been identified in the
mammary gland of dairy cows. The low affinity of blood for Cd and restricted
excretion of Cd in milk by mammary gland could be responsible for no alteration
in Cd concentration either in milk or blood. There are sufficient literary evidences
that ascorbic acid affects the Cd accumulation, mobilization and excretion at
higher doses in a longer duration in animals (Hughes 1974, Kapl et al. 1994;
Rothe et al. 1994, Seemuller 1992). However, in present study, the dose rate of
(25 mg/kg) and the duration of 5 days could be too low to influence the Cd
metabolism as compared to earlier reports (Kapl et al. 1994, Rothe et al. 1994).

It is concluded from the present investigation that the ascorbic acid administration
cither alone in cases of subclinical mastitis or in combination with antimicrobial
therapy in clinical mastitis enhanced the milk lead level thus posing higher threat
for human consumption of such milk particularly in areas of lead pollution. Our
findings suggest that milk of ascorbic treated dairy cows for mastitis should not
be used for human consumption if toxic metal profile is already at upper side in
normal milk. Further investigations are warranted urgently to evaluate the
duration of toxic metal mobilization in milk after ascorbic acid treatment in
women and dairy cows.

Acknowledgement. The financial assistance given to the first author by Indian

Council of Agricultural Research (New Detlhi) in the form of Junior Research
Fellowship is thankfully acknowledged.

902



REFERENCES

AOAC (1984) Association of Official Analytical Chemist, Virginia, pp. 444-476

Banga HS, Gupta PP, Singh R (1989) Changes in minerals and electrolytes in
milk and udder tissues during experimental mycoplasmal mastitis in
sheep. Indian J Anim Sci 59: 555-557

Doxey DL (1983) Clinical pathology and diagnostic procedures. IInd edition,
Billiere Tindall Publication, U K

Flora SJS, Tandon SK (1986) Preventive and therapeutic effects of thiamine,
ascorbic acid and their combination in lead intoxication. Acta Pharmacol
Toxicol 58: 374-378

Houston DK, Johnson MA (2000) Does vitamin C intake protect against lead
toxicity? Nutr Rev 58: 73-75

Hughes RE (1974) Nutritional interactions between vitamin C and heavy metals.
Vitamin C. Recent aspect of its physiological and technological
importance. Birch, G. G. and Parker, K. J. (Edition) Applied Science
Publishers Ltd. London, UK

Kapl D, Weiser H, Rambeck, WA (1994) The influence of vitamin C on cadmium
retention in pigs. Rev Med Vet 145: 261-297

Lewin S (1974) Vitamin C: Its molecular biology and medical potential.
Academic Press, London, UK

Lucis OJ, Lucis R, Shaikh ZA (1972) Cadmium and zinc in pregnancy and
lactation. Arch Environ Health 25: 14-16

Miller WJ (1973) Dynamics of absorption rates, endogenous excretion, tissue
turnover, and homeostatic control mechanisms of zinc, cadmium,
manganese, and nicke] in ruminants. Fed Proc 32: 191 5-1920

Miller WJ, Lampp B, Powell GW, Salotti CA and Blackmon DM (1967)
Influence of high level of dietary cadmium on cadmium content in milk,
excretion, and cow performance. J Dairy Sci 50: 1404-1408

Miller WJ, Blackmon DM, Martin YG (1968) 109 Cadmium absorption,
excretion, and tissue distribution following single tracer oral and
intravenous doses in young goats. J Dairy Sci 51: 1836-1840

Namihira D, Saldivar L, Pustilnik N, Carreon GJ, Salinas ME (1993) Lead in
human blood and milk from nursing women living near a smelter in
Mexico City. J Toxicol Environ Health 38: 225-232

Naresh R, Dwivedi SK, Swarup D, Dey S (1999) Lead and cadmium
concentrations in milk and blood of Indian cows with mastitis. Vet Hum
Toxicol 41: 392-393

Naresh R, Dwivedi SK, Dey S, Swarup D (2001). Essential trace minerals in milk
of cows with mastitis. Indian J Anim Sci 71: 43-44

Neathery MW, Miller WJ, Gentry RP, Stake PE, Blackmon DM (1974)
Cadmium-109 and methyl mercury-203 metabolism, tissue distribution,
and secretion into milk of cows. J Dairy Sci 57: 1177-1181

Pillemer LJ, Seifter AO, Ecker, EE (1940) Vitamin C in chronic lead poisoning.
An experimental study. American J Med Sci 200: 322-327

Radostits OM, Blood DC, Gay CC (1994) Veterinary medicine. Bailliere Tindall,
London, UK

903



Rothe S, Gropp J, Weiser H, Ramback WA (1994) Influence of vitamin C and Zn
on copper induced increased cadmium retention in  pig.
Ernahrungswissenchafft 33: 61-67

Seemuller KR (1992) Cadmium binding metallothionein as influenced by
different dietary components in rats and pigs. Thesis, Ludwig-Maximilians
Universitat Munchen, Germany

Singh PJ, Singh KB (1994) A study of economic losses due to mastitis in India.
Indian J Dairy Sci 47: 265-272

Snedecor GW, Cocharan WG (1967) Statistical methods. Sixth edition, Oxford
and IBH Publication, New Delhi

Tajmir-Riahi HA (1991) Coordination chemistry of vitamin C. Part II. Interaction
of L-ascorbic acid with Zn (II), Cd (II) and Mn (II) ions in the solid state
and in aqueous solution. J Inorganic Biochem 42: 47 - 56

Tallomy PT, Randolph HE (1970) Influence of mastitis on properties of milk. V.
Total and free concentration of major minerals in skim milk. J Dairy Sci
53: 1386-1388

904





