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Abstract

Chronic inflammatory diseases like diabetes are on a rise in the Western
world. Based on the tsunami of new cases every year, new therapeutic measures
must be considered. A promising avenue might involve the attenuation of
underlying inflammation through natural health products (NHPs). This 1is
because most NHPs have a rich history in traditional medicine and might be
considered safer under appropriate doses and conditions. However, the biggest
impediment in NHP research is that rarely do these products come with verified
health benefits or dosing schedules established through modern scientific
research.
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Fulvic acid (FvA), one such NHP, comes from humic substances produced by
microorganisms in soil. Traditional medicine and modern research claim FvA
can modulate the immune system, influence the oxidative state of cells, and
improve gastrointestinal function; all of which are hallmarks of diabetes.
This minireview outlines the available peer-reviewed research on FvA and
examines 1its anecdotal health c¢laims. We show that although available
research has been minimal, there 1is substantial evidence to pursue FvA
research in preventing chronic inflammatory diseases, including diabetes.

ZOVAREE (FvA) X, tHEFOMAEYWRAERT I2EMEDE» LIELNLD NHP © — D5 T
HDH IEMEZLCHEHMRIIE TIE., 7V REBITHRERZOFE .M ORI EE~0D B
BHBEOLERLE, MRFBOKFMORERZELET 2SR TS, 20O =1V
2 — T, FVAICBEAT A2 2l L., ToBEICHTH2HFEN R EEICHO W TR
T5, HTxix. AIATERHETITDL TN THLLIN., WRIEZ G EBMEREMEKREZT
i3 272D FvVAMFREZEBRT 2ERENRIELNDHFEST D Z & E2RT,

1. Introduction
VAR =T - IV

Diseases associated with chronic inflammation such as diabetes,
cardiovascular disease, and colitis have been increasing. For example, the
number of people living with diabetes in Canada in 2015 was 3.4 million and
is predicted to reach 5 million by 2025 [1]. Millions of dollars have been
poured into the development of drugs to treat these diseases with little
success [2]. Thus, it is time to explore new avenues 1in treating and
preventing chronic inflammatory diseases. Natural health products (NHPs) may
provide a promising route in this quest for alternatives. First, they require
little to no development, and second, they are often accompanied by a history
rich in traditional medicine [3]. Fulvic acid (FvA) is a publically available
NHP that combines those two facts and may provide promising outcomes for
chronic inflammatory diseases.

BERG . DI ERE, RBR2ECEERECHETZHRBIIEND —@&E2Z Lo T
H. Bl 21X, 2016 FF DI F XICB T HHERFEBEEIIT 340 T A TH Y . 2025 2 1E
500 HANWCET DI ETH IR TWD[1], 2RO DOKRBERET D70 KA OB R
WIEME A RALETAENLTWVDIN, FEAERIL TR W[2], LN -o T,
BHERIEMKEBEOREL THICRBT2FH - 2EZ2BERBT2BHICK TV D, KARMEEE
A (NHPs) 1Z., 2o EBEHROBERICBWTHLE R L — N2 BT 52N TX 50
b, B2, ThhoBIFEALHEEZYLELET, 12, LELEEBEKE
FOENRBEREFE S TWDH 3], ZAKRE (FvA) X, 2hvb 2 o0 FEE2MAEAED
T RICAFTAREZZNIP THY BHEREEFEBRICHFLTCAEERERZ2 L2630
EERXD D,

FvA is a subclass of diverse compounds known as humic substances, which are
by-products of organic degradation from microorganisms [4]. What separates
FvA from other humic substances (HS) is a set of physical and chemical
properties shown in Figure 1(a), indicated by Stevenson [5] and followed by
the International Humic Substance Society (IHSS; St. Paul, Minnesota, USA)
[4, 6]. By definition, FvAs consist in small molecular weight, hydrophilic,
carboxylic—-containing molecules.

FvA X, MAHICL 258 O MOREY THLIEMEME L L CHMbNDZERILA
WMoYy 7772 (—F) THoH4], FvA Lo EHME (HS) 2 X3P+ 58 01, K
1(a) IR T —HOYWHEHNWBLW®LFERNEM.E TH Y ., Stevenson [65]I2 X » TR I L,
EBEEEDEHS (IHSS; kE I XY XM FAR—) [4, 6] TX-oTHEHEBZSH
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I TW3D,
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The other HS have higher molecular weight and different solubility and oxygen
content. The structure of FvA has been proposed by many authors to be a
mixture of covalently linked phenolic, quinoid, and benzene carboxylic acid
compounds [6]. It is important to note that FvA can change with geographic
location. The parent material from which FvA originates influences oxygen,
nitrogen, aromatic ring, and carbon content [7]. For example, in Israel, FvA
isolated from clay contains ~2.0% (m/m) nitrogen, and FvA isolated from sand
contains ~4.4% (m/m) nitrogen [7]. In addition, FvA isolated from Israel has
“49% (m/m) carbon whereas FvA from Italy has ~39% carbon content [7]. Health
Canada indicates that FvA is consistent with the structure shown in Figure

1(b) [8].

DO HS T T EDRKREL | AMESCBESHFEN R D, FVAOHEEIZ, 2 0DEH
K;of\7:/—w\#/4F\AV?/%»T/%MQ%ﬁﬁﬁ%%Lk@%
THHIENRBEINTWAHI6], FvA IZHEMHARBTICE > TEIT 2 AT HEENH

CICHEBETDIEDNEETCHDL FWVAOERE 28 MIZ. BE, EH, FER.
DE A EIC 2%%525[7] B zIE,. A AT TIlE, *Hiiﬁ\f’o >HEE L 72 FvA X
~2.0% (m/m) EATEY, 2008 L FvAIZEFEREZ ~4.4% (m/m) & A T

TEINLTHBESNT FvVADIRFZEEA EIT~49% (m/m), A X U 7 THHES
N7EZFVADREZEEGHEIT~39%9TH D7), D FFHEEEIT, FvA B 1(b) 2T #H &
> =
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(a) (b)
HO

? Fulvic acid
(i) Soluble at all pHs
(i) Small molecular weight
(~1,000 Da)
(iii) High oxygen content
(iv) Yellow in colour

Humin
(i) Insoluble in aqueous
solutions

(ii) Large molecular weight
(~300,000 Da)
(iii) Dark black in colour
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Figure 1

The characterization and classification of humic substances. Adapted from
[5]. (a) Humic substances are isolated from various parent material like peat,
coal, water, and soil through a series of precipitation/dissolution steps;
their general characteristics are highlighted in each box [9, 10]. (b)
Proposed composition of fulvic acid by Health Canada.

X 1

(B]EVBIHLEBHEDEORMB IO oHE, (a) BHEDWE X, Bk, Ak, kK. L
BhltoIEFSERhBER2»r0, —HOWHE - B ILEZ2R CHBEINLD, 0 — W
RREMIT, ARy 7 ATHERBASINALTWD [9, 10], (b)) T HXHREEANERT D 7V
NN 5 A

FvA has been indirectly utilized in traditional Indian medicine
( “Ayurveda” ) for roughly 3000 years [3]. The substance called Shilajit, a
tar—-like exudate from the Himalayas, contains about 15-20% FvA and is used
for medicinal purposes. As per ancient texts, Shilajit can have immune-
modulation, antioxidant, diuretic, antihypertensive, and hypoglycaemic
effects [3]. In addition, when applied externally, it is claimed to be an
antiseptic and analgesic [11]. Reviews on Shilajit indicate that the intake
is safe; however, the pharmacological dosing of such molecules remain unknown
[3]. Despite such lack of information, Shilajit/FvA is currently available
as a nutraceutical to the public [12]. The purpose of this review is to
investigate and highlight the current knowledge base regarding FvA and its
effects on animals and animal cells.

FvAix., 8 3000 FRinb Ay FOBEHESY (17 —=2 vy —4F ) THEOIZHHX
nTEBl, e~ YUk —LrikoBpHmTcHbE 7Yy hEWIPEIL, Fva
 15~20%RBREG A, HALELTHHEINLTWD, ¥oxX@icLd L TV v b
X EE . i, FIR, BIE, MAERE TIEAR L LS TW D3], &6, 4+
LA, EALt#ERBRA THLIEERERINTWD[11], 7Yy PiZET B L E
2—TEH,. BREIZETOHLLIILEDREINTWVDEINR, TO X5y +OEREEN R E
HGIZEARELTABHTHL2B]l,. 20k HrRERABICLPDDLT 7Y v b/FvA
THE,. REMBELE LT RICATFARERTH DL [12], 2O L E=2—0HMBIT, FvA
EZO0EYMBLXOCHYHE~ORBICZETIHAEOMBX—AZHEL., WFHT 22
EThH B,
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2. Immunomodulation by FvA

FvAIZ X 5 % E &

The most adequately researched claim of FvA is its ability to modulate the
immune system. However, the outcomes of such studies remain controversial.
FvA can be both proinflammatory and anti-inflammatory in animal systems. The
available literature regarding the effects of FvA on the immune system is
summarized in Figure 2.

FVADR S oIS T EREIFT, RERZHG T2 THDL, L, £
DEH>RMREOHERIT, KRLLTHEROAMAD S, FvAIZEHHERICEB W T, £
FEMREER EMREFEHOM A2 RT R H DL, FVADORBEFZR~OEEIZET 2]
A AT RE 72 XXk & Figure 212 % & 7z,

+
Fulvic acid

-

Figure 2
Known literature for the effects of fulvic acid on the immune system. Fulvic
acid is shown to induce as well as reduce inflammation.

X 2
TNLVARBORER~OEBIZEAT MO XHk, 7/VABITRIEZWME 3 57215 Tl
L. BRI HZELRENTW B,
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2.1. Anti-inflammatory Effects of FvA
FvA D HLRIE B R

Asthma, allergies, and eczema, along with many other disorders, can be
associated with overactive immune <cells [13]. In these cases, anti-
inflammatory drugs are critical for reducing symptoms. Several studies
indicate that FvA can act as an anti—-inflammatory by reducing the release of
proinflammatory mediators from cells. First, Junek et al. show that FvA at
200 u g/mL can reduce tumour necrosis factor alpha (TNF-a ) expression after
exposure to the endotoxin Lipopolysaccharide (LPS) in differentiated human
monocytes (U937) [14].

A, TLAX—, BB X, o2 OFEMBE L BT, %EMIEO® R ZREME|RICE
HLTWARAEERDB[13], 20X RGE, ERZRB T H57-ODICHREANE
B D, w<oﬂwﬁﬁm\MAﬁ%@#%@%E@%?4I~&~@W&%M&

SHBHZ LI T HARIEA & LTf’EHﬂ?é:kifiT“%é:k%%bfwéoi*f\
Junek S, 200u g/mL @ FvA 2, b L7t FEE (U937) BV T= v F K%
y@UﬁﬁU%yﬁ?%F(wwcﬂ% L7ctk, BEHEEXRK T « (TNF-a) % B
FERBTEHZ AL TWAHI[14],

FvA also is shown to reduce cyclooxygenase 2 (C0X2) and prostaglandin E2
(PGE2) secretion after homocysteine stimulation in primary human monocytes
[15]. FvA from solubilized sludge (SS-FA) is shown to reduce B-hexosaminidase
and histamine release in immunoglobulin-E-sensitized mast cells and basophil
cells [16]. This information suggests that FvA can have anti-inflammatory
and antiallergy effects. Yamada et al. also show SS-FA decreases TNF-a,
interleukin-4 (IL-4), and IL-13 from mast cells.

Frr FvA R . FYIRRBEEROAREI AT A VHIIEBEDOL 7 0 F X7 F —F 2(00X2)
BIXOXFe x5 E2(PGE2) WAaE AV IHD I ENRREINTWDH[15], 7
@M@ﬁm%ﬁﬁmwSM)i\ﬁ£7ﬂ7)/Eumﬁéﬂk?xkﬂﬁﬁiﬁﬂ
WMREERKIZBWT . B-~F YV I=2F—-—FPBLObeRZI Ui EaEDPEIESLZ L BR
EnTWab16]l, 2N DOERIT, FVARHAREB L O T LA - R 2% C&
HZ LB B LTCWS, £7 ., Yamada H i, SS-FA R~ X M 5 @ TNF-a . 1 »~
Z—naAFxr-4 (IL-4), IL-13 2PV S L LR L TWD,

Unfortunately, in vivo studies into the effects of FvA have been too few and
sporadic. A pilot clinical study shows coal-derived FvA (oxifulvic acid) at
4.5% (w/w) reduces wheal and flare size after allergen challenge in humans
[17]. The reduction by FvA shows similar results to 1% hydrocortisone. The
anti-inflammatory properties of oxifulvic acid are also shown in mice [18].
In the study, mice sensitized with dinitrofluorobenzene on the ear and then
again challenged 6 days later see a reduction in swelling with FvA treatment
comparable to steroid medication.

a2 N DL, FvADORRICET S in vivotF B IZH T 0 I2h R BEMNRZLDOTH
o, N4 vy FEEXKMIETIE., ARBFXRDO FvA (X7 VEREE) 4.5% (w/w) |

E NTCTUVAF VARBOEWB L 7L 70O A X2 /NINT BN RENTWES
[17] o BvAIWC X AT, 1 %D Fra A F Yy tRPBEOREELTRTLTWVWS, I F
VINEABOMEREEHAIZ, vV ATHERENTWDH[18], ZOMETIE, VY= Fn
TNt XU UOEHICBMRARLULTEEL, 6 HEICHEF Yy LY L~ U XTI,
FvARBE I IV AT a4 FELREZEOENLOR D NHER I TWE T,
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A patented isolation procedure yielding carbohydrate-derived fulvic acid
(CHD-FvA) mimics the above information almost entirely. In a randomized
clinical trial, topical administration of CHD-FvA is shown to significantly
reduce eczema rash in humans [19]. However, a burning sensation was also
reported in this study. In addition, oral ingestion of CHD-FvA isolated from
South Africa at 100 mg/kg can reduce paw edema in rats at levels similar to
nonsteroidal anti-inflammatory drugs [20]. Overall, the above studies promise
the potential of FvA to treat overactive immune disorders, specifically
eczema.

PEEHE O 7 VAEE (CHD-FvA) # G 5 RFiF B E A0 BEEFIEITX, ERLoE &% 1
R eICE L Wb, BMIEALBEBRABKICE W T, CHD-FvA O /FFT& 51X, & h o
BZONPSNEABECRALDIEDLIZ LR RENTWVWS[19], L2rL., ZoRABRTITH
B LM E SN TWD, S5, M7 7V 5558 Sz CHD-FvA % 100 mg/kg T
BROBIWRT 2 E AT AL RERREELEFERFLRO LNV TT v hOREFELE &I
L EMTEDH[20], &KL LT, LM IE., BIEEHRZEKRE, FITBE ZIHKE
THOOFVADAREEEZNETLILDOTH D,

2.2. Proinflammatory Effects of FvA
FvA @ % %E 12 % /£ A

The immune system is an integral part of human health and has evolved to be
a complex organization in which we rely. It provides protection against
pathogens and stops tumour growth by initiating the inflammatory response
[21, 22]. Interestingly, FvA has been shown to enhance inflammation in animals
too. In the same study by Sabi et al. [20], topically applied CHD-FvA can
reduce the size of wounds infected with Staphylococcus aureus, thus stopping
the progression of the infection. CHD-FvA is also suggested to reduce the
size of wounds infected with antibiotic-resistant pathogens [23].

G RIET, ABOBEICE S TARAARAELOTHY, AR bBNIRIET 5 E MMk &
LC#ELTER, AERE., MEEKRKNMLHE AT, REXIGEZEZ T2 L THEE®
KEZIED TWB 21, 22], BIBRE N LI, FVAIREIMIZB W TCHLRELZRET D
ZEMRENT WD, Sabi HIT XK AR UAFE [20] TiX., RATWICE® A L 7= CHD-FvA
N, BHOT FUKRBICERELEZEODZ/MIL L, BBEOEIT2IED D Z N TE D L
SN TW5, CHD-FvA T 72, miAEEMERERICEELEZAEGEZ/ NI T 52 L
MNoRE I TuvwE 3 [23],
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This suggests a bimodal effect of FvA that not only suppresses immune function
but also stimulates it. Essentially, it provides evidence that FvA ensures
proper immune function. Schepetkin et al. show that FvA can activate isolated
murine macrophages from the peritoneal cavity. Nitric oxide (NO) and reactive
oxygen species (ROS) important for killing bacteria and intracellular
signalling increase in FvA-treated peritoneal macrophages [24]. They do
however indicate <cell viability 1is reduced with 100 u g/mL of FvA,
questioning studies by Junek et al. [14]. In addition, Schepetkin et al. also
show that IHSS FvA standards and low molecular-weight extracts from Nepal
Shilajit can fix the complement system [25]. This gives rise to the thought
that FvA can activate the immune system when needed to protect against
infection and foreign pathogens.

TR, FvADRREMEEZIME T2 TR, %I _EOHREREFESOZ L BOR
L TWad, KEMIZ, FvA PN#EU R B lELHRT L2 EERTIERE 25,
Schepetkin HIX . FvA RN EEE O DB A LI~V A~ a7 7 — U iEHibTcx 3
Tl ERT, FVATUE LEEE~ e 77— TlE, MEOCKREBEEMBANY 7TV
fREICEE 7 — R EFE (NO) L iR ERE (ROS) 88 M9 5 [24], L2 L, 100u g/mL
D FvA THIMAEGFERNE F+ 22 & 2R, Junek HIZ K BHF%E [14]ICeM %2 2 L
TW5%, X512, Schepetkin H X, THSS @ FvA fEH# L 28— L v 5V v NDOIKYS T
MR HAERZREZBEET 22 bR TWAH[26], 20O &5, FvA lE &Y 5E 4+
KIBRED O H E2FLH-DICLBERBICRERZEEILT 2 ENTEDLLEE XD
nTw 5,

2.3. Detrimental Immune Effects of FvA
FVADEFEEREEDR

Several studies 1indicate that FvA may be harmful too. FvA derived from
Hungarian lignite can activate humoral immunity and reduce thyroid function
in rats [26]. In this study, FvA increases antibody titre against ovalbumin
14 days and 26 days after challenge. They also indicate that Ilymphocyte
diameter increases in rats, a sign of cellular activation [26]. These results
are not 1isolated; Kunavue and Lien show increases in IgG antibodies in
weanling pigs after FvA treatment [27]. No significant increase is found in
lymphocyte, monocyte, or granulocyte numbers in the blood however.
Unfortunately, Kunavue and Lien do not mention the location and isolation
procedure of the FvA used.

Such discordant effects seem to result from variances in therapeutic dosages
and/or the origin of FvA in the study. Thereby, it is an absolute must to
establish safe dosing for FvA depending on 1its source 1in order to
treat/prevent immune-modulatory disorders.

WL ONDOEIZ, FvA DAEAEZFETHDATRBELRLTWD, N AU — 0O R HKD
FvA X, vy hoEEMHEREZIEEELL, FRBEERELZE T2 L0835 5 [26],
ZOWE TIE, FvA T F ¥y L YD 14 H#%E 26 BREICA ANV T I IZHT D8
iz FHE®5, 7. Ty b0V UKo EENBHEML., MO IEMENRO K ET
HDHZELRLTWD[260], TNHOREREIFIMSI LD D TIE7Z <, Kunavue & Lien
X, FvARLEEZ OBEAL 7 % O Igt iAo MEZ R L TWdH[27], L2rL, MiEFP DV
VONER BB K HKRoOKICITAEARAEMITIALON L W, E AR NS  Kunavue & Lien
. R L7 FvA OB ENBEFEICODWTERLTHAR Y, 20X FHELE
HERIT BEEBREEBLIY/EFEH BB TS FVAORENER D Z L ICERK LT
WahrEBRbRD, LR T, REMBEEOHRESLTHOLOITIE, FvA O B K
LT X2 HEBEERET DI EDRMBIEMETH D,
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3. Oxidative Stress

k2 bL R

Oxidative stress is closely linked to chronic inflammatory diseases [28].
Oxidative stress 1is described as an imbalance of highly reactive oxygen
species (ROS) compared to antioxidants [29]. When the cellular equilibrium
shifts towards higher ROS, endogenous antioxidants like glutathione (GSH)
and superoxide dismutase (SOD) are outmatched. This leads to cellular
dysfunction, lipid peroxidation, and possible cell death [30]. The effects
of FvA on the oxidative state in cells and animals are summarized in Figure
3.

fefb A b L2 X, BYERIESEKB EBEELRBEEND 5 [28], BBibA ML A%, Hiigib
%E&wﬁbfxﬁﬁékﬁﬁ(mm)@A7/xﬁ%nt%%&bfﬁ%émif
[29], M D EMHmN LV SEWIEEBIFEOFICY 7 b4+ 58, Z V% FF 2 (GSH) A
—R—=F X RV RALZ—F (SOD) OXH>NKNENRBILDENRLEE LD, T
m\ﬁﬁ% 2 BE &R, BLXOMRBEEOEEZ DB 5T [30], Mk LV
BWIcB T OBMILREICHT TS VA REZR 3ICE LD,

+
Fulvic acid

o

Figure 3

Known literature for the effects of fulvic acid on the redox state of cells
Fulviec acid 1is shown to have various effects which include increasing
oxidative stress but also reducing it.

X 3
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3.1. Antioxidant Capabilities of FvA
FvA @ ft B2k 58

FvA has been shown to sequester superoxide radicals and other ROS outside of
the cell [31]. Inside the cell though, FvA can uncouple the electron transport
chain in liver mitochondria, which is associated with lowering ROS production
[32]. In addition, the most promising in vivo study regarding the antioxidant
ability of FvA is the reduction of oxidative stress markers after
isoproterenol (ISO) induced myocardial damage in rats. Shikalgar and Naikwade
show that FvA at 300 mg/kg/day for 4 weeks decreases lipid peroxidation and
myocardial damage markers after ISO and significantly increases GSH, SOD,
and catalase (CAT) levels [33]. Another study confirms this information in
fish. After feeding FvA for 60 days, a decrease in lipid peroxidation and an
increase in the expression of SOD, CAT, and glutathione peroxidase (GPx) are
seen [34].

FvAlXZ, A= NRN—FF T FIVINARETOMOIEERFELMBENICHEEET 22 & BR
ENTWA[31], L2rL., MBEANTIE, FVAIZIFBO I ha v RYU TI2HB T 5 E T
RHEOER MR T DI ENTE, 2RI EMEREFOAEAREZE FEE 2 2 &I
LTW3([32], &6, FvAOHBILEBADICEAT 2HDAEEL in vivo WFZEIX. T v

@ isoproterenol (ISO) FHHRLMEEZOHBILA NV A= —DWPV Th 5,

Shikalgar & Naikwade /%X, FvA % 300 mg/kg/H . 4 &S5+ 5 &, IS0 ?&@HE‘%@
it & D EE~—h —0n#E A L. GSH, SOD. # % 5 — ¥ (CAT) L X)L &8
THZEERLTWD[33], BloME T, T2 @%%%%wawiﬁohA%
60 HRl G- 2 7-% @Bt EE DR  SOD . CAT, Z vV Z F F » X)L A F 3+ ¥ —+F¥ (6Px)
DOFEBOHEIMMP R LD [34],

3.2. Oxidant Capabilities of FvA
FvA O Bt Al 8e 71

Just like in inflammation, FvA can also cause oxidative damage instead of
preventing it. FvA 1increases oxidative stress when exposed to 1isolated
cartilage cells from 12-day-old embryonic chicks [35]. This study contrasts
ones showing a decrease in lipid peroxidation and further suggests FvA as a
causative factor in Kashin-Beck disease. An underlying factor for elevated
oxidative stress 1is that FvA can increase cellular respiration rates at
extended exposure in rat mitochondria, which may lead to the production of
more oxygen radicals [30]. FvA has been shown to increase oxidative markers
like hydrogen peroxide and nitric oxide and induce apoptosis in hepatic
cancer cell lines [36]. Similarly, FvA can increase smooth muscle
contractions, which can be linked to oxidative damage [37].

RIEELBMLEEOIC, FvA b FE, BMIELOEEFEZBE SO TR, sl T /TeEEN
YV EFT, FvAIEZ, 1I2HBORME=U M) OHB®RE MR ICEBET S L, BILA ML
AmEEMEE5[35], 2o lE, BEAELBEEORB LV EZ 7T O LB TH Y | Fva
2 Kashin-Beck WO BHERKKF+THI2 I L EZEIDHICRBRT2D0DTHS, ik b L &
OLEAORAENZERLELT.FVAIXZTZ Yy PO by FYTIIET D ERRORE
WX MampElEELEENMIE, VS ORET OO NVOFELEIZORN D AREMNDN
H 5H[30], FvA X, BEMILAKZEESL BIELEEFO L) BN ~— T —ZHMESE.,
FEHMBEEICB YT T AR N RAZ2FET L ENRRENTW D [36], HEIZ, FvA X
T OWNMEE MY, BMEWBEEEEET L2 ATREN® D [37],
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4. Gut Health
5 D Bt B

The gut forms the interphase of the outside world, the microbiome, and the
host. Sufficient evidence shows that poor gut health can lead to inflammation
and disease [38]. In agriculture, FvA has been shown to influence the soil
microbe composition and be able to conjugate itself to various minerals,
aiding in the uptake in plants [39, 40]. As a result, FvA is suggested to
improve the gut flora, nutrient absorption, and heal adverse disorders
related to the gut. Below is the available content regarding FvA effects on
gut health and summarized in Figure 4.

ik, AR, ~A4 7" 4 =2 BHBEOMBEZERL CWE T, GO MEERENE
WeE L RIERCHKAXICORDNDLIHAEMEND D Z 2T FORGEMNDH 5[38], BELC
BWTEH, FvAZ EEMAEDMHKICERELY 52, AR Ix TV EeHEFT L2 LN T
T, AS~OWMVIABREBIT D ER RSN TWDI[39, 40], T OREE, FvA X, B
W, RERNR A% EEL, BICHEETLIAEERREZRET LI ENRRIBINT
W5, LTI, Bo@EICHET 2 FVAORICET 2R TR Ty T, K4

WWENS LTV D,

+
Fulvic acid

Figure 4
Known literature for the effects of fulvic acid on gut health. Fulvic acid

has been shown to influence the microbiome, nutrient absorption, and gut
disorders.
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4.1. Shifting the Microbiota
WMEMEES T VTS

In regard to the microbiota, very little information is available in animals.
A study by Gao et al. show that FvA at 1.5% (w/w) can modulate the gut
microflora in loach (Paramisgurnus dabryanus) fish [34]. After 60 days of
feeding, the abundance of Proteobacteria phyla decreases and Firmicute levels
increase in the intestine. In addition, 10 bacteria genera were influenced
by FvA treatment. Bacteria of note include an increase in Variovorax,
Lactococcus, and Lactobacillus and a decrease in Serratia and Acinetobacter.
This is the only study investigating the effect of FvA on the microbiome.

MAVHZICEAL T, B TIEZELAEHERNR VY, Gao b DHFFE T, 1.5%(w/w) D
FvA 2 F ¥ 3 7 (Paramisgurnus dabryanus) MO BN MEZZ2HAE T 52 BR8N
TW3A[34], 60 HREIOKEEIZ LY, AN TIE Proteobacteria B D HE fMH NI A L.
Firmicute BOBEMMBMWM LT, £72. 10 HMEOMEE I FvA WE O XE L2 %2
7o B T _XEME X, Variovorax, Lactococcus, Lactobacillus ®# /il ., Serratia,
Acinetobacter O D TH B, FvA D~ A 7 a XA F— b ~DEEELPHAE L7~ 2T
SEIPHO TTH D,

4. 2. Enhancing Nutrient Absorption
KBEBBOBRNEZ®D B

Gao et al. [34] also show FvA increases the activity of digestive enzymes
like lysozyme, proteases, and acid/alkaline phosphatases in fish. This 1is
strengthened in part by an intensive study investigating nutrient
digestibility in pigs [27]. FvA supplemented at 200 ppm in fed improved
phosphorus and ash digestion but interestingly had no effect on fat and
protein digestibility, contrasting data found in loach.

Gao & [34] b, FvA RAHEOV VY F—A, Tus 7 —F¥, B/ Trhr IR R7
7 A — PR ECOENEBEEOEEEZEO L E2 LTS, 202 &, KOREWM
bERZME L ZETHRZE 27k TH MmN TWDS, 200ppm D FvA
AT A E, VU ERDOEENEZE]INTZN, BIBRBE N LI, B E ¥ v
BOWEALRICEDEN RS, FYPa TR ET =X 3B TH - 72,


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6151376/#B34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6151376/#B34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6151376/#B27

FvA is shown to influence the bioavailability of heavy metals in animal
models as well. FvA can increase the absorption of copper in porcine oviductal
epithelial cells and simultaneously reduces its toxicity [41]. In addition
to nutrients, FvA has been shown to mediate drug delivery in rats too [42].
Carbamazepine (CBZ) a common anticonvulsant has a low bioavailability, but
when conjugated to FvA, absorption across an everted rat intestinal sac
increases along with concentrations of CBZ in the blood plasma. FvA has been
shown to increase absorption of nutrients and drugs; thus, a concern is the
absorption of pollutants and toxins into the blood. However, in a study by
Qiang et al., FvA does not increase the absorption of
perfluorooctanesulfonate (PFOS) in carp, a conclusion based on the amount of
PFOS in the feces of fish compared to controls [43].

FvA . 8HETNHICEBWTHLEEBOAEYWZMNAAHRBICEEL X2 LB REN
TWd, FVAF 720 E EEMRBEICET 28O EZHENS ., REFICHOHZMEE
BFEEDZZLENTEDH[41], RERICNMZ T, FVAIZ T v FITBTF D FT v 75
NYU—HENT 2R RmREINTWVWDE[42], BB TV AKRTH L DL A<
By (CBZ) IR AFTT_NATEYT oM™V, FVARTEASIEZ L, Ty FRHEB
HTOWRIAE ML, MPFEFHDOCBZOBRBENLEF L, FVAIRERZSED O R IN %
BMOLZEPALNTEY GEMESSHEROMBF ~ORNBIBEEEIND, L1,
Qiang H DR TIT., FvA a4 WXBIF 27 vtdat s %y 2k (PFOS)
OWNEHEMEEZ2n, T, AOEMF O PFOS O &N IR KL TEZ W

WHESHWwm Th D [43],

4.3. Improve Gut Disorders

BORFAELET S

A preliminary clinical study exists which investigates the efficacy of
probiotics in combination with FvA in gastrointestinal (GI) disorders [44].
Unfortunately though, all groups including ones with FvA see no improvement
in Gastrointestinal Quality of Life Index (GIQLI) and Visual Analogue Scale
(VAS) scores for GI symptoms. This study does showcase the safety of FvA
intake over a 12-week period. Even though FvA is not shown to have an effect
in the previous study, FvA isolated from Shilajit shows promise to be
antiulcerogenic during several battery tests in albino rats [45].

BIBEZEICBIT 270 X447 07 2L Fvh ORI E %2 X7 70 72 5§ K o 5%
WFEET D [44], L2 L, BERRNL .  FVAZELT _XRTOZ AL —FT, BBIERD
Gastrointestinal Quality of Life Index (GIQLI) ¥ X U8 Visual Analogue Scale
(VAS) Ra 7 Bl EN DN o, ZTOMIIX. 12HBEIZHI D FvABROZ
EMZEZRLTWVWD, FVADRUROMATHREZF DI LR TRINTWVARWVIZE 202D
L. VIV ML EINTEFVAIR, TAE S Ty hTWLS OO Ny T Y —F
A NMHICHEREE O TR Z R L TV E F[45],
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5. Potential of FvA in Diabetes
BIRBICB T D FvA © w7 RE

Type 2 Diabetes Mellitus (T2DM) 1is characterized by improper insulin
signalling and attenuated glucose uptake into cells [46]. This can lead to
prolonged hyperglycaemia after feeding and adverse symptoms [46]. The cause
of diabetes remains a mystery, but research associates inflammation,
oxidative stress, and changes in the gut microbiome among the many causative
factors [47]. Shilajit, which contains FvA, has been shown to reduce
hyperglycaemia in diabetic rats and increase SOD activity in pancreatic beta
cells [48, 49]. Unfortunately though, there is no direct evidence in the
English language showing only FvA in preventing T2DM symptoms. However, the
accumulative effects highlighted in this review and the last two studies
suggest its therapeutic potential.
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Those with T2DM show signs of chronic inflammation and elevated
proinflammatory cytokines in serum like TNF-«, IL-1, and IL-6 [47]. FvA is
shown to reduce these types of cytokines and proinflammatory markers 1in
animal models [14, 16]. In addition, a proposed treatment regime for T2DM
involves nonsteroidal anti-inflammatory drugs (NSAIDs) to alleviate symptoms
[50]. FvA might fit as an adjunct treatment to reduce markers of oxidative
stress and inflammation as FvA can act in a similar manner to NSAIDs [20].
FvA might also reduce oxidative damage and increase antioxidant enzymes like
SOD, CAT, and GPx [33]. Beta cells, which are responsible for insulin
production, undergo oxidative damage during T2DM [51]. Protecting the redox
state of beta cells may prove beneficial in preventing T2DM. Lastly, patients
with T2DM are found with a change in gut microbial composition, and FvA may
influence the bacterial community [34].

T2DM OB FE 1L, BHEREDOKBEEZ R L, INF-a . IL-1, IL-6 R E DO RIEEY A M &
AP MEPF TCERTH47], FvAlZ, BIHETALICBWNT, ZNLLOX A T OH A
M A ERERE~— D=2 WD IHDIERRINTWD[14, 16], X 5T, T2DM
ODWEFEHEEE LT, IERZBEM T H272DICHERAT B A REFLKIEREK (NSAIDs) % fli A
TAHZLEREBEINTWASI[50], FvAIZ NSAIDs L AIARICHER T AR TE 512D
ﬁthvx%*r®v—ﬁ A IEL5-00MBBRE®EEL THA #éT
EMENH H[20], £, FvA ITBALAB X A — P &2 8B L., SOD, CAT. GPx 72 & ® Hi &
m%f%ﬁméﬁéﬂ%ﬁﬁﬁémﬂo4VXUV%$%E5B%M@\TNM®%
Mrlc@mibm 2B EZ22 T 5[61], R—XfEOL Ky 7 2AREEZHRET D LI
T%M@%%Lﬁﬁﬁ%é’kﬁﬁ%éﬂé#%bﬂ@wo%%L\mwﬁﬁﬁ
BN AR OEZBD LN, FvATMERICEREL E 220 @ENS 5 [34],
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6. Conclusions
i

The information gathered in this review indicate that FvA can act as an
immune modulator, influence the redox state, and potentially affect gut
health. FvA is shown to decrease proinflammatory markers but also activate
the immune system to kill bacteria. It is shown to reduce oxidative stress
and even induce apoptosis in hepatic cancer lines. FvA is shown to also
influence the microbiome and possibly improve gut function. FvA appears to
have a yin-yang effect when it comes to these physiological states. This
trend can be seen with most drugs and NHPs; however, toxicity may manifest
itself at high intake and poor administration [52, 53].

IOLvbEa—TEDLDLNEHERIZ. FVARSGEFGK F & L TEMRL., BETR
B EE 2 BOWEBICERELZEZD2REENSD D L E L TWDH, FvA i,
JEME~— D —Z WAL I ELIE TR MELZ2E T EOICREREZEEILIE D Z
MWRENTWD, o, BIELAPMLAZRBB L, SHLIECHFEKICBWTT R F—v
EHFETAHIEBNTRIINTWVWS, FvAlX, ~4 7" AM A —2IlbEEEE2 52, B
HMEZUETDIARENRD D ZENREINTWVD, FvAld, 2Th b 0AEMHEHREIC
BMLT.BBORLIDDILIICARZD, ZoEmiE, EFEAE0EYE NIP TR %
ZEBRTEL . L2PL.EHEF OEVWVEREEA+ LB ETCHEHNALSI S LNV W[H2,
531,
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Although the supporting literature is minimal, if considered in combination,
the potential for FvA to be a candidate in preventing inflammatory diseases
like diabetes arises. This 1is promising as our current approach to these
kinds of diseases is lacking. It is important to note that FvA research in
some cases is conflicting, which is thought to be a result of variance 1in
dosage, parent material, and isolation procedure. In addition, there is no
consensus on the structure of FvA, a standard isolation, or parent material.
Thus, it is of paramount concern to reconcile these factors and establish
dosing for age groups and differing FvA. This will help make conclusive
statements regarding FvA function and its influence on immune-related
diseases.

HATERDZXEMITIAV RN, HMAADLE TE X NIT., FvA N EERIE 22 & O &K 5E M %
BaETHIT2FMERDIARMENHE TS 2, 2OFOKERBRICHTIHAEOT T —F
AL TWDHAOT, ZHIEHMfFCTEs, b, FvVADOIFIR X, G5 ECREK, B
FERrElCELD&ERbHADERDbDRL, FELTWDA2 FXF—Ab bbb, £, FvA D
E, EENRSEESFE, Mo ThbarkerH2n”3Eon TR, LR o
T. INLOEREZHAEL, FHBESOCRRLD2 FVALH T IRGEEHERY T 52 LB EK
LEELELOETHL, 2NICELY . Fvh OBEB I A EHEERE~OEE Iz oWV
T, REMRAMBIELNDE EEbh 5,
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