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Abstract
The study was performed to evaluate the ex-vivo demineralizing efficacy of a novel chemical solution, combined 

L(+) lactic acid and D-gluconic acid (LAGA), in calcified peripheral arteries of 2 patients who underwent limb 
amputation. Angiography was obtained at baseline and after local installation of the 20 ml of LAGA solution in the 
occluded arteries. A significant dissolution of the calcification with restoration of patency of the occluded arteries was 
noted. LAGA solution is efficacious in demineralizing calcific peripheral arteries. Our study may pave the way for 
potential novel therapeutic strategies to treat patients with calcified peripheral arterial disease.
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Introduction
Peripheral arterial disease (PAD) is highly prevalent in the 

aging population, affecting 9 million Americans and 19% of those 
>70 years of age [1]. PAD is associated with a high 5-year risk of
cardiovascular death, 25-30%, and an additional 20% risk of nonfatal
major cardiovascular events [2]. The risk factors responsible for PAD
are similar to those for coronary artery disease: advanced age, diabetes, 
hypertension, dyslipidemia and tobacco use [3]. The link between
vascular calcification and advancing age has been well illustrated
in the recent Horus mummy’s study of ancient populations [4]. The
economic and social burden of calcific PAD calls for the need of novel
therapeutic interventions to alter the natural course of the disease
process. In non-revascularizable patients with severe limb ischemia,
6-month major amputation rates have been reported to range from
10% to 40% [5]. Hence, the search for alternative effective therapeutic
strategies that may be safe and natural is vital to attenuate the calcific
disease process. The LAGA chemical solution is a combination of L(+)
lactic acid (2-Hydroxypropionic Acid, C3H6O3) and D-gluconic acid
(2,3,4,5,6-Pentahydroxycaproic Acid, C6H12O7) which are known to
have demineralization properties and are naturally present in yogurt
and honey, respectively [6-9]. We have recently shown that this
combination is effective in-vitro in dissolving the calcification deposits
in calcific aortic valves, mitral valves and coronary arteries [10]. The
LAGA chemical solution is available in different concentrations and for 
the purpose of this study we used, the LAGA 15/5 (15% L(+) lactic acid 
and 5% D-gluconic acid based on our in-vitro study [10].

Our study is designed to test the hypothesis that LAGA chemical 
solution may be effective ex-vivo in demineralization of calcific PAD 
with the hope that it may serve as a potential therapeutic strategy in the 
future to improve circulation and may pave the way for future trials to 
reduce the need for limb amputation. 

Methods
The study included 2 patients with severely calcific PAD who 

underwent limb amputation. Patient consent was obtained. These 
patients had angiography of the lower extremities as baseline, obtained 

preoperatively. The limbs specimens were retrieved, and the calcific 
diseased artery was isolated, cannulated proximally and clamped 
distally. A 20 ml of LAGA 15/5 was installed proximally and the artery 
was flushed with saline after a 45 minute period. Subsequently, an 
angiography was obtained and compared to the baseline study. The 
study was approved by the institutional review board of Mayo Clinic.

Results
Impact of LAGA 15/5 

The LAGA 15/5 resulted in a complete restoration of the patency of 
the diseases arteries in both cases studied (Figures 1 and 2). 

Discussion
Cardiovascular calcification is an age-linked active complex 

process where oxidized low-density lipoproteins, T-lymphocyte 
accumulation, autophagic cell death, osteoblast-like differentiation, 
and osteopontin producing macrophages have been shown to play 
major roles [11-13]. Recently, there has also been a paradigm shift 
in the understanding of pathogenesis of calcification from a passive 
atherosclerotic process to an actively regulated one involving activation 
of osteoblast cells and utilizing similar biochemical processes as in 
bone formation [14,15]. Vascular calcification has been emerged as a 
strong and independent risk factor for cardiovascular morbidity and 
mortality [16]. Since calcification is linked to aging and the latter is 
inevitable and irreversible, then a key question arises as to whether 
calcification should follow the same destiny as aging or could we 
alter the natural course of the disease by instituting early innovative 
therapeutic strategies. Our study introduces a novel LAGA chemical 
solution which has been shown to be effective in restoring patency of 
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the disease arteries. We postulate that the chelating effect of LAGA 
with the transformation of calcium deposits to calcium lactate and 
calcium gluconate facilitates the demineralizing process. There has 
been a lot of enthusiasm in designing new therapeutic strategies to 

alleviate the vascular aging-degenerative process, but unfortunately, it 
was met with disappointing results. Cell-based regenerative therapies 
aiming at enhanced neovascularization and improved limb perfusion 
have been proposed as novel treatment strategies [17-19]. Recently, 

Figure 1: Both, anterior tibial and peroneal arteries are completely occluded at baseline and show evidence of patency of both arteries after LAGA administration.

Figure 2: Severe occlusive disease of both, posterior tibial and peroneal arteries at baseline and show evidence of patency of both arteries after LAGA administration.
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the JUVENTAS trial has shown that repetitive intra-arterial infusion 
of autologous bone marrow mononuclear cells into the common 
femoral artery did not reduce major amputation rates in patients with 
severe, non revascularizable limb ischemia in comparison with placebo 
[20]. Ciccone et al. have evaluated the role of interventional therapy 
in diabetics with PAD and have made the observation that a rapid 
diagnosis and early prompt revascularization treatment are essential 
to improve quality of life and survival [21]. Our findings may pave 
the way for further clinical research to determine if LAGA chemical 
solution is effective in delaying the progression of vascular calcification 
and possibly reducing the rate of amputation. 

Limitations
Our study has some limitations. We have a small sample size 

and further research is required to address this limitation. Our study 
introduces a novel concept but it does not address the mechanisms of 
calcification as it is beyond the scope of this study and hence, our study 
is mainly an observational one, though, with significant implications. 

Conclusions
Our study shows that LAGA 15/5 is effective in restoring patency of 

the calcific PAD in these 2 cases. Further clinical research is required to 
verify our findings and determine if the use of LAGA 15/5 would have 
an impact on vascular outcome. 

References

1. Hirsch AT, Criqui MH, Treat-Jacobson D, Regensteiner JG, Creager MA, et
al. (2001) Peripheral arterial disease detection, awareness, and treatment in
primary care. JAMA 286: 1317-1324.

2. Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, et al. (1992) 
Mortality over a period of 10 years in patients with peripheral arterial disease. 
N Engl J Med 326: 381-386.

3. Selvin E, Erlinger TP (2004) Prevalence of and risk factors for peripheral arterial
disease in the United States: results from the National Health and Nutrition
Examination Survey, 1999-2000. Circulation 110: 738-743.

4. Thompson RC, Allam AH, Lombardi GP, Wann LS, Sutherland ML, et al. (2013) 
Atherosclerosis across 4000 years of human history: the Horus study of four
ancient populations. Lancet 381: 1211-1222.

5. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, et al. (2007) Inter-
society consensus for the management of peripheral arterial disease (TASC II). 
J Vasc Surg 45:S5-S67. 

6. Mazzocchetti L, Sandri S, Scandola M, Bergia A, Zuccheri G (2007) Radiopaque
organic-inorganic hybrids based on poly(D,L-lactide). Biomacromolecules 8: 
672-678.

7. Burger C, Chu B (2007) Functional nanofibrous scaffolds for bone 
reconstruction. Colloids Surf B Biointerfaces 56: 134-141.

8. Divya JB, Varsha KK, Nampoothiri KM (2012) Newly isolated lactic acid 
bacteria with probiotic features for potential application in food industry. Applied
Biochemistry & Biotechnology 167:1314-1324. 

9. Ramachandran S, Fontanille P, Pandey A, Larroche C (2006) Gluconic Acid: 
Properties, Applications and Microbial Production. Biotechnol 44:185-195. 

10.	Yamani MH, Nakhleh RE (2013) A Novel Chemical Solution to Demineralize
Valvular and Coronary Calcification: Insight from Yogurt and Honey. J
Cardiovasc Dis Diagn 1:130. 

11. Mohler ER 3rd, Adam LP, McClelland P, Graham L, Hathaway DR (1997) 
Detection of osteopontin in calcified human aortic valves. Arterioscler Thromb
Vasc Biol 17: 547-552.

12.	Rajamannan NM, Subramaniam M, Rickard D, Stock SR, Donovan J, et al. 
(2003) Human aortic valve calcification is associated with an osteoblast
phenotype. Circulation 107: 2181-2184.

13.	Somers P, Knaapen M, Kockx M, van Cauwelaert P, Bortier H, et al. (2006) 
Histological evaluation of autophagic cell death in calcified aortic valve stenosis. 
J Heart Valve Dis 15: 43-47.

14.	Shanahan CM, Cary NR, Metcalfe JC, Weissberg PL (1994) High expression 
of genes for calcification-regulating proteins in human atherosclerotic plaques. 
J Clin Invest 93: 2393-2402.

15.	Dhore CR, Cleutjens JP, Lutgens E, Cleutjens KB, Geusens PP, et al. 
(2001) Differential expression of bone matrix regulatory proteins in human
atherosclerotic plaques. Arterioscler Thromb Vasc Biol 21: 1998-2003.

16.	Chatrou ML, Winckers K, Hackeng TM, Reutelingsperger CP, Schurgers LJ 
(2012) Vascular calcification: the price to pay for anticoagulation therapy with 
vitamin K-antagonists. Blood Rev 26: 155-166.

17.	Tateishi-Yuyama E, Matsubara H, Murohara T, Ikeda U, Shintani S, et al. 
(2002) Therapeutic Angiogenesis using Cell Transplantation (TACT) Study 
Investigators: Therapeutic angiogenesis for patients with limb ischaemia 
by autologous transplantation of bone-marrow cells: a pilot study and a
randomised controlled trial. Lancet 360:427-435. 

18.	Fadini GP, Agostini C, Avogaro A (2010) Autologous stem cell therapy for
peripheral arterial disease meta-analysis and systematic review of the literature. 
Atherosclerosis 209: 10-17.

19.	Teraa M, Sprengers RW, van der Graaf Y, Peters CE, Moll FL, et al. (2013) 
Autologous bone marrow-derived cell therapy in patients with critical limb 
ischemia: a meta-analysis of randomized controlled clinical trials. Ann Surg 
258: 922-929.

20.	Teraa M, Sprengers RW, Schutgens REG, Slaper-Cortenbach ICM, van der
Graaf Y, et al. (2015) Effect of Repetitive Intra-Arterial Infusion of Bone Marrow 
Mononuclear Cells in Patients With No-Option Limb Ischemia: The Randomized, 
Double-Blind, Placebo- Controlled Rejuvenating Endothelial Progenitor
Cells via Transcutaneous Intra-arterial Supplementation (JUVENTAS) Trial. 
Circulation 131:851-860. 

21.	Ciccone MM, Marchese A, Generali A, Loiodice C, Cortese F, et al. (2012) 
Interventional therapy in diabetic foot: risk factors, clinical events and prognosis
at one year follow-up (a study of 103 cases). Pak J Biol Sci 15: 789-794.

http://www.ncbi.nlm.nih.gov/pubmed/11560536
http://www.ncbi.nlm.nih.gov/pubmed/11560536
http://www.ncbi.nlm.nih.gov/pubmed/11560536
http://www.ncbi.nlm.nih.gov/pubmed/1729621
http://www.ncbi.nlm.nih.gov/pubmed/1729621
http://www.ncbi.nlm.nih.gov/pubmed/1729621
http://www.ncbi.nlm.nih.gov/pubmed/15262830
http://www.ncbi.nlm.nih.gov/pubmed/15262830
http://www.ncbi.nlm.nih.gov/pubmed/15262830
http://www.ncbi.nlm.nih.gov/pubmed/23489753
http://www.ncbi.nlm.nih.gov/pubmed/23489753
http://www.ncbi.nlm.nih.gov/pubmed/23489753
http://www.jvascsurg.org/article/S0741-5214(06)02296-8/abstract
http://www.jvascsurg.org/article/S0741-5214(06)02296-8/abstract
http://www.jvascsurg.org/article/S0741-5214(06)02296-8/abstract
http://www.ncbi.nlm.nih.gov/pubmed/17291091
http://www.ncbi.nlm.nih.gov/pubmed/17291091
http://www.ncbi.nlm.nih.gov/pubmed/17291091
http://www.ncbi.nlm.nih.gov/pubmed/17113762
http://www.ncbi.nlm.nih.gov/pubmed/17113762
http://www.ncbi.nlm.nih.gov/pubmed/22350936
http://www.ncbi.nlm.nih.gov/pubmed/22350936
http://www.ncbi.nlm.nih.gov/pubmed/22350936
http://www.esciencecentral.org/journals/a-novel-chemical-solution-to-demineralize-valvular-and-coronary-calcification-insights-from-yogurt-and-honey-2329-9517.1000130.php?aid=20539
http://www.esciencecentral.org/journals/a-novel-chemical-solution-to-demineralize-valvular-and-coronary-calcification-insights-from-yogurt-and-honey-2329-9517.1000130.php?aid=20539
http://www.esciencecentral.org/journals/a-novel-chemical-solution-to-demineralize-valvular-and-coronary-calcification-insights-from-yogurt-and-honey-2329-9517.1000130.php?aid=20539
http://www.ncbi.nlm.nih.gov/pubmed/9102175
http://www.ncbi.nlm.nih.gov/pubmed/9102175
http://www.ncbi.nlm.nih.gov/pubmed/9102175
http://www.ncbi.nlm.nih.gov/pubmed/12719282
http://www.ncbi.nlm.nih.gov/pubmed/12719282
http://www.ncbi.nlm.nih.gov/pubmed/12719282
http://www.ncbi.nlm.nih.gov/pubmed/16480011
http://www.ncbi.nlm.nih.gov/pubmed/16480011
http://www.ncbi.nlm.nih.gov/pubmed/16480011
http://www.ncbi.nlm.nih.gov/pubmed/8200973
http://www.ncbi.nlm.nih.gov/pubmed/8200973
http://www.ncbi.nlm.nih.gov/pubmed/8200973
http://www.ncbi.nlm.nih.gov/pubmed/11742876
http://www.ncbi.nlm.nih.gov/pubmed/11742876
http://www.ncbi.nlm.nih.gov/pubmed/11742876
http://www.ncbi.nlm.nih.gov/pubmed/22520397
http://www.ncbi.nlm.nih.gov/pubmed/22520397
http://www.ncbi.nlm.nih.gov/pubmed/22520397
http://www.ncbi.nlm.nih.gov/pubmed/12241713
http://www.ncbi.nlm.nih.gov/pubmed/12241713
http://www.ncbi.nlm.nih.gov/pubmed/12241713
http://www.ncbi.nlm.nih.gov/pubmed/12241713
http://www.ncbi.nlm.nih.gov/pubmed/12241713
http://www.ncbi.nlm.nih.gov/pubmed/19740466
http://www.ncbi.nlm.nih.gov/pubmed/19740466
http://www.ncbi.nlm.nih.gov/pubmed/19740466
http://www.ncbi.nlm.nih.gov/pubmed/23426345
http://www.ncbi.nlm.nih.gov/pubmed/23426345
http://www.ncbi.nlm.nih.gov/pubmed/23426345
http://www.ncbi.nlm.nih.gov/pubmed/23426345
http://circ.ahajournals.org/content/early/2015/01/07/CIRCULATIONAHA.114.012913.abstract
http://circ.ahajournals.org/content/early/2015/01/07/CIRCULATIONAHA.114.012913.abstract
http://circ.ahajournals.org/content/early/2015/01/07/CIRCULATIONAHA.114.012913.abstract
http://circ.ahajournals.org/content/early/2015/01/07/CIRCULATIONAHA.114.012913.abstract
http://circ.ahajournals.org/content/early/2015/01/07/CIRCULATIONAHA.114.012913.abstract
http://circ.ahajournals.org/content/early/2015/01/07/CIRCULATIONAHA.114.012913.abstract
http://www.ncbi.nlm.nih.gov/pubmed/24175420
http://www.ncbi.nlm.nih.gov/pubmed/24175420
http://www.ncbi.nlm.nih.gov/pubmed/24175420

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction 
	Methods 
	Results 
	Impact of LAGA 15/5  

	Discussion 
	Limitations 
	Conclusions 
	Figure 1
	Figure 2
	References



