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Tulsi, also known as holy basil, is indigenous to the Indian continent and highly revered for its medicinal uses within the
Ayurvedic and Siddha medical systems. Many in vitro, animal and human studies attest to tulsi having multiple therapeutic actions
including adaptogenic, antimicrobial, anti-inflammatory, cardioprotective, and immunomodulatory effects, yet to date there are
no systematic reviews of human research on tulsi’s clinical efficacy and safety. We conducted a comprehensive literature review
of human studies that reported on a clinical outcome after ingestion of tulsi. We searched for studies published in books, theses,
conference proceedings, and electronic databases including Cochrane Library, Google Scholar, Embase, Medline, PubMed, Science
Direct, and Indian Medical databases. A total of 24 studies were identified that reported therapeutic effects on metabolic disorders,
cardiovascular disease, immunity, and neurocognition. All studies reported favourable clinical outcomes with no studies reporting
any significant adverse events. The reviewed studies reinforce traditional uses and suggest tulsi is an effective treatment for lifestyle-
related chronic diseases including diabetes, metabolic syndrome, and psychological stress. Further studies are required to explore
mechanisms of action, clarify the dosage and dose form, and determine the populations most likely to benefit from tulsi’s therapeutic

effects.

1. Introduction

Tulsi in Hindi or Tulasi in Sanskrit (holy basil in English)
is a highly revered culinary and medicinal aromatic herb
from the family Lamiaceae that is indigenous to the Indian
subcontinent and been used within Ayurvedic medicine more
than 3000 years. In the Ayurveda system tulsi is often referred
to as an “Elixir of Life” for its healing powers and has been
known to treat many different common health conditions. In
the Indian Materia Medica tulsi leaf extracts are described for
treatment of bronchitis, rheumatism, and pyrexia [1]. Other
reported therapeutic uses include treatment of epilepsy,
asthma or dyspnea, hiccups, cough, skin and haematological
diseases, parasitic infections, neuralgia, headache, wounds,
and inflammation [2] and oral conditions [3]. The juice of the
leaves has been applied as a drop for earache [4], while the tea
infusion has been used for treatment of gastric and hepatic
disorders [5]. The roots and stems were also traditionally used
to treat mosquito and snake bites and for malaria [5].

Three types of tulsi are commonly described. Ocimum
tenuiflorum (or Ocimum sanctum L.) includes 2 botanically
and phytochemically distinct cultivars that include Rama or
Sri tulsi (green leaves) and Krishna or Shyama tulsi (purplish
leaves) [6, 7], while Ocimum gratissimum is a third type
of tulsi known as Vana or wild/forest tulsi (dark green
leaves) [8, 9]. The different tulsi types exhibit vast diversity
in morphology and phytochemical composition including
secondary metabolites, yet they can be distinguished from
other Ocimum species by the colour of their yellow pollen,
high levels of eugenol [10], and smaller chromosome number
[11]. Despite being distinct species with Ocimum tenuiflorum
having six times less DNA than Ocimum gratissimum [11],
they are traditionally used in the same way to treat similar
ailments [5]. For consistency, this review uses the term tulsi
to refer to both Ocimum tenuiflorum or Ocimum gratissimum.

Tulsi has been the subject of numerous scientific studies
and its pharmacological and wide range of therapeutic appli-
cations are the subject of more than one hundred publications
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during the last decade alone. Numerous in vitro and animal
studies attest to tulsi leaf having potent pharmacological
actions that include adaptogenic [12-14], metabolic [15-
17], immunomodulatory [18-20], anticancer [21-23], anti-
inflammatory [24, 25], antioxidant [26, 27], hepatoprotective
[28, 29], radioprotective [30, 31], antimicrobial [32-35],
and antidiabetic effects [36-38] that have been extensively
reviewed previously [39-45].

Preclinical studies have demonstrated that tulsi increases
swimming survival times in mice and prevents stress-induced
ulcers in rats [46] with antistress effects comparable to
antidepressant drugs [47]. Similarly, recent studies report leaf
extracts from ethanolic and aqueous tulsi protects rats from
stress-induced cardiovascular changes [48, 49]. Studies in
animal models have further shown that the leaf extract of tulsi
possesses anticonvulsant and anxiolytic activities [50, 51].
Several animal studies conducted over the past fifty years
report that ingestion of tulsi leaves improves both glucose and
lipid profiles in normal and diabetic-induced animal models
[36, 38, 52-58]. Tulsi aqueous leaf extract intramammary
infusion has also showed promising effect on improving the
immune response in bovine models [59].

In addition to the extensive literature documenting in
vitro and animal research, studies on the use of tulsi as part of
a polyherbal formulation in humans has been systematically
reviewed [60]. To date, however, there are no systematic
reviews on the clinical efficacy and safety of tulsi as a single
herbal intervention in humans. The objective of this review
was therefore to summarize and critically appraise human
clinical trials of tulsi in order to assess the current evidence
on tulsi’s clinical efficacy and safety.

2. Methods and Materials

2.1. Search Strategies. Relevant clinical studies were identified
through searching PubMed, Google Scholar, ScienceDirect,
Medline, Embase, Cochrane Library, and Indian Medical
databases. The terms in the title or abstract (MeSH and
free search terms) alone or in combination searched were
“Tulsi”, “Tulasi”, “Holy Basil”, “ocimum sanctum”, “Ocimum
tenuiflorum”, “Ocimum gratissimum”, “ocimum”, “Albahaca
Morada” or combined with “clinical trial”, “clinical”, or
“human”.

2.2. Inclusion Criteria. Studies were included if they reported
on a human intervention study that involved ingestion of
any form of tulsi or holy basil (Ocimum sanctum or Ocimum
tenuiflorum or Ocimum gratissimum) and at least one clinical
outcome.

2.3. Exclusion Criteria. Studies were excluded if they were
reviews, were nonclinical studies, did not involve human
subjects, did not report a biological outcome, only involved
topical application or only used tulsi at part of a polyherbal
formulation, and did not report on the use of tulsi as a single
herbal intervention.

2.4. Study Selection. All the titles and abstracts were screened
on the basis of the predetermined inclusion and exclusion
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criteria described above. The full text of each article was
reviewed to assess suitability of the study with duplications
removed. The search included clinical studies written in the
English language and articles from inception until November
2016 in the above-mentioned electronic databases. The refer-
ences of selected articles were manually searched to identify
further relevant studies and, where appropriate, study authors
were contacted to request further information.

2.5. Quality Assessment. In order to evaluate the quality
of design and implementation of trials, information was
collected on the study design, randomization, blinding, and
description of participant dropouts and the Jadad scale was
used to assess methodological quality [84].

2.6. Data Extraction. Eligible studies were reviewed with
the following data extracted and tabulated: (1) first author
name and year of publication; (2) design of the study; (3)
Jadad score; (4) study participants (intervention and control
groups); (5) extraction method; (6) duration of intervention;
(7) tulsi dose and dose form (8) comparator; (9) outcome
measure(s) including both primary and secondary, and (10)
any adverse event(s).

3. Results

3.1 Study Description. After screening 1553 studies, a total of
31 articles on tulsi met the inclusion criteria. Four articles
were excluded due to being inaccessible and one article
reported two independent clinical studies, while one clinical
trial was reported in three separate articles. This left a total
of 24 independent clinical studies to be reviewed. A flow
chart of the systematic search and study selection protocol is
presented in Figure 1.

The reviewed studies involved a total of 1111 participants
with ages ranging from 10 to 80 years old with eight clinical
trials limiting participants to >40 years old [38, 61, 66, 68—
70, 72, 75]. Only three clinical trials included 100 or more
participants [65, 66, 82]. The study durations ranged from
2 to 13 weeks and tulsi dosage and frequency varied from
300 mg to 3000 mg given as 1-3 times per day as tulsi leaf
aqueous extract; 300 mg-1000 mg once or twice per day as
tulsi leaf ethanolic extract; 6g to 14 g per day as the tulsi
whole plant aqueous extract; and 10 g fresh tulsi leaf aqueous
extract administered as once or four equal doses daily, and as
tincture solution 30 drops a day were administered as three
equal doses daily.

From the 24 studies identified only eight included a
placebo [66, 68, 70, 75-77, 81, 82]. Five of the included trials
adopted a two-arm parallel design [62, 63, 65, 67, 80], while
four used a cross-over design with one being described in
three different papers that reported on two different sets of
outcomes [70, 75, 77].

Included studies were classified according to three major
clinical domains: metabolic related disorders; immunity; and
neurocognitive function (Tables 1, 2, and 3). Only two studies
described the type of tulsi (Krishna) used while all other
papers referred to tulsi as Ocimum sanctum [71, 72] not
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Studies identified through
database search
(n=1396)

Studies identified through other sources such
as books, thesis, and Indian journals
(n =156)

Total studies identified
(n = 1552)

Duplicated records removed

(n=538)

Searched full text articles
(n=1014)

Records excluded
(n = 983)

(i) Reviews

(ii) Nonclinical studies

(iii) Nonhuman

(iv) No outcome

(v) Topical application

(vi) Polyherbal formulation

Clinical studies identified
(n=31)

Inaccessible records removed

(n=4)

Identical records removed

(n=3)

(n=24)

Clinical studies included in
systematic review

FIGURE 1: Flow chart of systematic search and study selection protocol.

distinguishing between cultivars. Four studies reported on
the use of tulsi alone and along with food, hypoglycemic drug,
curry or Neem [63, 67, 69, 76]. Most studies looked at clinical
populations with specific acute or chronic illnesses, such as
viral infection, psychological stress, diabetes, or metabolic
syndrome, with only three studies reporting on the effects of
tulsi in healthy human participants [74, 76, 81].

3.2. Effectiveness and Safety Evaluation. The most common
outcome measurements were related to blood glucose levels
(8 studies), lipid profile (6 studies), blood pressure (6 studies),
immune response (6 studies), and neurocognitive changes (4
studies). Other outcomes included mood (3 studies), fatigue
(2 studies), uric acid levels (2 studies), diabetes secondary
symptoms (1 study), and sleep (1 study). Fifteen of the 24
included studies reported no adverse events and eight studies
did not describe or refer to any adverse events. Only one study
that used tulsi leaf extract as 250 mg capsule taken before

meals twice daily in 16 obese adults reported the occurrence
of occasional nausea.

3.3. Quality Assessment. The studies were classified as either
Randomized Clinical Trial Placebo Controlled (RCT-PC 6),
Randomized Clinical Trials with no placebo (RCT 7), or
Clinical Trials where no information on randomization or
control was available (CT 6). Only three out of 24 studies,
two of which examined neurocognitive effects [81, 82] and
one reported on immunity as well as cardiovascular changes
[74, 77], were rated as high quality with Jadad scores of 4-
5 points, with the remaining studies varying in quality with
Jadad scores ranging from 0 to 3 points. The score for each
included study is presented in Tables 1-3.

3.4. Metabolic Disorders. Seventeen clinical trials reported
on metabolic conditions with ten studies reporting on type
2 diabetes or metabolic syndrome with measures of blood
glucose, lipids, and blood pressure, yet only one study



Evidence-Based Complementary and Alternative Medicine

dq % erdeyd4jodT

IS[N) + WU

(s1eak 09-0%)

SOABI IS}

[eLI) [edTuI[D

[69] (6002)

pariodar cersdip£jodT :swoydwLs Kep/3¢ syoaM 71 SION/INAZL 1 . .
10N QT L pasosdu ueaN Iopmog AP S[e 06 pazrwopuey [e 39 TeqUOOY]
(s1e2 SG-G¥) [eL1} [eoTuIp .
aryouid pridif ur SaARI IS[N) . [89] (0102) T®
SUON yuswasoxdur yueoyrudig M Aep/8 005 SAM 8 snoanby WAzL € pojonuo>-ogeerd 19 TRWMYSauI(]
SIMpe 0 pazrwopuey
STVgH paonpal aprurepuaqI[n Snap (s1eah G9-0¢) [BLI], [e2TUT[D .
dUON asoon(3 rerpuerdisod ovmwﬂm“wﬁzw Swg + Soom ¢ oprurepuaqrs NAZL 1 1o[rered pafjonuod Wwwm@%mwhoﬁ
pooiq SunseyT yueoyrudig p/oute 15Ty Aep/3ur 0o¢ + SaA®3] IS[N], synpe (9 ‘paziwropuey P S
dg pue (s1ea4 OF) [eLn [eorurp
vmwom& 9s0on[3 poorq Sunsey voMMUm% MMQMHXQ\SNW M_ Soam ¢1 mwwmwmﬂwﬂw SN 1 pofonuod-oqaderd WMW MNWWN
N orgoxd pidif pasoxduug N PO/ sympe Q01 ‘pazrwropuey
payrodar PpIoe S Wnias Aep/g x sdoxp o1 Kep/sown ¢ IS[N) WoIy SHHY dnoi§ pyjered [59] (€102)
10N ur Uoronpal Juedyrusig Arewiasos prim sdoap o1 SAeom armpout], Anop ¢ putiq-a[Burs ‘e 32 pewyy S$Iopiosip
HHonaTP e aImdury, ¢ ) $IMpe 00T pazrwopuey ST[0qeIN
S[9AJ] [BULIOU JBIU [%9] (#102)
dUON Zuryoear as0on[3 poojq duoN ww\ﬁ% xm& SYooMm G s MW%MH MZMMH 0 %«MOM&MMMU nn4reyoepeselq
UT 9SBAID9P I[qRIDPISUOD) € 1484 I A8o1d mpe e PIS [E21D BSBATULIG
g 3 3 4 onzs dnoi3 porrered (9]
pariodar pooiq 3unsej xg asoon| 1md + 1s[n) fepSz " I NATL 0 PAIOAU0 (c107) wdnSusg
10N rerpuead-jsod Tjueoyrudrg saARa[ A1mM)) 1opmod 1syny, s)pe O¢ [e1) [EO1D pUE UESSEYUI
deo (sxeah 0g-L£1) [eL1) [eoIuIp
¢ dooxa OTJUIAIIIUI O [PoI 21099 s : s
muﬂ: . £} Mﬂﬂw wmw AAUH u u>wuw8 c&ﬂ“w w HMW ; Apep xz SAom 8 SOATI Ausaq0 ¢ dnoi§ pyjesed .EFN% W»Mwmmwwww
PI'IN [go1d prdif TNG P I [Prreted fep/Sur 05z Iseqny, smpe o¢ poziopuey
asoon[3 (s1e24 5G-GF) [eL1} [eoTuI
d 9S07OST BOUI 910J9 sdeo
@owwo > pooiq unsej 33 9s0on[3 P u.or P I e \mm 4 $Yoam 69 SaKBS] 1S NAZL 1 pafjonuod ._WM mﬂwwu
N erpuexdisod Tyueoyrudig P : sj[npe arewr 0% pazrwopuey :
(s) sju2Ad (s)aanseawr Torereduo adesoq Juonemcy JOBIIXD (o8uerofe) 21008 uSisop Apn (Tea4) urewop
9SIOAPY awoonQ ! 0 UOTJUIAIU] SN, . Suedonieg  pepe( 199p Apms sioymny [eorurD

*STeLI) [eDTUT]> UBWINY UT SISPIOSIP-PIIR]2I DI[OQRISW UO IS[N) JO 109JF :] ATAV],



Evidence-Based Complementary and Alternative Medicine

‘Juanjed yoes 0) UIAIS sem saAed] Jo  [njpuey, ‘payrdads Jou sem saaea] ysaxy 1syn) Jo Ainuenb L,

“payuur] ajeartd JAg jo 3onpoid e st amjour L,

“erpuy ut Auedwo) [eonnadeweyq 21edyI[eaH [EqIoH eAr[ewty jo 1onpoid axe s1ajquy, isvjng, |
"s;no-doip Aue Jurpnioxs paysi| a1e Apns oYy pare[dwod oym spuvdionvg
"spor1ad mnoysem Aue SUIpnOXs PaIdSTUTIIPE SEM UOTIUIAINUT Y} W) AY) ST UOYDND UOHUIALIUT

‘pIoe dLIN = Y $9pLIddA[SLI) = DT, [0191$3[OYD [10) =

O snppw s232qerp 7 2d4) = Nz SwoIpuss d1joqelaw = GI2J Pour)sIsal urnsur = [ ‘uiqojdowaey pajedsodA[8 = DIvqy mssaxd poorq = dg *(,w) 1yray/(3) 1ySrom Aq paanseawr xapur ssew £poq = [N

Kep/g x TW 0¢ S[eaW 210Joq (s1eah $9-G%)
A - d
poor JHIs Pa10[00-Udd15) Tw 0¢ il gss1d ‘synpe 91 PIzIOpUTd 9861) BAEAIES
[eawr a10J9q (Imo-ysem S o (s1e24 $9-G¥) I9A0-SSOID
SUON. amssaid poolqT jueoyrudis  Aep/Tw 0¢ 13EM Kep/Tw 0¢ Kep-6+) ST 9652 uorsualradAy I  poonuod ogadcerd [sc]
oIm( ysarg . (9861) eAreareg
Pa10[0 UdIID) skep 01 SINpe 07 pazrwopuey
SIABI]
(Ino-ysem (sxeaf £§-72) JOA0-SSOID
oot e e S T s 10000
R SYoom ¥ : Ayreay ¢z ‘purIq-9[qnop Rl
‘pazrwopuey
- (s1eak 0¢-81)
paytodar A 8%%8& poord M_ suoN fepjz x 3o Spam 7 S 6] aarsuajodAy . . [oqef uado ) (2] Aﬂ%@
10N sadueyp Juedyrudis s)npe pnis [edrur) Te 30 eARZIRYg
2om( ysarg
arewa] 0§
S (s1eaf 08-09)
sgoad prdiy ur (4] (2102)
JUON uswasosdur uesyrusis JUON Kepjz x 8¢ SyoaM 71 juerd sjoym  onewosoydhsd @ [eLL eoTurD 0 19 viIo
Iopmod s)npe g
SIMpe NATL 6 Ul U0T}0009p INAZL
auoN 250oT8 POOTq PoonpaY duoN Kep/S 1 PP rerd opoum S 01 I er ety (1] (F961) Ay
Kep/3¢sz I9A0-SSOID
9s0on[3 sutIn pue 9s0oN[3 [eawr 210J2q (1no ysem SIA®I[ (s1eah G9-T¥)
; . S9ARI[ ) Ppa[[onu02-0gade[d [0£] (966T1)
SUON rerpueid-jsod osoony3 Sururow ur Kep-c+) 1opmod NAZL 1 . .
oo[q Sunsej| yueoyrudig 1pmod Kep/3¢t SOIM G IS0, synpe oF purq-a[auts 032 [emeiBy
poorq sut T peurdg : ‘pazrwopuey
payodar vnx CJEEV surajoxd [eaw 210J9q SIARI] (s1e24 G9-G¥) dnoi3 payronuod [8¢]
R pares£[3 @soon[3 pooiq SUON. Sururowr ur SYooM Iapmod SON/INAZL 1 o1 reotu (L661) T30 12
1N orgoxd pidif pasoxduug Kep/31 s[ny, sympe /g [PLO T Te 3 ey
AMW.MM&@ (s)2anseawr 1oyeredwon a8eso Juonemnq JoBIXd Aowﬁw a8e) 21008 uSisop Apnig (Teak) urewop
PV awoonQ UONUIAINU] S0, ., Siuedonieg  pepe( s1oyINy [eorur)
‘panunuo)) ;] ATAV],



Evidence-Based Complementary and Alternative Medicine

“IS[n} JTOURY)D 946°( Pue A>u0y pue aedns apmod Y[ pawwys ‘synuead ‘ursax ‘sjeo paureuod req § 6z Yoes 11eq paYdLIUD IS,

“(010T “Te 32 [epuoly) paystqnd A[snoraaid se synsar sureg |

‘s;no-doip Aue papnpoxs pue Apnys oy Sunajdwos sdnoid uonusaIaIUL pue [01U0d YI0q Spnpul sjupdvd
“pad]dwod sem £pms un s[qeoridde a19Ym sporrad INO-Ysem PIPN[IUT UOHDANP UOUIAIIIUT

‘errydoursos Lreuownd [esrdon) = g4, oseuny aunead = 3D

partoda proxsys 03 paredwio dnoi3 pajean fepysoum saaea] 1SN} snieydoous pafjonuod-fayrered (03]
o 5101 [PATAITS POSEIOU] SUOSBY)OWERXIP Cp SYeaM F  USdIj JoBI)Xd LA [e11) [eOTUID (€861) Te 10 seQT
1oN : Kep/3w 1 snoanby ‘S)Npe H[ paziwopuey
SISBD 9I9AIG SUONDIJUT [BIIA
SYPoM 7 UIIIm I0J YoM ¢ saxed] Is[ny - (s1eak 09-01) [6£] (9861) T8
dUON ponoadur [z sworduwiAs QUON Arep S 01 so53 plI ysaiy Joenxs  snneday [eIa [e11} TeSTUI]D 1 Tuyeyeeley
snoanby ‘5358 ()7
10J SP9M ¢
s191qe}
SUON Aoede eyia parorduy SUON Kep/¢ x Swrpps  Yoom | SOABI] IS[N} PUIpse Ten reoturp uadQ [82]
‘sep ¢ UryIMm JoIRy ‘sympe g (€861) eurreys
snoanby
P-up[nafIajur (1o ysem (s1eak £¢-77) 120785019
SUON SN %..co.stuﬁ.: Aep/3uroog Kep/3w 0o¢ SYooM ¢+) SOLIT IS synpe pafjonu02-0qadeld [22] (1102) UOHE[MpOWOUnI]
‘[2A9] QU034 paseardu[ 280D SYoM ¥ SHoueyH Aqyreay 7z pug-alqnop 239, TPPUON
’ ‘pazropury
PIo® d130.[ UT 9SBIIOUT $SI] Leg ut (s1ea£ 0¢—-8T) [eL1) [e2TuI
SUON S[243] XD pue andney| :meg%%cooﬁ AMMB mﬁmoo: SYPIM T SOABI[ ISTN} sympe pa[jonuos-ogaderd WMW@%WMV
soueurtojrad TesrsAyd | PIqLOSIPION /X 1eql srjoueyg Aqireay og ‘pazrwopuey PESEId MUOA
(s) syuand (s)aanseawr 10yereduon afesoq uonean(q JOBIIXD (o8uex oFe) uSrsop Aprug (Teak) urewop
3SIAPY awonnQ UOTJUSAIU] ST, L Suedonieg  pepe( sioymny [earur)

*S[eLI) [EDTUI[O URTUNY UT SUOT)OJUI [EIIA PUB WI)SAS SUNWIWI UO I[N} JO JO3PY g AIAV],



Evidence-Based Complementary and Alternative Medicine

“pasordwr Apuesyrusis a[yod pidy punoy pue syuedionaed 2y jo ¢ 105 a[yoid pidy pue 2s0on[8 woy sSurpuy pariodar osfe sioyIy

ued 2[0YM ISN) SUTRJUOD PUE SAIPIWAI [eInjeu Jo Jonpoid st [SHIID0

‘s;no-doip Aue papnpoxa pue Apmis o) Sunajdwros sdnoid uonusataiur pue [01U0d Y10q dpnpul sjupdY] |,
'sporrad Jnoysem Lue SUIPNIOXS PIISISIUTIUPE SEM UOTIUSAIAUI A} W} AY) ST UOHDNP UOLUIALIIU

“19pI0sIp Ajdrxue pazijersuad = qQyo

uotssaidap s[eaw 1a)e sa[nsdes (s1eaf 09—-81)
SUON 3 ‘ssons shyanaue] SUON f:«@ xw soom § mw>w\2 S|} aAvO yim I [e11) TeoTUI[D (e8] (8002) Te
“areuuonsanb S o ST ¢ : o 10 eALreypeneyg
paptodsryps 005 foueyy npe g¢
21005 a3 [eor3ojo1q 1S} (s1ea£ 08-09)
SUON pazomor Apueoyrudis SUON Kep/z x 3¢ SeaMm 71 juerd ojoym  onewosoydAsd 0 [eL1} [edTUuI]D . an_ AMMWN@V
Kyarxue paonpay 1opmod ‘sympe $¢ 1239, A
swd[qoid [enxas _ B uonrudosoinaN
pue dooys onde) sonsdes s[eawr 1a)e sa[nsdeo (sxeaf 59-81) pafjonuod-oqaserd (28] (2102)
SUON . Kep/sowny ¢ SYooM 9 juerd ooym ssans ¥ ‘puIIq-2[qnop .
:swojdwds pajefor aso[nyPD 5 mpe PoTIODUE [e 32 BUIXES
$59118 UT UOINPY w00F LLSIIID0 Inpe OST paziopuey
61 Aep 1aye £[uo somsdes (s1waA 0g—g1) [eLn) [eoturp
Krowowr unjrom sansdes S[eaw 210J9q pa[jonuod oqacerd [18] (s102)
SUON . SYooM F SA®I IS[N} s)npe S . .
pasoxdw ‘uonjuoye aso[nyeD Kep/Sur 0o¢ Srous fures puI[q-2[qnop Te 30 yedureg
“ymqrxay aanruSo) foueHH heeq ov ‘pazropuey
(S) syuaad (s)aamseawr toereduion adesoq Juonemn(y JOBIIXD (o8uex o3e) 21008 uStsop Apmig (1eak) urewop
9SIOAPY awoonQ UONUIAINU] S[NT, . Stuedonieg pepe( sIoyINy [eorur)

*STeLI} [eDTUI[D UBWINY UT SS1)S PUB “POOW “WONOUNJ dANTUZ0D UO T[N JO $30972 onnaderayy, :¢ a14V],



reported on the clinical symptoms associated with type 2
diabetes such as polydipsia, polyphagia, polyuria, sweating,
fatigue, burning feet, itching, and headache [69]. In addition
one study reported on obesity [62] and two studies on uric
acid changes in participants with gouty arthritis [38, 65].

Six of the identified trials on metabolic conditions were
randomized clinical trials with placebo controls [66, 68, 70,
74, 75]. In addition, eight studies were of 2-5 weeks duration
[38, 63, 64, 70, 73-75], three were of 6-8 weeks [61, 62, 68],
and six were of 12-13 weeks [65-67, 69, 71, 72]. When the
duration of the tulsi intervention was increased from 4-5
weeks [38, 70] to 12-13 weeks there was a more dramatic
reduction in fasting blood glucose (FBG) and postprandial
glucose (PPG) compared to controls [66, 67]. In particular,
HbAIc (35.8%) significantly decreased when tulsi was added
as adjunct therapy to hypoglycemic medication compared to
drug medication alone [67].

The earliest clinical trial conducted in 1964 with 10
patients with type 2 diabetes reported that over a period of
12 weeks, a 14 g decoction of whole Krishna tulsi plant led
to a gradual improvement in fasting blood glucose in 9 out
of 10 patients [71]. Three decades later, the first randomized
placebo-controlled clinical trial reported daily ingestion of
2.5g of tulsi leaves led to significant improvements of FBG,
PPG, and urine glucose in type 2 diabetes patients after 4
weeks [70]. In addition, Rai et al. reported that 4 weeks of sup-
plementation with tulsi powder significantly lowered blood
glucose and glycated proteins, reduced uric acid levels, and
improved lipid profiles in participants with type 2 diabetes
[38]. In comparable trials with longer durations, FBG and
PPG improved by 1.2-2.2 and 1.5-6.0 folds, respectively, while
HbAlc improved 1.5 and 3.2 fold after 12-13 weeks [66, 67].
Similarly, lipid profile was improved significantly in MetS and
diabetes participants in three clinical trials [38, 66, 68] with
a separate clinical trial reporting significant improvement in
lipid profile in obese participants [62] and a further study
reporting improved lipid levels in healthy subjects [74].

A further 12-week study of type 2 diabetes patients
reported greater improvement in both blood glucose and
HbAcl levels when 300 mg of tulsi leaf extract was adminis-
tered along with the antidiabetic drug glibenclamide, com-
pared to drug treatment alone [67]. Similarly, a controlled
trial of patients with diabetes found that consumption of 2 g
of tulsi powdered leaves, either alone or combined with curry
leaves, led to significant improvement in blood sugars after
two weeks [63]. In a further 12-week randomized trial in
diabetic patients, 2 g of tulsi leaf extract alone or combined
with neem leaf extract produced marked reduction in dia-
betic symptoms with greatest effect noted for the combination
[69].

Six trials reported on the effect of tulsi on individual
features of metabolic syndrome [62, 72-75]. Two studies
reported significant improvement of blood pressure in hyper-
tensive participants given 30 mL of fresh tulsi leaf juice once
daily or 30 mL twice a day for 10 and 12 days, respectively
[75], with a further study reporting normalisation of blood
pressure in hypotensive adult females [73]. Yet another study
reported improvement in serum lipids with no difference in
blood pressure in healthy adults administered 300 mg per
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day of tulsi leaf ethanolic extract for 4 weeks [74]. A further
study reported improved lipid profiles in older adults (60-80
years) with psychosomatic symptoms after administration
of 3g of whole plant tulsi extract twice daily for 12 weeks
[72]. A more recent study also reported improvement in lipid
profiles, as well as BMI of obese participants administered
250 mg capsules of tulsi leaf extract twice daily for 8 weeks
[62].

3.5. Immunomodulation and Inflammation. Enhanced im-
mune response was reported in five clinical studies [76-80]. A
small randomized double-blind, and placebo-controlled trial
found increased immune response with increased Natural
Killer (NK) and T-helper cells in healthy adult participants
compared to placebo volunteers after 4 weeks of 300 mg
or ethanolic tulsi leaf extract daily taken before food [77].
Another 2-week controlled randomized study in which
young adult volunteers were provided with nutrition bars
fortified with 1g of ethanolic tulsi leaf extract found that
compared to control participants, the intervention group
had significantly improved VO, max, less fatigue, reduced
Creatine Kinase, and improved immune response to viral
infection as indicated by reduced load of human herpesvirus
6 in saliva [76].

Two clinical trials studied the effect of daily adminis-
tration of 10 g of an aqueous extract of fresh tulsi leaves in
patients with acute viral infections, with a study on patients
with acute viral encephalitis reporting increased survival
after 4 weeks in the tulsi group compared to a group given
dexamethasone and a study on viral hepatitis reporting
symptomatic improvement after 2 weeks [79, 80]. A further
study of asthmatic patients found that 500 mg of dried tulsi
leaves taken three times daily improved vital capacity and
provided relief of asthmatic symptoms within 3 days [78].

3.6. Neurocognitive Effect. The four studies that reported on
neurocognitive effects all showed significant improvements
in mood and/or cognitive function regardless of age, gen-
der, formulation, dose, or quality of the study [72, 81-83].
Cognition function was assessed in a randomized, placebo-
controlled, clinical trial that demonstrated an improvement
in cognitive flexibility, short-term memory, and attention in
40 healthy young adults (17-30 years) following treatment
with 300mg daily tulsi for 4 weeks [81]. However, the
cognitive effects of tulsi were only significant after the first
two weeks compared to the placebo, with no significant
difference found in stress levels. This is in contrast to three
clinical studies that reported significant reduction in anxiety
and stress levels with higher doses of tulsi given over a longer
time period [72, 82, 83]. The positive effect of tulsi on mood
was demonstrated in three studies, with two studies reporting
reductions of 31.6%-39% in overall stress-related symptoms
in patients with psychosomatic problems compared to a
control group [82, 83].

4. Discussion

Despite a long history of traditional use and widespread
availability, relatively few human intervention studies have
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been conducted on the effectiveness of tulsi for clinical con-
ditions and this is the first comprehensive literature review of
published human research on the ingestion of tulsi as a single
herbal intervention. The studies identified in this review
could be classified according to three main clinical domains
including metabolic disorders (15 studies), neurocognitive or
mood conditions (4 studies), and immunity and infections
(5 studies), which are all extremely relevant to the growing
world-wide epidemic of lifestyle-related chronic disease. The
finding that the reviewed studies reported favourable clinical
effects across these domains suggests that tulsi may indeed be
an effective adaptogen that has a role in helping to address the
psychological, physiological, immunological, and metabolic
stresses of modern living.

It is interesting that tulsi has important clinical effects
across diverse therapeutic domains, all of which may have
inflammation as an underlying factor. The anti-inflammatory
effects of tulsi have been previously documented in many in
vitro and in vivo studies [43, 85-88], and it is likely that tulsi
has multiple bioactive secondary metabolites that act alone
or synergistically to inhibit inflammatory pathways. There
is also evidence to suggest that tulsi may be useful as an
adjunct to pharmacotherapy and nutrition in the treatment of
metabolic disorders thereby reducing the need for high doses
of drugs, which may have adverse effects. The clinical effects
demonstrated in the reviewed studies suggest tulsi may have
an important role in addressing other inflammatory disorders
and that the Ayurvedic tradition of consuming tulsi on a daily
basis may be an effective lifestyle measure to address many
modern chronic diseases.

The most commonly used part of the tulsi plant is the
leaf (dried or fresh), which is known to contain several
bioactive compounds including eugenol, ursolic acid, f3-
caryophyllene, linalool, and 1,8-cineole [89-91]. Eugenol has
been found to be the major bioactive metabolite common to
all three tulsi varieties with varying amounts in each cultivar
[92, 93] and it has recently been suggested to act via dual
cellular mechanisms to lower blood glucose levels. These
include competitively preventing the binding of glucose to
serum albumin and inhibiting the conversion of complex
carbohydrate to glucose [93]. However, while eugenol has
been shown to be bioactive, the phytochemical composition
of tulsi is very complex and varies depending on different
conditions [94-97] and there are many other potential
active secondary metabolites such as other phenylpropanoids
(methyl eugenol, rosmarinic acid), monoterpenes (ocimene),
and sesquiterpenes (germacrene) that could alone or syner-
gistically produce therapeutic benefits [98].

All reviewed studies reported favourable clinical effects
with minimal or no side effects irrespective of dose, formu-
lation, or the age or gender of participants, with only one
clinical trial reporting transient mild nausea [62]. As the
longest study was only 13 weeks, the failure to report any
adverse effects does not preclude the presence of any long
term side effects; however, the long traditional history of
regular tulsi use suggests any serious long term effects are
unlikely and that daily ingestion of tulsi is safe. Furthermore,
the results of this review are consistent with previous evidence
for the clinical efficacy and safety of tulsi, which includes

multiple in vitro and in vivo studies and many human clinical
trials in addition to traditional use.

4.1. Limitations and Scope. This review, which comprehen-
sively reviewed all human clinical trials published in English
language on ingestion of tulsi as a single herb, has many limi-
tations. While the review included 24 studies and minimized
bias by using a systematic and independent search strategy
without limiting publication year or study design, we cannot
be certain that all studies were located; this is especially due
to the fact that almost all studies were conducted in India and
published in local journals, some of which are very difficult
to access or search. There may also be unpublished studies
that report negative outcomes [99]. Furthermore, while the
reviewed studies were consistent in reporting positive effects
of tulsi in humans, only 7 out of 24 can be considered
high quality studies with all but three failing to include a
double-blind strategy. Tulsi’s therapeutic effects may have
therefore been overestimated and while the efficacy of tulsi
was reported across a wide range of formulations and doses,
many studies also failed to provide details of the cultivar,
dosage form, or specific dosage or quality control measures
of the tulsi used.

This review suggests that tulsi is an example of the
Ayurvedic holistic lifestyle approach to health and appears
to provide a vast array of health benefits that offers solutions
to many modern day health problems. While the reviewed
studies could be classified into three major therapeutic
domains, there is insufficient evidence for any specific tulsi
formulation to assist in any one condition. More rigorous
studies with larger sample sizes and longer durations and
standardised formulations are therefore needed before spe-
cific recommendations can be made for the treatment of
any specific disease. This review further highlights the need
to investigate and determine unique signature compounds
specific to each of the three tulsi varieties, to not only identify
the bioactive metabolites that may synergistically interact, but
also shed light on the underlying mechanism of action on
metabolic and inflammatory pathways.

5. Conclusion

Despite the lack of large-scale or long term clinical trials
on the effect of tulsi in humans, the findings from 24
human studies published to date suggest that the tulsi is
a safe herbal intervention that may assist in normalising
glucose, blood pressure and lipid profiles, and dealing with
psychological and immunological stress. Furthermore, these
studies indicate the daily addition of tulsi to the diet and/or as
adjunct to drug therapy can potentially assist in prevention or
reduction of various health conditions and warrants further
clinical evaluation.
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